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SUf.Si4ARY OF EXPERIKENT 

A study i s  proposed t o  quantitate t h e  effects of negative pions on cel ls  involved 
V i n  both ce l lu la r  and humoral imnune responses. 

Experiments will assay primed and unprimed T ce l l s  as well as primed and unprimed 
B cel ls .  
o f  car r ie r  recognition, and 13 cell function will be followed by enumeration o f  
c e l l s  tha t  synthesize antibody against the hapten. 

GIith a hapten-carrier system, T cel l  function will be assayed by means 

For t h e  ce l lu la r  imnune response, the action of negative pions i n  inactivation o f  
c e l l s  capable of mediating cytotoxicity against transplanted plasmacytomas will be 
studied. I m n e  spleen ce l l s  wi l l  be taken from imnunized donors and transferred, 
together w i t h  viable myeloma ce l l s  t o  a second recipient. 
quantitated on the basis of diminished ab i l i t y  of irradiated imnune cells  t o  abrogate 
outgrowth o f  the transferred myeloma. 

Pion inactivation will be 

Plons f r o m  both peak and plateau will be used t o  generate dose-survival curves for 
each class o f  imnunocompetent cells.  These resul ts  will be compared w i t h  survival 

provide valuable RE comparisons f o r  the action o f  pions on immunocytes a t  the tumor 
s i t e ,  as well as fo r  estimating pion effects in intervening t issue included in 
the radiat ion f ie ld .  

pcurves generated by conventional Cobalt-60 g a m  rays. Data from this study will 
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PROPOSAL I NFORiGT ICN 

Beam Area: Biomedical. 

Beam Requirements Negative Pions. 
& Type of Particle:  

Field Size: 5 ;  5 cm. 

Dose Rate: 30 - 40 rads/min., Minimum. 

Other beam requirements are w i t h i n  those necessary f o r  adequate radiotherapy. 

Running Time Required: 

Scheduling: Beginninq October, 1975. 
Major LAMPF Apparatus Required: None. 

Shielding and Enclosures Required: NOt4E. 

Intermittent -- usage i s  requested, comprising 50 hours. 

Special Services Required: Animal care for  approximately 150 muse cages. 
V T i s a M x i m u m  estimate, and no more t h a n  50 
cages need be maintained a t  the laboratory s i te . )  

Space required: Laboratory space -- i n  the Biomedical Faci l i ty  will  be adequate. 

SPECIAL APPARATUS TO BE FABRICATED BY LAMPF: None. 

IDENTIFICATION OF HAZARDS ASSOCIATED WXTH THE EXPERIMENTAL APPARATUS AND 
PRECAUTIONS TO BE TAKEN: &. 
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RESEARCH PLAI4 

' A. Introduction: 

' 1. 
I 

Ob'ective: To obtzin quant i ta t ive infornatjon abou t  e f f e c t s  of negativc pi mesolis 
on ce  1 Foprat ions involved in iiriune responses. 

2. Eackoroucd: a. Cegative P i  k!esons. Because of their  unique dis t r ibut ion o f  dose 
: w i t h  depLt1, negative p i  riesons (negative pions or pions) hold pronise as an improved 

m o d a l i t y  f o r  treiltiiicnt of h r a n  neoplasm ( 1 ) .  The depth-dose prof i le  consists o f  en 
:entrance plateau o f  re la t ive ly  constant dos2  w i t h  d e p t h ,  fo1lot:eJ by a dose peak 
. which rnav be 215 t o  3 tirncs qreater t h a n  the entrance piateau, depending on the !co?en- 
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tun)  spi-eid of incident par t ic les .  
sults principally f r ca  ionizations produced by repulsion of orbi ta l  electrons ( 2 ) .  
The dose peak, on the other hand,  resul ts  from capture of pions by nuclei of the 
absorbing rfiaterial. 
increases as  they cone to  r e s t  (3 ) .  The ncqativcly charged pion i s  a t t racted t o  a 
posit ively charged nucleus, displaces a n  ou te r  orbital  electron o f  the capturing atcz,  
cascades doxnward arid i s  u l t i m t e l y  captured by the ctomic nucleus ( 4 ) .  O f  the pion's 
140 I4eV r e s t  mass, about  40 HeV i s  expended overcoming the bindina energy of the 
nucleus, t h u s  about 100 MeV i s  deposited within the c a p t u r i n g  nucleus, causing i t  t o  
v i r tua l ly  explode into several densely ionizing fragwnts (5 ) .  
cal led s t a r s  from the i r  appearance in photcgraphic emulsion. 

For  nmoenergctic ?ions the entrance plateau re- 

The nuclear cross section i s  qirite lo:-/ for  picns i n  f l i g n t ,  b u t  

These fragments are 

Nuclear fragments i n  the s t o p p i n g  o r  s t a r  region, may have associated LET values of 
as great as 1,000 keV/u--calculations indicate t h a t  259;; o f  the dose resul ts  f r o m  
events w i t h  associated L E T ' S  of 20 ke\!/u or greater ( 4 ) .  
physical dose maximized a t  depth, b u t  the mode of i t s  distribution provides a d i f fe r -  
en t ia l  RBE a t  depth. The RBE o f  plateau dose i s  assumed t o  be about 1 ,  whereas in 
the peak, RBE values i n  the range of 2.5  have been reported (6) .  Previously, pure 
high-intensity pion beams have no t  been available for  determining k i l l ing  effects 
on c e l l s ,  a necessary experimental base for beginning cl inical  t r i a l s .  
Alamos I-leson Physics f a c i l i t y  (LAblPF) i s  now in final construction and includes a 
biomedical beam line w i t h .  necessary f a c i l i t i e s  for  carrying o u t  c l in ica l  pion therapy, 
as well as radiobiological experimentation. A t  th is  writing beam intensity from the 
biomedical beam l ine  is anticipated to  be 50-60 rads/rnin for  a 3 x 3 cm f i e l d  dur ing  
the July-August 1974 run  cycle for  the accelerator.  

