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Abstract - Experiments outlined in t h i s  proposal are designed t o  provide pretherapautic 
radiobiologic  information on essential aspects  of stem cell i nac t iva t ion  by 
negative pion beams. Using an i n  v i t r o  r ad ia t ion  procedure, spleen ce l l  suspension 
vi11 then be cu l tu red  fn according t o  tvo cstabl lshcd assay procedures 
cu r ren t ly  being used by the  p r inc ipa l  
formation, and secondary antibody formation. 
cell i n a c t i v a t i o n  as a function of depth will be determined, RBE values for both 
p l a t eau  ana star regions will be determined, and a l s o  d i f f e r e n t i a l  dose-rate- 
dependent cel l  Inac t iva t ion  will be invest igated.  
will provide a por t ion  of the essential information that m u s t  be obtained before 
clinical t r ia l s  f o r  t r e a t i n g  human neoplasms by pion beams are begun. 

i nves t iga to r ,  v i z . ,  hematopoietic colony 
Prom the  proposed experiments, atem 

Results from these e x p e r b e n t s  

Beam Area, Channel - Area A and LEPC o r  biomedical area. 
- 

P.rticlc - A 

Energy - Variable b u t  about SO MeV. 

In t ens i ty  - As much as posslble.  

( Special  Beam Requirements - Beam spo t  size and Ap/p ca re fu l ly  controlled.  

Targets  - Luc i t e  sp l een  cell container. 

Time Requested - Inetall - 15 minutes 
Tuae - None 
Data - 30 hours (30 min, ZX/day, f o r  30 days). 

LAMPF Equipment Required - Standard dosimetric apparatus t o  be used fo r  therapy. 

Special Items o r  Ef fo r t  - Environmental con t ro l  may be a problem. 

Date when Ready - When beam is available. 

Previous Action by PAC - Committee suggested col laborat ion with LASL's E-Division 
to avoid anlmol t r anspor t  problem. 

Recornended Action by PAC - 30 hrs (7/71) 

Approved Action by Director  of LAMPF - Same 

( -F Equiyment - 
Items Available : 

Items t o  be Procured: Operations Cost - 
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SUMMARY OF EXPERIMENT 

Experiments outlined in this proposal are designed t o  provide pw- 
therapeutic radiobiologic infomation on essential aspects o f  stem cel l  
inactivation by negative pion beams. Using an i n  vitro radiation procedure, 
spleen cell suspension b t i l l  t h e n  be cultured i n  vivo according t o  two 
established assay procedures currently being used by the principal i n -  
vestigator, v i z . ,  hematopoietic colony formation, and secondary antibody 
format ion. 

L 

Fran the proposed experiments, stem cell inactivation as  a function 
of depth  will be determined, RBE values for both plateau and s t a r  regions 
will be determined, OER values will be determined, and a lso  differential  
dose-rate-dependent cell inacti vation will be investigated. 

Results from these experiments will pmvfde a portion o f  the essential 
information that  must be obtained before clinical  t r i a l s  for treating human 
neoplasms by pion beams are  begun. 
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Beam Area: Area A or 

Secondary Channel ( i f  L 
Beam Requirements : 

PROPOSAL I NFOW4ATI ON 

Radiobiology a n d  Therapy Research Building. 

knmm) : Unknown 

Type of Particle:  negative pion 

Momentun Range: 
Momentun Bite: 
Solid Angle: 
Spot Size: 
Emittance: 
In tensity : 
Beam Purity: 
Target(s): 

,?-L &+I# ..L +-€.s ,-- L -.L 
\d." .&A L & L L  - 

as defined by the pion therapy beam 

Primary Beam Requirements: only those requirements imposed on the therapy beam. 

Punning Time Required:  

Instal la t ion Time R e q u i r e d  (no beam): 15 m i n .  (includes time to  
remove apparatus a t  end o f  

L - x  Tune-up Beam (give intensity and hours needed): None / rr-+(ZLLt. 

run) 
z 4 - y  CrLeC 

- , + C ? a -  " u' .L 

Data Runs: 30 hours  Total Time ( i . e . ,  30 min. occupancy, twice daily, .-y 1 
total  o f  30 days. T h i s  estimate includes time for dosiinetryj 

i Schedul I ng : 

Realis t ic  date when User will have the non-LAMPF ap aratus read9: 

Information tha t  may affect scheduling: None 

Nhcn therapy beam i s  on the alr .  - E * a  1 * - fW ,\-A -5 

Major W I P F  Apparatus &qui red: None except standard dosimetric apparatus 
t o  be used for  therapy. A+ 4 G, 4 ? $ 3 I ~ . ,  it-- 

Shielding and Enclosures Required: None &, * W - . C '  

/' 4 I Special Services Required: Laboratory equipment w i t h  Coulter counter-ox a 

microscope and temporary space for  mouse cages. 

Space Required: insignificmt.  t A I  
* a+ 
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DETAILED STATEMENT OF THE EXPERIMENT 

AIM 
Before c t i n i c a l  work i s  undertaken, the d i s t r i b u t i o n  o f  n' meson dose 
n i t h  depth i n  t issue, o r  a t issue-equivalent absorber, must be detennined. 
Techniques must be used which are sensi t i v e  enough t o  dist inguish between 
absorbed dose along the entrance path o f  the pion beam, and the a n t i c i -  
pated higher absorbed dose i n  the  s t a r  region. It i s  the l a t t e r  region 
bhich must be regulated and expanded t o  encompass any neoplasm which i s  

t 

t o  be treated w i th  t h i s  modality. 
know how the Relat ive Biological  
Ratio (OER) change as a function 
l a r l y  near the junct ion between sta 

par t icu-  
LET region. 

