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Req~ltOment8 for t. 
Survival of Synchronized Cultured Human 

Kidney T-1 Cells Exposed to  Stopping 

Pions and X Ray8 a t  Various Times after Mitosis 

Primary Beam: protons 

Secondary Beam: negative pions 

Beam line: biomedical pion channel 

Hoamntum: 170 MeV/r, 

Momentum b i te :  Ap /p - 2% 

Special beam characteristics: 

Intensity = 40 rad/min stopping pions 

Area= 4 x 4 - 4 x 8 cmx c m  

Stopping medium - water 

Spacial requirements: 

Domimetry (htegr8ted normalized current) with In-house lnrtrumentation 

at LAMPF 

Water tank with stopping region localized 

LAMPP cel l  culture lab 

Time requirements: Experiment 1 

Exp erlment 2 

Experiment 3 

2 shifts 

2 s h i f t s  

4 s h i f t s  

t o 9 2 4 5 2  00 133508.002 
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A. Background 4 
It Is I r o n i c  tha t  one of the  "standard" test ce l l  l i n e s  (human 

kidney 1-11 f o r  high LET rad ia t ions  is extremely d i f f i c u l t  t o  syn- 

chronize by mito t i c  se lec t ion .  

method f o r  obtaining populations of T-1 c e l l s  with a p p r o d m t e l y  94% 

of t h e  cell. i n  la te  metaphase or anaphase. 

t he  first h a l f  of the  cycle has been 8tudied following i r r a d i a t i o n  with 

In 1974 w e  devised a highly i a e f f i c i e n t  

The response of cells i n  

250 kVp x rays and 239Pu alpha p a r t i c l e s .  The hish LET response as a 

funct ion of cycle  phase is clearly d i f f e ren t .  

Although the  rad ia t ion  responses of synchronized Qlinese hammter 

rc 

cells have been s tudied  following a var ie ty  of low and high LET 

radiations, t h e  information provided may be only p a r t i a l l y  applicable 

t o  t h e  human s i tua t ion .  Cultured human cells have two rad ia t ion- res i s tan t  

p e r l o b  during t h e i r  cycle,  whereas Chinese hamster c e l l s  have only one, 

unless the G1 phase i s  a r t i f i c i a l l y  prolonged by conditions of deprivation. 

It is therefore  important t o  study synchronized human cells i n  addi t ion t o  

Chinear ham8tcr cells with  respect  t o  t h e i r  responser t o  s t o p p b g  pions. 

B. Methods of Procedure 

Xmas kidney (T-1) cells w i l l  be selected in mitosis  from a population 

enriched In m l t o t i c  cel ls  by p r i o r  accumulation of la te  C1 cells in 2.5 nx 

thymidine medium. 9 h r  a f t e r  thymidine removal t h e  ce l l  monolayer w i l l  be 

vigorously washed with low-calcium medium and Incubated 2 addi t ional  h r  in 

;.f :.;i FO# d / f l a s k  of t h e  same medium. The monolayer w i l l  b e  washed gent ly  in 

'r;SPT this medium which, when it  is poured o f f ,  w i l l  contain late metaphase and 

anaphase cells. 

underwater i r r a d i a t i o n  with stopping pions,  in th ree  separa te  experiments. 

These cells w i l l  be seaded i n t o  T-30 p l a s t i c  flasks f o r  

I n  the f i r s t  experiment the first 14 hr of the  cell  cycle (which 

I s  22 h r  long) will be s tudied by I r r ad ia t ing  cu l tu re s  every 1.5 h r  with 
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2 doses of x rays and 3 doses of stopping pions. More doses will 

be used at 4 h r  and 11 hr,  the  poin ts  of maximum and minimum resis tance,  

respectlveXy, in order  t o  obtain complete curv iva l  cuwes. 

I n  t h e  eecaad experiment t h e  mi to t i ca l ly  se lec ted  c e l l s  will be 

allowed to progress  f o r  8 hr ,  a f t e r  which they w i l l  be "resynchronizcd" 

by 4 h r  incubat ion i n  2 +hydroxyurea, which i n h i b i t 8  DNA synthesis but 

does not  kill es tab l l shed  cul tured human ce l l s .  Cultures w i l l  then be 

i r r a d i a t e d  every 1.5 hr t o  discern the tfme-dependence of surv iva l  of 

cel ls  progressing through the second half  of t he  cycle-S, G2, W. 

dooc8 of x rays u d  3 dose. of etoypfng pions w i l l  be  used a t  each point.  

More doses w i l l  be w e d  to e s t ab l i sh  surv iva l  curves a t  8 hr and 12 hr, 

vhich are expected t o  correspond t o  l a t e  S and H, respectively,  in the  

"reoyuchronized" populations. 

Two 

The t h i r d  experiment will be designed around the r e s u l t s  of the 

first two and will cons is t  of two survival-vo-time cumes, each using 

one pion dose choeen on t he  bas i s  of t h e  f i r s t  two experiments. 

w i l l  be detcrminad averg 1.5  ht over a 28 h r  per iod,  and cells t o  be 

i r r a d i a t e d  more than 12 h r  a f t e r  exposure will be reaynchronhed as in 

Survival 

the second experiment. 

A l o g i c a l  fourth experiment is the  determination of surv iva l  curves 

This will be propwed in a future  at ce lec ted  phases of the cell cycle. 

appl ica t ion ,  t h e  contents  of which w i l l  also depend upon the  outcome of 

t he  above experiments. 

1 0 9 2 4 5 4  00 1 XS08.W 
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c. Results 

t The data sets vi11 be plotted on the following axes: 

Experiment 1: 

hr after mitosis 

pic-  (?\ 16: hr a f t e r  hydroxyurea 

Experiment 2 :  log survival 

removal 

dose 2 

Experiment 3: log  survival 
I > hr a f t e r  mftosfe 

Cell6 from all population8 used will be monitored for their 

a b i l i t y  t o  iucororate 3HTdR t o  es tabl i sh  the position of the cells i n  

the cycle at the time of each irradiation. 

labeling wfll be used. 

Both continuous and pulse 

c 
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D. Signi f  icance 

Until recently i t  was thought t h a t  the only advantage of high LET 

But J. F. Fouler pointed out t h a t  r ad ia t ion  might be the  reduced OER. 

If high LET rad ia t ioa  has a therapeut ic  gain f ac to r  it should be exploited 

whatever the cauae. 

which synchronized Chinese hamster cells were i r r ad ia t ed  v i t h  X rays 

and alpha p a r t i c l e s ,  Raju pointed out t h a t  the RBE changes throughout 

t h e  ce l l  cycle  a d ,  giveta that normal and neoplastic cells are f a  

d i f f e r e n t  p a r t s  of the  cycle,  s i g n i f i c a n t  therapeut ic  gain fac tors  

ltight be rea l ized  under a propzrly t i m d  hi& LET therapy schedule. 

The propolred experiment aims t o  determine t o  what extent t h i s  s i t u a t i o n  

might hold for human cel ls  i r r ad ia t ed  with atopping pions. 

Upon analyzing carefully-executed experfmeats in 

Financial  support for this study is avai lab le  through a grant t o  

the pr inc ipa l  inves t iga tor  from t h e  National Cancer I n s t i t u t e .  A n  

attempt will be made t o  coordinate the timing and execution of the 

experknents in this proposal v i t h  those t o  be performed by the 

pr inc ipa l  imtcr t iga tor  in "Experiment P143" usiq the  same biological 

t es t  syrtem in f r ac t iona t ion  and recovery experiments. 

c . 
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