Pretherapeutic experiments w i t h  pions from th i s  laboratory (CA 13371-02, "Preclinical 
Study o f  Radiobiology of Negative Pions") will bectin a t  LAMPF a t  t h a t  time, 

Therefore, n o t  only i s  the 

The Los 

These 
i experiments, p a r t  of-a planned intearated pretherapeutic e f for t  a t  LAMPF, will de- 
' l inea te  biological depth dose dis t r ibut ions o f  pions f o r  hematopoietic and immuno- 

:work  w i t h  quant i ta t ive determination o f  t h e  action o f  negative pions on the various 
i cell populations t h a t  par t ic ipate  i n  both ce l lu la r  and humoral immune responses. 

I b, Xmmune Responses. Specific imnune responses, i.e., those which involve the 
I recognition of foreign antigens, followed by a reaction directed a g a i n s t  these same 
i antigens, are mediated by lymphocytes (7). 
! o r  foreign erythrocyte surfaces e l i c i t  formation of antibody; th i s  i s  termed the 
* humoral response. 
rejected by d i rec t  participation o f  a c t i v s t e d  lymphocytes (8).  This response which 
may involve, b u t  does n o t  require, the elaboration of antibody, i s  termed the ce l lu la r  

iimnune response. 
lo t ig ina te  from the same stem ce l l  pools, t h e  following discussion will t r e a t  them 
: separately. 

competent stem ce l l s .  Experiments o u t l i n e d  below are designed t o  follow t h i s  i n i t i a l  

Antigens such as  those found on bacterial 

In contrast ,  foreign t i s sue  or organ graf t s ,  including tumors, are 

Although bo th  responses are related i n  t h a t  effector  c e l l s  may 

00133362.004 
& - --. . * . .- ~ . .  . 

I892bBb 



L . . , .  . I . 
Carlson, Donald E.  - .--.-. ~ 

: b-i .  Hu:::oral 1K;;zne Response. Tuo populations .of sm11 lymphocytes participate 
:d i r ec t ly  in the an t ibody response--T c e l l s  w h i c h  function under the influence o f  t h 2  
1 thylp.us, and c e l l s ,  derived froiii bo!ie marrow, v h i c h  are p r O g a I i t O ? S  Of  t h o  .antibody 
i secretin: plasxa c e l l s  (9) .  
ld i f fe rcn t ia te  (lox and interact  with B ce l l s  t o  signal the i r  clonal expansion and ; 
Iu ' l t icate d i f fe rcn t ia t ion  in to  aniibody-secrcting y l a m a  c e l l s  (11).  

jduced (14), and par t ic ipate  i n  irwnologicsl  rernory (15).  B c e l l s  a l s o  exhibjt 

I a lso  par t ic ipate  in imunological mernory (77). 

IThus fou r  c lasses  of small lynphocytes may ex i s t ,  v iz ,  virgin T c e l l s ,  activated 
a (educated o r  primed) T c e l l s ,  v i r g i n  6 c e l l s ,  and p r i ~ e d  6 ce l l s .  
! f ica t ion  o f  T and G c e l l s  has explained in part some of the cozplexities o f  ininune 
!responses, par t icular ly  the observation t h a t  a sza l l  antigen called a hapten i s  
!unable t o  e l i c i t  antibody formtion unless i t  i s  bound t o  a larger ca r r i e r  roiety 
:which i s  i t s e l f  iKunogenic (18). Elegantly dexns t ra ted  f o r  mice by Raff (19) i s  , 
!evidence tha t  the imunogenic car r ie r  i s  recognized by T ce l l s ,  the hapten by B cel ls .  
;Thus f o r  antibody formation against a hapten, the presence of functional T c e l l s  
I capable o f  recognizing the car r ie r  is necessary. Hapten-carrier systems, such a s  t h a t  
;described by Kettman and D u t t o n  for  mouse responses ( Z O ) ,  provide a c lear  cut mans 
! f o r  d i f fe ren t ia t ing  b&J?Cn T and 6 ce l l  function i n  antibody responses, par t icu lar ly ,  
i i n  regard t o  ionizing radiation effects. 

; A s  ear ly  a s  1908, Benjamin and Sluka noted the suppressive effect  of i o n i z i n g  radia- 
i tion on imiune function (21).  Since t h a t  t ine  numerous reports have  emergsd &tai l ing 
aspects o f  radiation-induced i m n e  suppression (compiled i n  22). 
h i c h  e f f ec t s  of x-rays on inmunocmpetent c e l l s  were quantitated are s ignif icant  in 
the context o f  work proposed i n  this document. !iakinodan, e t  a l .  ( 2 3 ) ,  determined i 
survival curves fo r  antibody formation against sheep erythrocytes w i t h  primed and 
unprimed spleen c e l l s .  Their resul ts  indicated t h a t  b o t h  the primary and secondary 
hemagglutinin responses were equally radiosensitive, i.e.,  d a t a  for  both responses f i t  
identical survival curve.parameters w i t h  an extrapolat ion number of 2.7 ,  and a D o f  i 
70 rads. 
i r radiat ion.  More recently Zaalberg e t  a l .  ( 2 4 ) ,  reported survival curves for ! 
primary responses of nice,  a lso directed a g a i n s t  sheep erythrocytes. H i s  work showed 
that  the  dose survival.curve f o r  spleen c e l l s  challenged 23 hours a f t e r  irradiation . 
was purely exponential, i .e.,  completely lackino a shoulder, whereas c e l l s  challenged 
w i t h  antigen 2 h o u r s  a f t e r  i r radiat ion exhibited a shoulder. 
exponential slopes o f  survival curves, and hence the Do values were paral le l .  Gen- i 
gozian and Flakinodan (25).  and Nakinodan, e t  a l . ,  (26) investigated the relationship i o f  tdme betkieen i r rad ia t ion  and antigenic challenge for antibody responses in mice. 
A consistent feature o f  these experiments was t h a t  the n a d i r  o f  response resulted I 
when antigenic stimulation occurred e i ther  12 or 24 hours a f t e r  radiation exposure. 
These resu l t s  were confirmed by Carlson ( 2 7 )  who showed in addition that  the t ine- : 
dependent response was di f fe ren t ia l ly  exposure-rate sensit ive,  and t h a t  the level o f  i 
antibody response was less exposure-rate dependent a t  the n a d i r  t h a n  when antigen 
preceded i r r a d i a t i o n  by 12 or 24 hours. 