We are proposing experiments designed t o  provide information f o r  depth dose 
d i s t r i bu t i on ,  t o  determine RBE values f o r  plateau and s t a r  regions, and 

Two establ ished methods w i l l  be used t o  measure rad iosens i t i v i t y  i n  terms 
of reproductive capacity o f  spleen ce l l s  i r rad ia ted  i n  v i t r o  but cut tured . - i n  vivo. 
m a y x o  change i n  proport ion t o  beam u t i l i z a t i o n  upstream. we propose t o  
invest igate the d i f f e r e n t i a l  e f fec ts  o f  dose rate i n  both the plateau and 
star regions. 

/;,--LL 
t o  determine OER values, f o r  negative pions a t  the Los Alamos f a c i l i t y .  

- 
.x q- 

Further, since the dose r a t e  w i l l  change w n h m d  size and 

4 METHOD OF STUDY +''# 

4 "eLw 
The c lass ica l  method o f  T i l l  and McCulloch (5) w i l l  be used t o  assay c e l l  
k i l l i n g  of splenic co lony- fon ing eel 1s; Makinodan's technique (6) o f  spleen 
c e l l  transfer w i l l  be used t o  determine c e l l  k i l l i n g  of secondary antibody- 
producing ce l l s .  
of ce l l s ,  we fee l  t ha t  our method w i l l  y i e l d  q u a n t i t a t i v e a o s s t r i b u t i o n  
measurements considerably more precise than could be obtained by i r r a d i a t i n g  
spleens i n  s i t u .  

Muter ia ls and Methods 

k e r l a n d  View Fawns, Cl inton, fehessee, w i l l  be used i n  a l l  experiments. 
This s t r a i n  i s  chosen because o f  i t s  low leve l  o f  natural hemolysins t o  
sheep erythrocyte antigens (7). Mice will  be kept i n  cages equipped w i t h  
f i l t e r  tops both before and a f t e r  experimental manipulation. Only mice 
between 12 and 16 weeks o f  age w i l l  be used. 

hti en_: Sheep erythrocytes f rom whole blood, obtained by venapuncture , w i l l  
d i l a b l e  from a sheep maintained by our Animal Care F a c i l i t y .  

Colony-forminq c e l l s :  The procedure o f  Till and McCulloch w i l l  be used (5). 
Nucleated spleen ce l ls ,  i r rad ia ted  i n  v i t r o  in  a manner described below, will 
be in jec ted  intravenously, a t  concentrations t o  be determined, i n t o  heavi ly 
i r r a d i a t e d  syngeneic rec ip ien t  mice. 
W j l 1  be removed, stained w i th  Bouins' solut ion and gross spleen colonies w i l l  

W- ( 

Although these procedures w i l l  involve i n  v i t r o  i r r a d i a t i o n  

ice:  Spemic-pathogen-free CD F (Balb/cXDBAZ)F1 male mice, purchased from 

-- 
A f t e r  9 o r  10 days rec ip ient  spleens 

( 

1 0 9 2 4 1 4  

4 
COPIED FOR 

HSPT 
00133287 005 

LANL 



* .  

-7, 

be enumerated ei ther  v l u L p l l y  or from s e r i m  ions examined micro- 
scopically according t o  Jenkins, e t  a l .  (8). 
Into cel l  type, e.g. erythropoietic, granulocytic, e tc . ,  may be done b u t  
i s  not central t o  objectives of this work.  

Antibody-forming cells : The spleen cell transfer technique o f  Makinodan 
(6) will be used for assaying radiosensi t i  vi  ty  o f  an ti body-forming cell  
precursors. 
sheep erythrocyte antigen four weeks ear l ie r  will be removed, cell suspen- 
sions wi l l  be made i n  mediun-199, counted, adjusted to appropriate 
concentrations, and irradiated as described below. Appropriate concentra- 
tions of ce l l s  will be intravenously injected into heavily irradiated mice 
followed by injection of + ml of 2 percent erythrocyte suspension. 
6 days mice will be killed by exsanguination, ind iv igua l  blood smples will 
be collected, sera w i l l  be removed and stored a t  -20 C u n t i l  antibody assay 
Antibody activity will be determined by making two-fold dilutions o f  serum 
In saline using microtiter diluters;  a standard concentration o f  sheep 
erythrocytes will be added, samples will be incubated for 4 hours a t  room 
temperature and r e a d  by macroscopic agglutination. 
of serum t h a t  exhibfts detectable agglutination for each sample wil l .  be 
taken as the end  p o i n t ,  defined as the antibody t i t e r .  

Classifications of colonies 

Spleens from mice t h a t  received a presensititing dose of 

After 

The highest d i l u t i o n  

Irradiation 
Coba‘lt-6Damma: As a reference i r r a d i a t i o n  for RBE determinations and for 
-irradiation 5- o recipient mice, a 3,000-Curie Theratron-80 Cobal t-60 source 
will be used. Recipients will receive l O G O  rads whole-body irradiation a t  

Ne ative ions: Normal donor mice and heavily irradiated recipients will  
h p h  to  the LAMPF’site; spleen cells will be exposed t o  pion beams. 
On the basis of recent estimates (3) we are assuning a pion dose rate o f  
~ 2 5  rads per minute. 

