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I take great pleasure in submitting t o  you the Eighth Annual 
rs i ty  of California Progrrm in Cancer Research. 

i t  is beneficial to take stock of how the program 
of the University i s  functionins m d  t a  gauge hov 
e s  with the programs in other f i r s t  rate institu- 

There are t h e  levels of effort in a thorough, complete, and 
logical progran of cancer reserrch; namely, 1) cliniccl reseprch on 
cencer patients, 2) research on neopksms and the cancer host by 
animal experiments, and 3) basic research on the fundamentals of the 
natural sciences. 
above it. “hs rat* materials for the ideas t o  attack the cancer ?rob- 
lem must come from advances in the natuml sciences. These ideas must 
then be tried and developed by means of experiments on animals, unt i l  
f inal ly  the refined and established values obtained in this  way are 
suitable for human trial. 
seemh Program measures up w e l l .  
carried on all of the three mentioned levels. 

Zach of the underlying zctivities feeds the one 

3y the above tes t  the thiversity Cancer 9e- 
Cancer research is being vigorously 

The Eniversity of California, or no other institution, stands 
alone o r  works in isolation in the attack on the cancer problem. 
activities of every laboratory and clinic engaged in pertinent work 
ere motivated, guided and affected by the continuous exchange of Ideas 
and informstion that constantly goes on. 
publication in journals, meetings of scientific societies, personal com- 
munications, etc. There I s  no more important element in the research 
attack on cancer than that of the utmost freedom of communication in 
ac ience. 

The 
- 

“his occurs by many means: 

To the extent that one can foresee, the conquest of cancer v l l l  be 
a long, slow, laborious process, mrked by individually small but re- 
peated dvances and successes. This m a n s  that infinite patience is 
required on the part of a l l :  investigators, legislators, administrators, 
and above all the public. KO easy road can be seen ahead and miracle 
cures are not discernible on the horison. 

Gains are constantly being made in -roved methoda of  diagnosis, 
methods of treatment and in prevention. 
significant contributions and the record of these contributions f o r  the 

In these the bivers i tg  hBs made 
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par is contained in the current Cancer Research report. 

feii significant items from the report may be singled out. The 
teaching progren sponsored by the United States Public Health 
, in which our University plays a leading p r t ,  i s  doing outstand- 

$ng Cork in emphasizing the importance of early diagnosis of cancer and in 
both the medical profession and the public to  an awareness o f  this. 

logical method of  cancer diagnosis, t o  which o u r  University has 
ted immensely, is being expanded and is finding new fields of appli- 

the reports of investigations now under nay in the Donner Laboratory, 
Improvements in the applications of radiology t o  cancer are fore- 

iological Laboratory and Deprtment of  Badiology of the School of 
e, San  Francisco, and in the several departments of the School of 
e, Los Angeles. Chemotherapy has had but limited success in the 

treatment of cancer t o  date. However. there are high hopes of eventual 
success. 
developed regularly, Perhaps more important, some of the structural 
features required for therapeutic activity against cancer are being 
brought t o  light. In this  program the University is taking an active part 
both in the development of new d r u g s  end in tke clinical evaluation of 
cam>ounds that have passed scrutiny in animal tests. In addition many 
important contributions t o  the advace of the natural sciences and t o  the 
understanding of the nature of the neoplastic transformation are contained 
in the reoort. 

iqew compounds that are active against some neoplasms are being 

Cancer research in the Pniversity of California continues t o  grow. 
Thie is shown by the increase in the number of reports subnitted this  par 
over last year. This increase has taken place in spite of the regrettable 
loss to the University of a very active laboratozy, The Laboratory of 
Experimental Oncology of the United States Public Health Service. This 
steady gronth has taken place in the face o f  some formidable obstacles and 
it is  readily apparent that we are far  from the peak of the development in 
the Cancer Research Frogram of the University. 
quarters for t b  Cancer Ilesaarch Institutes both in the Iorth and South 
reaching completion. 
can be confidently predicted that the research act ivi t ies  in cancer w i l l  be 
mightily increased. 

Only just  now are the 

- Once suitably housed and with adequate fac i l i t i es  it 

This notable enterprise of the University, embarked upon some eight 
years ago, has expanded greatly and is flourishing. 
value to the health and well-boing of the people of California have already 
been achieved and there is Ugh pramiee of better things to come. 