A central question r e l a t e s  t o  the  re lat ive role  assumed by T and B c e l l s  i n  radiation-: 
iinduced suppression o f  antibody responses. 
;been worked o u t  for unprimed B or T ce l l s ,  primed B ce l l s ,  nor fu l ly  described for 
'activated I T ce l l s .  
helper function f o r  Primed T cel ls ,  a1 though quantitative parameters of rad iosensf t iv i ty  

T ce l l s  in te rac t  specif ical ly  wi th  ar;tiSc.n, proliferate,  

T c e l l s  n o t  only 
perform th i s  specif ic  hzlper f t lx t ion ,  b u t  act  t o  regulate the class o f  antibody 

spec i f ic i ty  f o r  a n t i q n s  (11). participate i n  res t r ic t ion  o f  antibody class (16) ,  and 

i . fo r red  (12). the as::!unt o f  circulaticg an t ibody  (131, tbe a f f in i ty  of antitodrt pro- 

, 

I Functional identi- 

I ! 

Two studies f n  

In these experiments antigenic challenge occurred w i t h i n  three hours a h e r  

In both cases the 

Parameters o f  radiosensit ivity have not 
, 
I Tv-o groups have demonstrated a degree o f  radioresistance o f  
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b v e  not been described (23,23). C u a n t i t z t i v c  inforrztion r e l a t ive  t o  B and T ce l l  
radiosensi t ivi ty  fo r  h i g h  LIT  radiaticns are a1 so lacking. 

Experifcents i n  t h i s  labora*Lcry have est;5lisilcd the f eas ib i l i t y  of dEteri:inir,g d i f -  
fe ren t ia l  E3 and T ce l l  a c t i v i t y  i n  irradizted cice.  
(400-703 r a d s )  were reconsti tuted t: i th eithev th;x;rs c e l l s  ( 5 0  x lo6)  o r  bone marrc.;: 
c e l l s  (10 2; lo5) and challccqnd with sheep etytkrccyte a n t i p i  e i ther  2 h e w s  af ter  
i r rad ia t ion ,  o r  a t  periods o f  u? t o  3 days. 
antigen injection. nice were kil led and a n t i b o d y  secreting c e l l s  cere  enlinerated 
accordina t o  the m t h o d  of Jerne (30) or Curniyti iam (31). For  primary responses 
challenged w i t h i n  2 hours o f  i r radiat ion the ac t iv i t i e s  o f  
ed to  be re la t ive ly  equivalent. 
challenged w i t h  anticen a i  in te rva ls  o f  u p  t o  three d a y s ,  data f o r  both d i rec t  ( I < , : : )  
and indirect (Igf.) 
which occurs i n  the mouse 24 hours aftsr i r rzdiat icn,  r.as dti2 principally t o  
dinin.islied B ce l l  activity. Tnese expcrimnts are being prepared for publication e t  

Sublettrolly irradiated mice 

Cn the fcurth t h r o u g h  seventh &ys after 

both  B and T c e l l s  aprrsr 
;$:hen Sroups o f  irriiaiated, reconstituted G i c e  w-i: 

a n t i b o d y  fcrr ing ce l l s  irdicated tha t  the n a d i r  o f  response 

i the present t i r e ,  

b-ii.  That rejection o f  fore1 n graf t s  i s  thyrrms &@pondsnt 
rests on a mounta in  o f  b o t h  d i rec t  cnd indirect  evidence 4 4 5 ) .  Elimination o f  T 
cells fron immune lyrnphoid populations ahrogatcs their  ab i l i t y  t o  display ce l l  mediat- 
ed tox ic i ty  i n  eit’ler g r a f t  versus h o s t  (G‘Jt i )  or al lograf t  reactions (32.33). Rouse, 
e t  a l .  (34,35), who investisated a mrkcaly antigenic and spontaneously rearessir,s 
group o f  plawnacyto.ms i n  t!Z0 cice, found t h a t  high concentrations o f  anti-theta Sea 
abrogated the cytctoxic e f f ec t s  o f  innune lymphoid ce l l s .  
thymus dependent lymphocytes a re  the prinary effector c e l l s  i n  cell-mediated innunity 
against  hese t m o r s .  
both Cr51 release and microcytotoxicity as -- i n  v i t ro  correlates (36,37). T h a t  cyto- 
toxic e f fec tor  lynphocytes are T-cell dependent I S  also implied from i t s  parallel  t o  
ctyotoxicity i n  g r a f t  re ject ion,  and t o  the finding t h a t  nude or athynic nice 
(T ce l l  def ic ien t )  show a great  a b i l i t y  t o  propagate transplanted tumors. The exact 
implication of the l a t t e r  finding i s  nou i n  sone doubt since nude mice reportedly 

Cellular I m n e  Response. 