S leen cel l  irradiation: A lucite container w i t h  inside dimensions s3 an 
h y - m  deep by 30 cm long will be constructed w i t h  partitions o f  
millipore material every 2 mn perpendicular to  the long axis o f  the container. 
The container will be equipped w i t h  f i t t i n g s  so that  e i ther  a i r ,  oxygen , 
o r  nitrogen can be bubbled through each chamber. A known concentration o f  
spleen cel ls  i n  medim-199 will be placed i n  each chamber imnediately 
before irradiation; the long a x i s  o f  the container will be placed parallel 
w i t h  the radiation. Imnediately a f te r  irradiation spleen cells from each 
compartment will be withdrawn w i t h  a syringe and injected i n t o  the previously 
irradiated recipients. Small a l iquots  o f  cel ls  will be taken to determine 
the fraction o f  viable cells by Eosin exclusion. 

By p a r t i t i o n i n g  the chamber, i t  will be possible to  determine responses& 
ce l l s  as a function of beam depth ( to  w i t h i n  2 n) from the p o i n t  of entrance 
throughout the plateau, star region, and beyond. 
us t o  measure the OER as a function of depth, and t o  provide values for 
determining RBE also as a function of depth. 

- 

80 rads per minute. Spleen cells will be irradiated as  described la te r .  - 7  
d (4 ‘++kA~ \ : CObb--&..4 L L L L  r i - c T - d  4. 

Further, this will enable 
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/” 
An t i  gcn 

1000 rads 

1 
An t i  gen 

6 1 days 

D 
An ti body Assay 

I 

1 

Colony Count 

1000 rads 

Experimentat Protocol 

[rG;;n;w : For the antfbody-fonning-cell expcrlments a linear relationship 

unfrradlated cells. 
o f  viable cells i n  any frradfated cell population can be detennjned. 

Lfkewise, a linear relationship between the nunber of spleen colonies and 
Inoculum size for unirradiated colony-forming cells wfll be determined. 
w i l l  become the reference function for  determlning fractfona! survfval i n  
each subsequent frradiation experimnt. 

e spleen cell dose and antibody t i ters  will be established for 
Fm this reference lfne a value for the effective nunber 

This 
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Ex erimental' 
-'Survival curves, where l o g l o  o f  the surviving f rac t ion  o f  
cel ls  (S) i s  plotted against radiat on dose, will be detennined us:'ng 
gama rays, for both anti body-forning :el Is and colony-forming cel Is 
irradiated i n  e i ther  20 percent oxygen-80 percent nitrogen, 100 percent 
oxygen or 100 percent nitrogen environments. These curves will provide 
eference parameters for comparison w i t h  negative pion irradiation. 

Negative pions: For 9- meson irradiation an RBE of  52.5 will  i n i t i a l l y  
be assuned for the star region, w i t h  respect to CQ-60 gama rays. Spleen 
cel ls  will be placed i n  the irradiation chamber, positioned w i t h  the long 
8x1s parallel t o  the pion bean, and exposed t o  doses expected t o  f a l l  on 
the exponential portion o f  the survival  curve, 
of ce l l s  from each chamber will be injected into recipients as described 
before, and assayed as described. 
oxygen, nitrogen, or air-equivalent environmnts as above. T h u s ,  i t  will 
be possible to  determine ( 1 )  dose distribution as a function o f  depth, 
(2)  RBE for  the plateau and s ta r  re ions, 

L 

Appropriate concentrations 

Cells will be irradiated i n  ei ther 

(3) OER for b o t h  regions, 
and (4 )  dose-rate dependence as f o l  9 ows: 

(1) Dose Distribution. 
each 2 nun increment o f  depth, fractional cell survival as a function of  
distance will be determined using reference functions previously constructed. 
With  %SO MeV pions, S values can be determined for cell  compartnients b o t h  
a t  the proximal and distal edges of the star region. A typical experiment 
is expected to  yield results such as  are sketched below. 

By assaying cells from each compartment, i .e.,  

f 

I 
Percent 
Survival 

e * 
I 

I 
I 
I 
I 
I 
t 
I 1 

I I I 

* 
I I 
I I 
$ I 

b I '. 
Depth 

(2 )  RBE: From S values an the plateau and star regions for a particular 
t pion rad dose, RBE will be determined as: V &  & 1213 € L X  c c h * / -  

+ &r; ' 
S( amma ra e e q .  200 rads) - RBE P;IE 

+ 4 mi=;'&,..:\ ,d- 
3*:.g. 200 rads 1 M 4 . c  &d--*+ &+* 

Obviously, accurate RBE values must be derived from the exponential portion 
o f  the gama-ray su rv iva l  curve. 

COPlEO FOR 
HSPT 

7 

1 0 9 2 4 1 7  

001332B70OB 



. 

I (3) OER: Since dose distribution will not change as a function of 
oxygenation or  anoxia, only chambers corresponding to the mid-plateau, 

with culture medium. 
ments will reveal the maximum OER, thus, the DER will be calculated for 
the three zones as: 

nid-star regions and the plateau-star-reqion border will be f i l l ed  I 

Conparison o f  h'chly oqqenated and anoxic environ- I 

s(looz N2) = OER S L  
S(IIMYD2. . .  

(4 )  Dose Rate: The question of differential 

formation preJiously established we will determine dose-rate dependent 

tlon will be investigated by exposing cell  suspensions t o  a broad range 
o f  dose rates as defined by the pion therapy beam. 

lnactfvation for  the same three depth regions as proposed for the OER 
determinations. 
i n  the plateau region, b u t  somewhat less differentially demonstrable a t  
depths corresponding to s t a r  production. 

f inal ly ,  we w i l l  determine the Do of colony formation and antibody response 
by constructing survival curves. 
a t  dose increments from s25 rads to  an appropriate maximun dose. 
previously described, responses will be expressed as log10 S as a function 
of rad dose for both oxygenated and anoxic cells.  