Their results indicate  P l a t  

Similar  cocclusions have been drawn by investigators using 

Ishow residual T cell ac t iv i ty ,  and appear Rot to be markedly more susceptible t o  
; spontaneous (38) o r  chanically induced oncogenesis (39). 

‘On the other hand, recent reports by tno groups suggest  p a r t i c i p a t i o n  o f  B cells i n  

‘carcinoma i n  man (40) by mans  of rnicrocytotoxicity t e s t ,  major B cell  components 
I mediating ce l lu l a r  cytotoxicity were found. The exact interpretation of these resu?ts  
. i s  d i f f i c u l t  to  resolve a t  th i s  time, b u t  does leave open the possibi l i ty  that mre 
: than one cell  type may be involved i n  antitumor cell-mediated cytotoxicity.  Nonetheless 
;care must be taken i n  in te rpre t ing  results of any single cytotoxicity method since 
1 d i f f e ren t  tests may give d i f fe ren t  results when evaluating e i ther  a l lograf t  transplan- 
e t a t ion  (41) or tumor immunity (42 ) .  

t m r  rejection. Investigating Flaloney Virus sarcoms i n  the mouse (37) and bladder 

I Since eventual combination therapy w i t h  radiation or chemicals may include inununo- 
1 therapy o r  enhancement o f  h o s t  cell-mediated immune mechanisms, interactions of these 
lregimens w i t h  host  immune function as well as host-mediated antitumor ac t iv i ty  is o f  
‘importance. Al though radiation i s  a commn modality for t m r  therapy, the e f f e c t  o f  
isuch treatment on lynphocyte ac t iv i ty  and on h o s t  cell-mediated imnunity has not 
‘been well worked out. 

‘ A  number of  studies have been reported relating radiotherapeutic regimens t o  lynpho-  
.cytc ac t lv i ty ,  measured as responsiveness t o  mitogens or as cnanges i n  numbers of  3 

! lymphocyte ac t iv i ty  i n  patients i rratiiated fxdiasLinally f o r  breast tumors or wit11 
and T cells. Thus. Stjernsward e t  a \ .  (47) .  and Engnsoet, e t  a l .  (481, i n v e s t i g a i i n g  

1 
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multiple f i e lds  for  t-lodgkjns Dise&sc shot:i?d s i c n i i i c a n t  and prolonc_rcd dccrc3scs 
follc.::.ing i r red ia t i sn .  
B ce l l s .  
(a]tk,oygh relatively .?.:-ansitorg) dccreascs i t 1  both T a n d  I: ce l l  act.ivity f 3 1 1 w i n g  
.irradiation. 

Cell-mediaeed jrr.nnity per se has been studied in mice undergoing experimental 
radiation ttlclrapy fo r  transplanted fibrosarcorras ( 4 3 , M ) .  
led expericents l i t t l e  i f  any a l te ra t ion  in cytotoxicity occurred i n  spleen or  1y:Yh 
node ce l l s  th!:en from aniit:jls v h i c h  received sin9le curative doses (as h i g h  a s  450.3 
rads) dolivcr2d t o  t:;e t h i g h .  
successful as masured by tLiTiO1- s ize ,  anisals i n  w h i c h  therapy MS unsuccessful d i s -  
played a reduction i n  cytotoxicity t q 2 t h c r  w i t h  c !eve lopxn t  of b1ockir.g factor's i n  
t h e  serum. 
compler,es, khich intsrfere  w i t h  specific cell-rsdiated cytotoxicity directed assinst  
the host tumr,  secgs t o  be a Senzralized ph:r,o-.non i n  b o t h  animals and hwnans 
bearing large antigenic tunors (45). The t i o r ! : ' o f  O'Toolg (46)  provides an  inpcrtznt  
s tep  tot:ard re la t icg  radiotherapy a n d  ce7l-redizted cytotoxicity i n  nian. 
treat;x!nt for  bleddcr carcinona (4000 t o  5050 rads)  protracted over k;eeks, caused 
relat ively r a p i d  decreases i n  cell-mediated toxici ty  in the peripheral blood 1y:pho- 
cytes,  fol1o;;ed by a r a p i d  recovery o f  cytotoxicity only i n  patients destined t o  sko:: 
no recurrence. the time course of cell-c;ediated cytotoxicity a f t e r  i r r a d i a t i o n  
may be of prognostic value (61). 

In comparing responses of pat ients  (46)  and of i r rad ia ted  mice ( 4 4 ) ,  a marked differ-  
ence i n  the time course o f  cytotoxicity is apparent. 
depression i n  cytotoxicity occurred imnediately following i r radiat ion,  while th's :.:as 
n o t  seen i n  t h e  mouse studies.  
radiation protocols--fractionated doses were used in the hzman t r ia ls ,  whereas. carpar- 
able single doses were used i n  mice. The fractionated protccol fo r  pat ients  wou ld  
be expected t o  i r rad ia te  a greater number o f  ljmphocytes d u r i n g  the i r  t r ans i t  t h r o u g h  
the r a d i a t i o n  f ie lds ,  Rouse, e t  a l .  (34) ,  have shown that effector  lymphocytes may 
be moderately radiosensit ive,  w i t h  LD50 values o f  about 200 rads. 

The mouse myeloma presents an a t t rac t ive  model for i n v e s t i g a t i n g  e f fec ts  o f  radiation 
on growth and host-mediated cytotoxicity: a )  tumor growth can be quantitated by 
measurenont o f  paraprotein concentrations in the sera (50,5!). Thus i t  is possible 
t 0  follow ear ly changes i n  tumor growth. b) The plasmcytomas i n  Balb/c mice are only 
weakly imnunogenic and may more closely parallel  the hunan condition t h a n  other niore 
imnunogenic experimental tumors. c )  The ea1 b/c plasmacytoma has character is t ics  o f  
i t s  human counterpart i n  t ha t  i t  causes kidney dysfunctions similar to  that  found i n  
b n  (52) ,  and responsemuch l ike  human tumors to  a variety o f  chemotherapeutic agents 
(53). d )  The classical  1;'inn t e s t  can be u t i l i zed  for qcantitating rzdiation-induced 
inactivation (54,55), i n  which graded numbers o f  imune cytotoxic c e l l s  are injected 
together w i t h  known numbers of plasmacytoma ce l l s  in to  sublethally irradiated aniaals. 
Absence of tunor growth r e su l t s  from ac t iv i ty  o f  immune lymphoid c e l l s .  

At this  w r i t i n g  a project is  g e t t i n g  underway i n  t h i s  laboratory t o  evaluate cell  
medfatrd cytotoxicity acd i t s  enhancement or al terat ion by various therapeutic reginens, 
using Calbjc myeloma, HOPC-104. The  project i s  intended i n  pa r t  t o  provide disserta- 
t i o n  research f o r  a Ph.D. candidate,  who m y  also be involved i n  studies proposed 
herein. 
i 
3. Rationale: 
malignancy. Because pure h i g h  intensi ty  p ion  beans have not existed previously,  the 

T cel l  ac t iv i ty  \.:as rcore' nar.i:?dly depressed than  ii ' .at o f  
Stl-atton and Fiyfiefd (49) wcet;t ly re:mrtcd extrsaely r a F i d  a n d  signific3n: 

I n  these carefully control - 

I n  contrast t o  these mice i n  r:.hich radiotherapy ::zs 

TI12 presence o i  factors ,  e i ther  ant ibody, antigen o r  antigen-actibody 

Radiaticr. 

Thus 

In human subjects significant 

T h i s  disparity may have resulted from differences i n  

I ) 

Negative p i  mesons represent a new modality for  the treatment of hurnan 

I 
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C a r l s o n ,  DonJld E. 

, - .  - .  I 
. r e l a t ive  e f fec ts  of p i o n  inactja!ation on a \,!ide v a r i e t y  of  ce l l s  i s  being defc?r:::r.xI i: 
j a coordjr1ated fashion. , n i n g  treatxent protocols for  patients.  

; cure. 

I on cel l  papulaiions p a r t i c i p a t i c g  in ic:wne responses is warranted. 

licch of t h i s  \.:or:: 1;:i 1 1  be extrapolated d i  rcctly into PI;:!- 

/$aunting evicjpnce ir.p1 icates a v i  t a l  role  f o r  imwne processes i n  tumor gror.!th Z P ~  

concern. Qgantitative infom.tt ion a b o u t  tP.2 action of bDth peak and  plateau pisfis 

B.. 5 cc i f i c  Aims 

Furthermre, the imli:inc s t a t i s  o f .  cai:cer patients undergoing therapy i s  o f  

The project outlined below i s  designed t o  quantitate e f f t c t s  of  both -+-+ pea and p ELeau picns on irrur.stc?Fc;ent ce l l s  t h ; t  K e d i a t c  inaune rezct io-s .  
' Data from p ion  exposures will be co:.:pa!-ed v:i t h  paired experirnents usin? Ccbal t -63  

T h u s  REE values h411 bt! o b t a i n c d  f o r  classes of  imunocytes involvsc' I i n  both the antibody and cell-mediated rcspcnses. 
1 
; C. 
. straightfoi-i.:ard and qucntitativc.  i ' a r e  being used i n  this lcboratory. 
! outlined in t h i s  section of fe r  the advantage  of reqyiring only a mderate ameunt of 
j preliminary or baseline work before b e o i n i n g  the central experimental Pl-OtGCOl s. Gn 
: t h e  o ther  hand,  because o f  necessary controls and quantitation, the nuii:bers of 
' animals required t o  j u s t i f y  an atteqpt i n  t h i s  area a re  moderately large. 

j Mice: 

I t ively.  i and used a t  12-16 v!eeks o f  age. 

! Antigen: 
! according t o  the method o f  Rittenberg and  P r a t t  ( 5 6 ) ;  erythrocytes wil l  be obtaiczd 

f r o m  the Animal Resources Center o f  th is  ins t i tu t ion .  

Irradiation: Recipients i n  both assay systems, as  we as appropr ia te  experimental 
c e l l  suspensions, will  be irradiated from a 3,000 C i  "Co Theratron. Experimental 
i r radiat ion will take place a t  the  Los Alamos s i t e  using the bioaedical beam chamel. 
Cells will be i r r ad ia t ed ' i n  v i t r o  us ing  a compartmented chamber which has been 
fabricated for our current pion work. 

Ant ibodv Formina Cell Assay: The c lass ical  technique of Jerne for  enumerating anti- 
body releasing c e l l s  will be used (30). 
placed, together with target  erythrocytes in a semisolid agar gel matrix, incubated 
a t  37OC. and IgM releasing cells detected a f t e r  addition o f  complement. 
leasing IgG are detected by adding anti-mouse-IgG serum to  the preparation t o  
develop hemolysis. 

Cytotoxic Lynrphocyte A s s a c  The classical  GIinn (57) t e s t  for measuring antitumor 
ac t iv i ty  of irnnune spleen cells will be used. 

Cells In antibody response. 

These studies will u t i  1 ire TUP (2 ,4,6-Tri n i  trophenyl ) substituted erythrocytes to 
i capi ta l ize  on t h e  d i f fe ren t ia l  properties of T and 6 c e l l s  to interact  with carrier 
I and hapten, respectively. The basic  premise i s  t h a t  maximal responses occur kihen I optfmal numbers of  B and T c e l l s  coexist; a suboptimal quantity of one population 

g a m a  rays. 