Using depth-dose i n -  
I 

We expect t h a t  dose rate dependence will be significant I 
I 

Spleen cells I n  culture will be irradiated 
As 

(r' SIGNIFICAIJCE OF RESEARCH 

Work outlined i n  this proposal will yield important radiobiologic fnformat ion  
on the effects  of negative pion i r r a d i a t i o n  on t w o  different cell populations 
nithjn the same organ. Our data w i l l  permit evaluation of dose distribution, 
RBE and OER for  pion beans i n  material approxlmating soft tissue. The assay 
systems have been established as valid measures o f  radiosensitivity, and 
are analogous t o  clinical therapy i n  t h a t  the end po in t s  measure the wpro- 
ductive capacity of cel?s. Data from studies such as these must be available 
for necessary evaluation before clinical t r fa l s  for hman treatment are begun. 
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RELEVENT WORK DONE BY OTHERS '- Negative pi  mesons (pions o r  mesons) are negatively charged e l m n t a r y  
par t ic les,  wfp a mass 273 t i m e s  tha t  o f  an electron, and a mean l i f e  of 
about 2 x 10' seconds, Or ig ina l ly  predicted theoret ical ly,  charged mesons 
were f i r s t  observed i n  1947 i n  cosmic i r r a d i a t i o n  (1). Although negative 
pions can be produced i n  any nuclear interact ion (providing the energy of 
the primary p a r t i c l e  i s  s u f f i c i e n t ) ,  they a m  produced abundantly when an 
accelerated proton b e a  s t r ikes a beryl l ium target. 

f 

Supported by calculat ions re la t i ng  t o  the characterist ics o f  energy 
d i s t r i b u t i o n  i n  tissue-equivalent materiat , Fowler and Perkins proposed 
the p o s s i b i l i t y  o f  using negative pions f o r  human cancer therapy (2.). 
There i s  now general agrtement that  negative pions may provide an important 
method f o r  t reat ing hunan tumors, based on t h e i r  physical properties. I n  
t issue-equivalent material,  1- mesons wi th  energies o f  -25 MeV o r  greater 
have a long mean-free path f o r  nuclear co l l i s i ons  and almost always come 
t o  r e s t  before undergoing nuclear interact ion.  Thus, as n- mesons pass 
through tissue-equivalent mediun, the dose increases slowly wfth depth, 
producing a Bragg peak near the end o f  the range. The IT- mesons a t  res t  
are  then captured i n  an outer o r b i t  of a heavy atom, e.g., carbon, nlbrogen 
o r  oxygen i n  tissue, replacing an electron i n  that  atan. Withln 10- 
seconds the n' meson cascades down f rom one o r b i t  t o  the next, causing 
emiss4on o f  low-energy X-rays, and f i n a l l y  c m s  t o - e s t  i n  the lowest o r b i t  
of the capturing atom. The wave functions o f  the n meson and nucleus 
overlap, and the negative pion i s  thus captured by the nucleus, which then 
disintegrates i n t o  smaller fragments consist ing o f  short-range heavi ly 
ion iz ing fragments and neutrons. The burst o f  par t icu la te energy formed 
by the exploding nucleus i s  termed s t a r  formation. 
t h a t  f o r  a n- meson ( res t  mass % 140 MeV) captured by oxygen, about 40 MeV 
i s  expended i n  overcoming the binding energy o f  t h e  nucleus, 70 MeV is 
ca r r i ed  o f f  by neutrons and about 30 MeV appears i n  the form o f  pmtons, 
alpha p a r t i c l e s  and heavier ions ( 3 ) .  Part ic les wi th charge greater than 1 
a r e  mainly short-range, High-LET part ic les,  and produce local  high energy 
deposition i n  the imnediate v i c i n i t y  of capture. By adjusting the energy of 
the pions, t h i s  region o f  high LET, high RBE loca l  radiat ion can be deposited 
a t  varying depths, and unique deposition o f  r a d l a t i m  wi th in  a tumor mass 
can be achieved, themfore, w i th  concomitant sparing o f  surrounding tissue. 
Calculations by Fowler (3 )  and measurements by Richman, e t  a l .  (4) and Curtis 
and Raju (5) show tha t  a t  the end o f  the n- meson path length (the mgion 
of the s t a r  production about three times as much energy per u n i t  path length 
i s  deposited as a long the i n i t i a l  plateau. 

I n  s o f t  t issue, i .e. , free o f  bone, the frequency o f  U- meson capture by 
elements present i s  expected t o  be 73 percent i n  oxygen, 20 percent i n  carbon, 
and 3 percent i n  nitrogen, leaving about 4 percent captured In  heavier elements 
(6). 
i n  tissue. 

Fowler has calculated 

This d i s t r i bu t i on  fol lows closely the re la t i ve  abundance o f  these atoms 
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Ncgatfve pions may also be captured by hydrogen, fonning neutral p i  mesons 
which di f fuse through the medium and ei ther  decay t o  two gama rays (1) 
or  beconie transferred t o  nuclei causing nuclear disintegration. 

In an e f f o r t  t o  determine important rsdiobioloqical parameters such as RBE 
and OER for ~ i -  mesons i n  the plateau and s ta r  regions, several workers have 
used the Berkeley 184 inch syncyclotron. T h i s  fac i l i ty  i s ,  to da e ,  the 

per second are produced, which, depending on the bean s ize ,  is  from 5 to  30 
rads per hour. Although the Berkeley pion beam is contaminated w i t h  25 
percent electrons and 10 perrent negative mu mesons (expressed as percent 
o f  total  par t ic les) ,  and the dose rate i s  quite low, work sunmarized below 
constitutes the b u l k  of our present knowledge of  the effects of n- mesons 
i n  biological systems. 