Iktbods o f  Proced-L.. Techniques t o  be used for  the proposed project are 
For t h t  i i o s t  p a r t ,  those have been einployzd, cr 
For both hu;:oral azd cel lular  studies,  1:;ethcf5 

Specific pathogen f r e e  CD F1 (Balb/c x DBA2)F1 and Balb/c mice will be used 

These will be purchased from Cumberland View Farms, Clinton, Tennessee, 

TNP (2,4,6 t r i n i  trophenyl) substituted erythrocytes will be prepared 

forexperiments measuring antibo ii y resgonscs and inhibit ion of tumor grokrth , respec- 

I 

-7 

In  th i s  assay spleen cell suspensions are 

Cells re- 

Details o f  t h i s  procedure are  describe: 

I 

i C0.iL' ! -  
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(b  1 
p- 

( a )  

J z L  jrbc m, 
I 

6-Cell donor 1-Ccll donor - 7 i  
i Step 1. 

i 

Step 2. Irradiation of  one population 
. .. 0 I I 

Step 3. 

. Step 4. 

950 rads 

24 Ws. 

TNP-Srbc 3 1  
1 6-8 days 

. .  - 
, -  1 I Step 5. Killed, assay for antibody forming c e l l s  to TNPn using 

TNP- Brbc. , .  
1 

I I .  

;S tep  1. Donor mice will be primed either i i t h  ( a )  .2 m l  o f  .5% v/v Srbc (Srbc= shiep 
'erythrocytes), the c a r r i e r n  or ( b )  w i t h  10 TNP-Crbc (Crbc= chicken erythrocytes), the 
'hapten, coupled t o  an immunogenic carr ier  which cross reacts only s l igh t ly  w i t h  Brbc 
'(Brbc = burro erythrocytes). In this way ce l l  populations from donor spleens can be 
,obtained i n  which (a )  T c e l l s  are primed against the car r ie r ,  b u t  B ce l l s  in the 
:suspension are not  primed t o  TNP, and ( b )  B ce l l s  are primed to TNP, b u t  T c e l l s  
(present are not primed t o  the t e s t  car r ie r  Brbc. 
I 
[Step 2. Primed T o r  8 cells will be irradiated w i t h  either p ions  or gama rays. 
! 
!Step 3. Irradiated cells will be combined w i t h  unirradiated suspensions i n  appropriate 
i numbers. 

Step 4. The f ina l  cell suspension w i l l  be injected,  together w i t h  TNP-Srbc into I syngeneic recipients  exposed 24 h r  previosly t o  950 rads; . 

,Step 5. Recipient mice w i l l  be k i l led ,  spleens surgically excised, c e l l s  suspended, 
and numbers of antibody forming ce l l s  a g a i n s t  TP:P enumerated by the method of Jerne. 
I 

b .. . - 
I -  
1 .  

L ' .  
:.; 

1 

I 

; I n i t i a l  experir;;ents w i l l  establish the relationship betmen cell  number and PFC re- 
!sponses for  the four cel l  popu la t ions  t o  be studied,namely (1 )  primed T ce l l s ,  ( 2 )  

C t . '  , .-; r, ____-__.  _.-.. -- - _  - . .  . t r  

L--. 3 ,- 
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u n p r i m d  T ~ e l l s , ~ ( 3 )  prin:ed E ce l l s ,  and ( 4 )  unprinied B ce l l s .  
procedure 50 x 10 
haptcn prised a i n a l s  vA11 hc ccmSSned, i n j e c t e d ,  challenqcd and assayed. 
numbers o f  C.S.  cat'rier prirzd c e l l s  i.:ill L.5 g i l : cn  t o  o t h ? r  groups o f  reci?ients,  t 3 -  
gether vri th tlic standard 1-13r~teii-pri;is.l inoculux. These d a t a  will be used t o  const.t-[ic; 
s tandaru cwves ag;inst which responses f o l  lcwing irradiation can be cozparsd t o  y i e l d  
s u r v i v i n g  fractions.  

AS a n  exarcple o f  : ! l is  
spleen ce l l s  fro;n carrie\.-priri;>d and an  equivalent nuiiber from 

Graded 

Carrier p r i m d  spleen ce l l s  will be harvested, i r radiated,  c0,zbic:L.r' 
TiiP-priced ce l l s ,  as outlined in the preceding diagran. i c r  

a typical radiation dose a t  l ea s t  tlirse docbling dilutions o f  t e s t  c e l l s  will bei-;clGiz! 

Experimental groups will  include the follotiing cel l  populations 
1 
1 

1. Irradiated carrier-primed + unirradiated T:!i'-primed 
2. 
3. Irradiated carrier-primed 
4.  Unirradiated UP-priced 

Group 1 is  experimental and as indicated above, will  include subsroups o f  graded 
Car ri er-pr imcd i noc u 1 a. 
Group 2 serves as positive control, i n  which responses are expected to  be optimal, 
a n d  to  agree w i t h  the previously determined standard curve. 

Groups 3 and 4 a re  neqstive controls indicatinp the degree o f  cross-reactivity bet:.reen 
carriers, and will be subtracted from experimental values. 