Feola, e t  a l .  (7,8) measured the proliferative capacity of either two-day-old 
o r  five-day-old ascites tunor cells irradiated i n  v i v o  i n  mice. Tumor- 
bearing donor mice were killed a f te r  i r r a d i a t i o r a ? i ? % n o r  cells were injected 
i n t o  noma1 syngeneic recipients; mice were evaluated a t  8 weeks for presence 
of tumors. 

most intense source o f  low energy P- mesons; a t  peak operation 10 i plons 

In these experiments, usin Co-60_gap?a rays as a reference i r -  
radiation. an RBE value o f  5.4 f 8 c-91- was ca culated f o f i - - m % n i i n f h F s t a l T  L.-J& 
region. They suggested t h a t  the h i g h  RBE was probably due t o  repair a t  the 
low gama ray dose rate o f  5 radlhour. Throughout the p l a t e a u  region, however, 
the RBE appeared to be very close t o  1. 

toughman, e t  a l .  (9)  examined tumor cells for polyploidy that had received 
from 50 t o  351 rads, from mice of the preceding experimental series. 
the plateau region an RBE of 1 was reported; i n  the s ta r  region the RBE was 
2.15. The RBE for stars only, im the Bragg peak region was estimated t o  be 
3.64, a suggested upper limit for polyploidy induction by n' mesons. . 
RSchman, e t  a l . ,  (10) reported a peak-to-plateau r a t i o  o f  about  2.4  for 
production of abnormal anaphases i n  roots of the bean Vicia faba.  
they found an oxygen enhancement ratio (OER) of 1.35 i- star region, which 
can be canpared t o  a value approximating 2 for radiat ions such as Co-60 
gama rays a t  corresponding dose rates. Since the OER depends upon dose rate 
a t  room temperature, they repeated the experiments a t  4OC, found an O E R o f  1.5, 
a@ suggested t h a t  t h i s  value may be closer t o  t h a t  expected from an acute 
'I meson dose rate. 

For 

Further, 

1 

Raju and Richman (6)  vported preliminary results us ing  cultured human kidney 
T-1 cel ls .  
i n  l i q u i d  nitrogen. B u r k i ,  e t  a l .  have shown that frozen cells exhibit no 
dose-rate dependence (11). 

Preliminary resul ts o f  experiments measuring reverse mutations i n  Saccharom,vces 
cerevisiae 2-34 st rain o f  yeast were also reported by Raju and Richman (6). 
'These studies indicated an RBE of 1.18, an OER of 1.5 to  1.9 for the system. 
Cobalt-60 gamma rays yjelded an OER of 2.5.  

The RBE appeared t o  be near 2 w i t h  ce l l s  irradiated while frozen 

These studies, while not definitively appticable t o  h i g h  dose-rate n- meson 
work, do present guidelines for designing experiments for the Los Alarnos 
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meson Physics Facility. We expect t o , f i n d  RBE values approximating 2 i n  
the star region, compared to Cobalt-60 gama  rays, and approximately 1 i n  
the plateau. The effect  of oxygen i s  expected t o  be no greater t h a n  2,  
probably nearer t o  1.5. These values a* i n  keeping w i t h  theoretical calcu- 
la t ions of Curtis (12). 

Technfques t o  be used i n  the work pro osed a r e  otraightfomard and  established. 
The technique for measuring the viabi  P i t y  o f  I r r a d i a t e d  hemopoietic stem 
ce l l s  was introduced by T i l l  and McCulloch (13), who showed t h a t  the nunber 
o f  spleen colonies observed af te r  9 or 10 days i n  heavily irradiated mice is 
linear w i t h  the nunber of nucleated bone marrow cells injected. 
assuming that  the inverse Elationship holds, i .e. ,  that  t h e  nunber of 
colonies observed from a population of irradiated cells i s  a linear func t ion  
of the nunber of viable colony-fonnin cel ls ,  they constructed x-ray survival 

ce l l s  irradjated i n  vivo was 115 f 8 rads using Co-60 g d a  rays. 
they reported a sngm lawer Do value o f  95 f 9 rads for the colony forming 
abi l i ty  of marrow cel ls  irradiated i n  v i t r o  (14). Histologic examination o f  
spleen nodules revealed that they cKsisted o f  rapidly proliferating hemato- 
poietic tissue (13). 

D i r e c t  evidence t h a t  spleen colonies are clones, i .e . ,  that  each arises by 
proliferation from a single ce l l ,  was presented by Becrer, e t  a l .  (15).  They 
irradiated mice to a dose of 250 rads, transplanted 70 nucleated bone marrow 
cells.  then exposed recipient mice t o  an additional 650 rads i n  two fractions. 
Based on the observations that hemopoietic repopulation i n  irradiated mice 
could be accomplished by few ce l l s ,  and t h a t  cell clones originating f r o m  
these few cells often had abnormal karyotypes, they reasoned t h a t  i f  a spleen 
colony develops fran a single cell w i t h  abnormal karyotype then all cells of 
the colony would carry the same abnormality. I f  two or more cells produced a 
colony, the karyovpes o f  ce l l s  present were expected t o  be different sfnce 
the probability of inducing identical chromosomal abnonnalities i n  two or 
more cells i s  very small. By examining abnormal karyotypes of 70 or 100 cells 
each from 4 different colonies, they showed t h a t  95 t o  99 percent of the cells 
contained a t  least  one marker characteristic of each colony. Subsequent 
confirmation of these results has been reported (16, 17) .  