Unirradiated car-rier-primed + unirradiated TNP-primed 

1 

For PFC assay of recipient spleen c e l l s ,  the fo1lo.qing determinations will be made: 
1. TNP-Brbc 
2. Brbc 

Group 1 w i l l  measure antibody fonning  ce l l s  t o  TNP developed as  a consequence of T 
c e l l  - B cel l  interaction. 
'TNP and Brbc; tha t  value should be consistently zero 
I 
Primed B Cells. 
will be d one similarly t o  those described above f o r  primed T ce l l s ,  except that  hapten- 
primed spleen ce l l  population will be irradiated,  and will therefore be limiting to  the 
response. 
I 1 

Unprimed T and B Cells. For these experiments c e l l s  f r o m  wpnmcd donors will be used, 
Rogether w i t h  primed cells o f  the complementary ce l l  type. I f  necessary, T Cells k i f 1 1  
be obtained from secondary donors i n  the folloving way. Syngeneic recipients will 5e 

ki l led  on day 7,  and c e l l s  from these spleens, enriched f o r  T ce l l s  (58) will be 
'used. 
marrow c e l l s  into 950-rad irradiated recipients and harvesting spleens a t  day 4. 

Data Hand1 i n q  and Evaluation. 
,expected response values win be available; these values for a given cell  inoculum 
1 k I l l  be treated as*IlM% survival". Thus following irradiation of a ce l l  population 
;the resulting responses will be used t o  calculate surviving fractions. 
Of radiation dose, survival curves will be generated by computer, using a s tandard  
program inuse a t  th is  inst i tut ion.  From these s u r v i v a l  curves i t  w i l l  be possible 
.to compare parameters o f  radiosensit ivity (defined as  1 / D  ) as well a s  Dq ("quasi- 
3hreshold dose'' ). 
cells invo lved  i n  antibody responses will be obtained for gama rays, and bo th  peak 

Group 2 will indicate the level o f  cross-reactivity betk:een 

Experiments t o  assay responses o f  primed B c e l l s  a f t e r  irradiation 

. le thal ly  irradiated,  and  injected w i t h  50 x 10 6 thymus cells .  Recipients will be 

Likewise, populations enriched for  B ce l l s  can be obtained by injecting bone 

i I 

From standard curves generated as described above, 

As a function 

T h u s  a complete picture of differentia7 radiosensit ivity f o r  

pnd plateau pions 

1 - I - - .. 
10 
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Carlson, Dcn3 ld  E 

Cells i n  Tul.:pr Reiection. To cyan t i t a t e  t h t .  ro le  o f  inxur,e l y n p h o i d  ce l l s  i n  t!:c 
abrogation of tu;;or Crll'i$roV!th, t h o  t c c h : i I ; x  d i s c r i b c d  by I,:inri (57) v!i11 he ei:pI@;i!c!. 
This i n  v i vo  all-or-none t2ch:i:ql~e i s  fLr mr-c quzntifi351e t h a n  existin: -- ?!I -*-- vi.:-> 
cytotcxicity r;;?ths.Js t ! ;a t  r e s t  upon quant i  i a t i o n  - of b o t h  lymphoid ?ncf t!lizo,- ce I 1 5  
i n  culture, or release of radioactive 10Lc.l. I O  induce i m u n i t y  t o  the  t u m r ,  t h e  
method of  KrtieSer (54) will bc iiscd, i n  rkich rwlt ip lc  injections o f  ki l led  tL;iror 
c e l l s  will be injected i n t o  noma1 6zlb/c m i c e .  A t  Intervals to  be deterirtincd t r 2  
mice u i l l  be ki l lcd,  spleens reri:oved, c e l l s  suspended i n  Eisens "A" medium, pocjled, 
counted f o r  nuclcrizd c e l l s ,  placzd i n  the r a d i a t i o n  chamber and exposed t o  citi:c.r 
peal; or pls te tu  pioi ic, or t o  g a m a  rays, Following irradiation and removal o f  
ce l l s  from t h 2  chazber, ce l l s  will he recounted, the percent v iab i l i ty  will l e  
determined, and the desired c0ncentratiDn will be mixed  x i t h  t he  minimal ED 1C3/CC! 
o f  myelo:?a ce l l s ,  and injected subcutaneously i n t o  sublethally (650 rads)  i t-radicixd 
recipients.  Recipirilt nice will be observed daily for appearance o f  tunior Qrtxth. 
Animals i n  chich tumr growth dces n o t  occi'r will be scored positive for t l l z  presecce 
o f  a c r i t i c a l  number of  activated cytotoxic ce l l s  against plasmacytoma 1:1.3?C194. 

For a typical expcrimnt the following gmups will be included: 

-7 

7 .  
2. 
3. MOPC 104 + N o t h i n g  
4. MOPC 104 + IIormal Spleen Cells 

MC)PC 104 + Irradiated Inmune Spleen Cells 
HOPC 104 + Unirradiated Immune Spleen Cells 

Expected results a r e  as  follows: 
100% o f  recipients  are  expected to  show tumor outgrowth. Group 2 comprises t h e  
positive control i n  which no growth should occur. Group 1 i s  experimental, and 
will include a t  l e a s t  four doubling dilut ions o f  spleen cel ls .  

Groups 3 and 4 are negative controls, i n  which 

Preliminary experiments w i l l  establish the following baseline information: 

1. Minimal ED100/69 f o r  MOPC 104. The minimum number o f  plasmacytoma cells t h a t  
w t l l  produce tumor growth i n  100% of sublethally irradiated recipients,  will be 
determined by inject ing groups o f  20 mlce w i t h  doub l ing  dilutions of MOPC 104 cel ls ,  
and following recipients t o  observe tumor outgrowth over 60 days. The smallest 
inoculum yielding consistently 1002 tumor growth w i l l  be used as the s t a n d a r d  tunor  
cell dose. 

2. ED50 f o r  Abrogat ion  o f  Tumor Growth by Zmune Spleen Cells. Using the minimal 
ED]f0/60 determined as  described above, doubling concentrations o f  immune spleen 
ce s will be mixed w i t h  MOPC 104 ce l l s ,  injected into 450 rad irradiated recipients, 
and observed for tumor growth through 60 days. Results will be plotted on log -  
probit  p l o t s ,  and the ED50,60 determined by the method o f  Litchfield and Wilcoxon 

! 