On the basis of these results we will assume that  spleen colonies observed 
n?sult fran proliferatSon of single transplanted cells t h a t  lodge i n  recipient 
spleens. 

Siminovitch e t  a l .  (18) suggested a method for detcrmining the fraction of 
injec$ed colony-fonning ce l l s  t h a t  lodge i n  ind iv idua l  spleens ( f ) .  
transplanted known numbers of  nucleated marrow cells to  heavily irradiated 
primary recipients, t h e n  rrnoved spleens from a group of recipients a f te r  2 
hours and transplanted nucleated cells t o  a second group of  irradiated mice. 
After 9 days the nunberd spleen colonies was determined in the secondary 
recipients, which provided an estimate for the nunber o f  colony forming cells 
present i n  the spleens of primary recipients. Since thc iiuiiber of cells 
in i t ia l ly  injected was k n m ,  the fraction o f  colony forming cells residing 
i n  the primary recipients' spleens could be calculated. They reported a 
mean value o f  0.17 for this fraction. 

,( 

Thus, by 

curves t h a t  resembled typical cell cu P ture curves. The D for colony forming 
Subsequently 

c- 

They 

(- 
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. .  

for  measuring values f o r  f. We feel ,  however, that  this difficulty should  
not ellininate our choide of method for determinfng effects o f  cell k i l l i n g  
by C mesons, Values t o  be detennined for S, the s u r v i v i n g  f r a c t i o n ,  w i l l  
be expressed i n  terns of colonies observed as a function of the nucleated 

13 COPIED FOR 
HSPEl33287 014 



Although the localized hemolysin i n  gel technique of Jcmc ( 2 9 )  w i t h  modi- 
ficatlons of Wortis and Dresser (30) pennits actual cnmratlon o f  splenic 
antibody-forming cel ls  In irradiated spleen-cell recipfents, we feel t h a t  
the imnense mount of time Tequired t o  assay 200 or more mice a t  one time 
(the rosult of one typical R- -ton experiment) the additional equipment 
and manpower that would be requlred are n o t  justified. 
assaying humoral antibody activity the rzesponses o f  a l l  s i tes  of imnune cell 
localization and antibody productfon can be accounted for. 

Furthenore, by 

14 

COPIED FOR 
HSPT 

00133267015 



BIBLIOGRAPHY 

1. Weldner, R.T. and R.L. Sells, 1960. ELEMENTARY MODEM PHYSICS. 
A1 l y n  and Bacon, Inc. , Boston , Mass. , p 407. 

2. Fowler, P’.H. and D.H. Perkins, 1961. The p o s s i b i l i t y  of thera- 
peut ic  appl icatfons o f  beams o f  negatfve n- mesons. 

< 
Nature 189: 

524-528. 

3. Farler, P.H., 1965. 1964 Rutherford Memorial Lecture: mesons 

4. 

versus cancer? Proc. Phys. SOC. &:1051-1066. 

Richman, C. , H. Actto, Jr., M.R. Raju and B. Schwartz, 1966. 
The radiotherapeutic p o s s i b i l f t f e s  o f  negatlve pions - Preliminary 
physical experiments. Am. J. Roentg. - 96:777-790. 

Curt is, S.B. and M.R. Raju, 1968. A calculat fon o f  the  physical 
charac ter is t fcs  o f  negative p ion  beans - energy -loss d ls t r fbu t i on  
and Bragg curves. Rad. Res. =:239-255. 

6. Raju, M.R. and C. Richan, 1969. Physical and radiobfological 
aspects o f  negative pions with reference t o  radiotherapy. X I I t h  
Internat ional  Congress o f  Radiology, Tokyo, Japan, Oct. 6-11, 
1969. (Selected f o r  publ icat ion i n  RADIOLOGY OF CANCER, Gann 
Monograph No. 9). 

5. 

I 7. Feola, J.M., C. Richman, M.R. Raju, S.8. C u r t l s  and J.H. Lawrence, 
1968. E f fec t  o f  ne ta t l ve  pions on the p r o l i f e r a t i v e  capacity of 
ascites tunor c e l l s  (lymphoma) -- i n  vivo. 

8. Feola, J.M., M.R. Raju, C. Richman and J.H. Lawrence, 1968. 
The RBE o f  negative pions i n  2-day o ld  ascites tunom. Semiannual 
Report, Biology and Medicine, Donner Laboratory and Lawrence 
Radiation laboratory Report , UCRL-18793:105-112. 

Loughman, W.D., J.M. Feola, M . R .  Raju, and H.S. Winchell, 1968. 
RBE o f  n- beams I n  the Bragg peak region determined wfth polyploidy 
induct ion i n  mmmalian c e l l s  i r rad ia ted  -- i n  vivo. 

Rad. Res. - 34:70-77. 

9. 

Rad. Res. 2:56-69. 

I 

10. Richman, S.P., C. R ichan,  M.R. Raju and B. Schwartz, 1967. 
Studies o f  V ic fa  faba root meristems i r rad ia ted  w i th  a n- meson beam. 
Rad. Res. S s p - 1 8 9 .  

11. Burki,  H.J., B.W. Bartndsen, M . R .  Raju, N.M. hner and S.B. Curtls, 
1969. A method t o  &tennine the acute radfat ion m p m s e  o f  
hunan c e l l s  t o  R mesons. Semiannual Report, Biology and Medfcfne, 
Donner Laboratory and Lawrence Radiatfon Laboratory Report, UCRL- 
18793. 100-104. 