(59). 

Once established, these parameters will be used to generate dose-survival curves 

3. To allege t h a t  abrogation o f  growth by immune syngeneic spleen cells i s  due t c  
T cel l  mediatedfirnction, i t  i s  necessary t o  confirm the  findings of Rouse, e t  a l .  
(35) t h a t  growth abrogation can be suppressed by exposure of spleen cel ls  t o  ant i -  
t he t a  serum. 

for imnune spleen ce l l  cytotoxicity as outlined. i 

i 

SurvivSng fractions a f t e r  e i t h e r  p ion  o r  gamma ray exposure will be calculated 
the ratios of ED50'3 f o r  unirradiated t o  irradiated irmune spleen ce l l s .  Dose 
survival curves will be generated by computer, us ing  a standard program i n  use 
t h i  s i nsti t u t i  on. . _ ^_ .  . - LI. . __-.- - --- ---. ~ - - 
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These centra1 pro’;ocols cczprise tkc prirzipzl b a s i s  f o r  r cgues t in~  funditq, a1 t!-a:n.::+ 
i t  is 1ikely t h a t  jddi t ionj l  experia2nts \ ; i l l  he carried o a t ,  such  as the foll@k!ii:,?. 

Characterization o f  rsdiosensi t is i ty  parar2 ters  for  t:CPC-lCS t o  b o t h  p?ak a n d  p l ? . t ? 3 ’ ~  
pions: \./hili? not necessarily uniquc i n  t i l e  cwt-dinatcd pi*c:l;?rspcutic picn prs;r?!li 
(60), in for r -J t ion  cn 3 E  vzlues f o r  p l a s z c , * t c  . z  rnipti t  b e a r  c l inical  irrp1icat:lcns. 
V i t h  EDs0, 
myelona c e f ? ~  are expssed t o  pions i n  o u r  cor.partnmtcd chanlber, will yield 
of survival curves for  pions. 

Effect o f  dose r a t e  on c e l l s  aediating grc;;th a b r o s a t i o n  o f  I3PC-104: Experiments 
i n  th is  lzboratory have addressed the question o f  the relat ive effects  of dose rzt? 
i n  caqbined radiu:n-cobal t t!ierapy, 2r,:lo~ous t o  cornLon t reatrent  for  carcinoza 
o f  the uterine cervix. 
this radiun-cc.bzlt nodel i t  r.:auld be interertina to compare the e f fec ts  of dose 
r a t e  on cel l  -3ediated cytotoxic ac t iv i ty  using the procedures descri b2d above. 

Because of the rcoderately l o n g - t e r m  nature o f  t h c  cell  -mediated cytctoxici t y  
experiments, a support period of a t  l eas t  three years i s  necessary. In order t o  
begin prelirninary experisents for b o t h  cel lular  and humoral response protocols ,  a 
funding  date of January 1 ,  I975 would be optinal . The present p ion  project will 
be funded  th rough  August  31, 1975, and  our work a t  LNiPF will proceed until t h a t  
date .  
L/V.IPF i n  September of 1975. 

In any event, experiments w i t h  pions are intended t o  begin toward the end of the 
f i rs t  award year. 
(60 days) responses a re  suf f ic ien t ly  different  t o  allow both areas t o  proceed 
concomitantly for preliminary as kiell as for  pion experiments. 

D. Siqnif icance: 

d;trt i n  hand for  I:3?C-lG4, a l in i ted ser ies  of  expcrirmts  i n  v!I;ich 
s e r i e s  

(E2suIts are  nov! i n  preparation for publication). Using 

Thus portions of t h e  prograin outlined i n  th i s  proposal could l i ke ly  begin a t  

The duration o f  expericents f o r  humoral (29 days) and ce l lu la r  

Experiments outlined i n  t h i s  proposal will provide information on the effects  of 
negative p i  mesons on lynpho id  cel l  populations tha t  participate i n  immune responses. 
Informatton on pion inactivetion D f  T and B c e l l  popula t ions  involved i n  antibody 
responses will  yield RBE values for  peak and plateau pions. For this new radio-  
therapeutic nodality, data on destruction o f  c e l l s  t h a t  mediate cytotoxici ty against 
tumor growth will r e l a t e  e f fec ts  of pions,  bo th  entering and a t  depth, t o  effects  
of conventional gama rays. These data may have cl inical  usefulness i n  evaluatina 
immune responses o f  patients undergoing radiotherapy w i t h  pfons by providing para-  
meters of radiosensi t ivi ty  f o r  inmunocompetent lymphocytes i n  the radiation f i e ld .  

! E. Fac i l i t i e s  Available: ; 

W i t h i n  the RadioloGy Department adequate laboratory, kitchen, and off ice  space i s  
available. 
mice are located near the  laboratoy. Fac i l i t i es  for  cleanin? and s te r i l i z ing  cages 
are provided by our Animal Care Unit. An i r radiat ion source (3700-Ci Cobalt-60) i s  
available;  dosimetric equipment and basic holders for  i r r a d i a t i n g  mice, microscopes, 
k u l t e t  Counter, centrifuges, water b a t h s ,  refrigerator and freezer space, and most , 

smaller items are  on hand, Capability f o r  handling data and s t a t i s t i ca l  evaluation 
will be provided through the Scient i f ic  Corcputer Center a t  this inst i tut ion.  

facilities a t  the LPJ-1PF s i t e  are  discussed i n  the  following section. 

. 

Animal quarters,  cages, etc., suff ic ient  to  house several hundred 

# 
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