12. Curt is,  S.B., 1969. In Proceedings of the Thi rd  LAMPF Users Met ing ,  
Boulder, Colorado, October 29, 1969 (com3fled by Lewls Agnew]. 
LA-4397-MS. UC-34, PhySlCS TIC-4500, p .  44. 

i 

COPIED FOR 
HSPT 

I O 9 2 4 8 5  

00133287 016 

LANL. 



r(,- 
13. T i l l ,  3.E. and E.A. McCulloch, 1961. A direct measurement of 

the radiation sensltlvity o f  normal mouse bone marrow cells.  

14. McCulloch, E.A. and J.E. T i l l ,  1962. The sensitivity o f  cells 
form noma1 mouse bone marrow t o  gama radiation i n  v i t r o  and -- i n  vivo. 

demstration of the clonal nature of spletn colonies derived 
from transplanted mouse marrow cells. Nature 197: 452-454. 
Fowler, J.H., A.M. Mu, J.E. T i l l ,  E.A. KcCulloch and L. Siminovitch, 
1967. 
J. Cell Physlol. a : 6 5 - 7 2 .  

17. Mu, A.M., J.E. T i l l ,  L. Siminovitch, and E.A. McCulooch, 1967. 
A cytological study o f  the capacity for differenthation o f  
nonnal hrmopoletic colony-forming cells. 

-_ Rad. Res. fi:233-222. 

Rad. Res. l6;822-832. 

15. Becker, A.J., E.A. McCBlloch, and J.E. T i l l ,  1963. Cytological 

16. 
The cellular caposition of hemopoietic spleen colonies. 

3. Cell. Physiol. 69: 
177-184. 

18. Siminovitch, 1.. E.A. McCulloch, and J.E. T i l l ,  1963. The 
d is t r ibu t ion  of colony-forming cel ls  among spleen colonies. 
Cell. Physiol. g:327-336. 

19. Kretchmar, A.1. and W.R. Conowr, 1969. Calony-fonning cells i n  
the spleen. Transplantation 8:576-581. 

J. 

f 

20. Carlson, D.E., personal observation 

21. Nakinodan, T. , ,EA. Perklns, I.C. Shekarchl and N. Gengozian, 1960. 
Mechanisms o f  antibody formation, Proceedings o f  a symposlun. 
Publishing House of the Czechoslovak Acadcw o f  Science, Prague. p. 182. 

22. Makinodan, f., M.A. Kartenbaum, and W.J. Peterson, 1962. Radio- 
sensit ivity o f  spleen cells fran nonnal and preimnunized mice and 
its significance to in tac t  animals. 

effect: Action upon the primary imnune response i n  mice. Rad. Res. - 35:572. 

24. Mitchell, G.F. land J.F.A.P. Miller, 7968. Cell-to-cell interaction 
i n  the frmurne nspmse. XI. The source of hanolysin-foning cells 
i n  i r rad ia ted  l i ce  given bone marrow and thymus or  thoracic duct 
lymphocytes. J. Exp. Med. =:821-837. 

required for the induction of the primary imnune response i n  v i t r o .  
Pmc. Nat. Aca. Sci. 2:542-547. 

J. Imnunol. g:31-37. 

23. Carlson, D.E. and 4. Gengozian, 1968. The radiation exposure-rate 

25. Mosier, D.E., and L.W. Coppleson, 1968. A three-cell interaction 

COPIED FOR . 
HSPT 16 

00133287 017 



26. falmadge, D.W., 3. Radovttch and H. Henmingsen, 1969'. Cell 
Interaction i n  antlbody synthesis. 3. Allergy - 43: 323-335. 

27. Groves, D . L . ,  W.E. Lever, and 7, Makinadan, 1970. A model for 
the interaction o f  cel l  types i n  the generation of  hemolytic 
plaque-fonnlng cel ls .  J. Imnunol. - 104:148-165. 

Roseman, J.M. ,  F.W. F i t c h  and D.A. Rowley, 1969. 
required for  the prfmary imnune response i n  vitro. 
sensitive population. Fed. Proc. 28:814. 

29. Jerne, N.K., A.A. Nordin and C. Henery, 1963. 
technique for recognizing antibody-producfng cel ls .  In CELL 
BOUND ANTIBODIES. B. Amos and H. Kopmski, edi tors .  Wistar 
Ins t i tu te  Press, Philadelphia, p. 109. 

to detect ce l l s  producing antibody w i t h  low hemolytic efficlency. 
Nature  - 208:859. 

c 
28. Cell populations 

I. A radio- 

The agar plaque 

30. Dresser, D.U. and H.H. Wortfs,  1965. Use o f  an anttqlobulin serum 

f 

COPIED FOR 
HSPT 

00133287018 

1 0 9 2 4 8 7  



1 

PREVIOUS WORK ACCOMPLISHED RELEVANT TU THIS PfjOWSAL 
b 

Work of the pr inc ipa l  invest igator has mainly been involved wi th  ef fects  
o f  ion iz ing radiati 'ons on immune responses. The homograft response follow- 
ing  bone marrow transplantat ion has been studied fran two points o f  view. 
Lethal ly  i r rad ia ted  ra ts  were in jected with e i t h e r  syngeneic or allogenelc 
bone mrrow from donors o f  d i f f e r e n t  C/D antigenic phenotype. Since these 
antigens are agglutinable i n  sal ine, d i f f e r e n t i a l  agglut jnation of c i r cu la t i ng  
erythrocytes a f t e r  Fe-59 uptake , and spectrophotometric hemoglobin deter- 
mination enabled us t o  determine erythropoiet ic rates o f  both donor and host 
components i n  rad iat ion chimeras (1 ). 

Exposure-rate dependence o f  homograft supprtssion was studied i n  mice exposed 
t o  l e t h a l  gama i r r a d i a t i o n  a t  rates between 4 R/min and 53 R/min. 
mice that received e i the r  r a t  o r  foreign mouse bone marrow transfusions, 
were assayed according t o  30-day morta l i ty ,  prtsence o r  Cbsence o f  donor-type 
erythrocytes i n  peripheral c i rcu la t ion,  and prcsence o r  absence o f  foreign 
( r a t )  granulocytes i n  marrow and spleen by alkal ine phosphatase staining. By 
these three measures o f  t ransplantabi l i ty ,  we showed tha t  marrow graf t ing 
was m o e  successful a f t e r  le tha l  i r r a d i a t i o n  a t  a high r i t e ,  i.e., 53 R/min, than 
the same t o t a l  exposure administered a t  4 R/min o r  20 R/min (2,3). These 
data demonstrated t h a t  rad iat ion a t  the high r a t e  depressed the hanograft 
response t o  a greater extent than d id  radiat ion a t  l m r  rates, therefore 
f a c i  1 I t a t i n g  successful marrow transplantat ion i n  the  high-rate experiments 
leading t o  an increased proport ion o f  donor-type c e l l s  i n  c i rcu la t ion i n  
hematopoietic tissues, and greater 30-day survival.  Since d i f fe ren t ia l  imune 
suppression occurred a t  le tha l  radiat ion levels, we suggested t h a t  radiat ion 
mor ta l i t y  p e r  se i s  not a measure of imnune incompetence (4,s). 

I n  view o f  the damonstrated exposure-rate dependence o f  homograft imnunity, we 
studied the ef fects  of exposure rate on humoral antibody formation t o  sheep 
erythrocyte antigens (6). Mice were exposed t o  gamna rays from 200 R t o  the 
25 percent le tha l  exposures using rates f ran 8 R/min to  72 R/min. Exposure- 
rate-dependent antibody a c t i v i t y ,  observed over a 35-day tes t  period, varied 
w i th  the t o t a l  rad iat ion exposure, antigen dose, and the time d i f fe ren t ia l  
betmen antigen i n j e c t i o n  and radiat ion exposure. Maximum exposure-rate- 
dependent antibody formation occurred when 700 R was given 12 hours a f t e r  
antigen administration; responses o f  mice exposed a t  8 R/min were 64 times 
greater than those exposed a t  40 R/min o r  70 R/min (7). 

Further, we compared the ro le  of exposure rate f o r  antibody depression t o  i t s  
r o l e  i n  d i f ferent ia l  30-day mor ta l i t y  f o r  the same mouse strain.  Thirty-day 
mor ta l i t y  was in terpreted as re f l ec t i ng  p r inc ipa l l y  hemopoietic death since 
mice were f ree o f  Salmonella and Pseudomonas spp. and deaths occurred on or  
af ter  the n in th  post - i r rad iat ion day. Exposure rates between 4 Wmin and 40 
R h i n  were highly d i f f e r e n t i a l l y  suppressive t o  antibody fonnation, however, 
t h i s  same range o f  rates only s l i g h t l y  al tered m o r t a l i t y .  Mor ta l i t y  increased 
t o  a greater extent a f t e r  exposure t o  rates above 40 R/min, while antibody 
f o n a t i o n  was depressed only s l i g h t l y  more by exposure rates between 40 R/min 
and 100 R/mfn. On the basis of these data we suggested tha t  c e l l s  responsible 
for  post - i r rad iat ion recovery and survival  were sensit ive t o  d i f f e ren t  ex- 
posurerates from those c e l l s  i nvo l ved  i n  antibody formation (8). 

I r radiated 

(- 
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The p o s s i b i l i t y  t ha t  in te rac t ing  ce l l s  involved i n  t h e  prlmary lmnune response 
t o  sheep erythrocytes may possess d i f f e r e n t  radiat ion-rate scns i t fv f tes i s  
current ly  under investigation. 
body-fonning-cell precursor capartment derived f r o m  bone marrow f s highly 
exposure-rate dependent. This observation has l e d  us t o  question whether 
d i f f e ren t  populations o f  ce l l s  fran the bone marrow are affected d i f f e ren t l y  
by rad iat ion rate. Preliminary studies have been designed t o  canpare the 
exposure-rate s e n s i t i v i t y  o f  bone-marrow-derived antibody-forming -ce l l  
precursors w i th  bone-marrowlderived colony-forming cells, Our resul ts  t o  date 

. suggest tha t  these two a c t i v i t i e s  are no t  equal t y  exposure-rate dependent. 

While previous and current work has no t  involved RBE and OER detenninatfons, 
i t  has, however, involved a ra ther  thorough understanding o f  techniques b be 
employed i n  achievtng the objectives o f  research out l ined i n  t h i s  proposal. 

c 
Pretiminary resul ts  ind icate that  the ant i -  
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EXTENT OF PARTICIPATION 

Experimental work per se will be carrfcd out by D.E. Carslon, principal 
fnvestigator, with hfs technlcal personnel. F.J. Bontc will be consul tcd 
regardlng explicit experfmentat deslgn and the subsequent evaluation of 
data.  J.E. h d e y  wfll act as physfcal consultant to the project,  will 
assist  i n  design and fabricatfon of apparatus, and w i l l  be available t o  
perform any necessary physf cal measurements. 

FINANCIAL SUPPORT 

Funds have been requested for t h i s  project fm the kncrican Cancer Society. 

Backup funds are available, 
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