Results of great 

Be spect f u l l  y aubmi t t ed, 

Cbairmsn, Cancer Research Coord-king 
Committea 
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INTRODUC T I O N  

The E i g h t h  Annual Report of t h e  Cancer Research 

Pragram of t h e  Univers i ty  of C a l i f o r n i a  d i f f e r s  from 

s Reports I n  t h a t  an at tempt  has been made t o  

inc lude  all of t he  cancer  r e sea rch  a c t i v i t i e s  of the  
- z  

c -  - 

c - C 

- - t fn ivpsTty  r a t h e r  than only  those  supported e n t i r e l y ,  
- 

. . -  - -  
L g >  h _ -  s z Lor2in$i?rt by Univers i ty  funds. The p r o j e c t s  f inanced 

by Univers i ty  funds a r e  c l e a r l y  i n d i c a t e d  i n  each p r o j e c t  

under the heading "Financia l  Support". 

The work o f  some ind iv idua l s  on groups of  i nd iv idua l  

may have been omitted; t o  these  people the sec re t a ry  wishes 

t o  

t o  

i n  

be 

of  

express  h i s  apology. 

The f i n a n c i a l  r e p o r t  inc ludes  known funds ava i l ab le  

cancer r e sea rch  workers exc lus ive  of funds .  Included 

t h e  r e g u l a r  Univers i ty  budget. 

noted; namely, the inc lus ion  of  t h e  r e g u l a r  budgets 

the Cancer Research Genet ics  Laboratory and of the  

Two except ions should 

Cancec Research I n s t i t u t e ,  San F'ranciscoo The data  

were compiled from t h e  Regents' Roster ,  r e p o r t s  o f  

i nves t iga to r s ,  r e p o r t s  of grant ing  agencies ,  and the  

f i l e s  of t h e  Cancer Research Coordinating Committee. 

The research  g r a n t s  a r e  those repor ted  by the inves t iga to r s ,  

whose decis ion as t o  which ones should be c l a s s i f i e d  a s  

"Cancer Research", was accepted without  question. 
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e funds appropriated f o r  cancer r e sea rch  by t he  

l a t u r e  of  The S t a t e  o f  Ca l i fo rn ia ,  p l u s  the income 

endowed funds, was the f i n a n c i a l  hard core of the 

Cancer Research Program of The University.  

be no ted  t h a t  a g r e a t e r  number of r e sea rch  p r o j e c t s  

I t  should 

supported e n t i r e l y ,  o r  i n  p a r t ,  by t h e s e  funds than 

ds from a l l  o the r  sources. 

-. 

K. B. DeOme 
Sec re t a ry  of  t he  Cancer Research 
C o o r d t n s t d a g  Committee 
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v e r s i t y  of C a l i f o r n i a  Funds 
C a l i f o r n i a  S t a t e  Appropriation $ 258,287 

- Cancer Research Genetic0 36,890 
- Laboratory 

= Francisco 

I -  - _  - - 3.  Cancer Research I n s t i t u t e ,  San 24,984 

E. Donations and G i f t s  56,339 
c :  I). Income f r o m  Endowed Funds 28 356 - .  

L 

- _  y ' > L  .- 2 2 _. 
o u -  
c 7 ; z 3.2 $$ants from Foundations, Agencies, 

and I n d u s t r i e s  o - - - -  
A. U. S. Publ ic  Health Service 
B. American Cancer Society (Nat iona l )  
C.  Pmerican Cancer Society (Cal.Civ. 1 

345,126 
238,096 
29,160 
316 500 

- -  
D. Atomic Energy Commission 

a. Radiat ion Laboratory 265,000 
b. Donnor Laboratory 
C. Others 

Research 

E. Damon Runyon Memorial Fund 
F. C a l i f o r n i a  I n s t i t u t e  for Cancer 
G. Others 10,054 

Sub-total  ( 2 )  $ 1,087,938 

12,000 
6,002 

I1 . Teaching Grants 1. U. S. Public Health Service 101 , 968 
2. Cal i forn ia  I n s t i t u t e  f o r  Cancer Research 1 2  ,490 

Sub-total  (3) 

111. Fellowships and Traineeships  1. U. S. Publlc Health Service (10) 27,GO 

3. American Cancer Socie ty  (Nat ional)  ( 3 )  10,800 
2. Damon Runyon Memorial Fund (1) 4J800 
4. American Cancer Socie ty  (Cal.Div.) (10) 7 j 000 

$ 50,050 

Tot a1 
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r s i t g  Department: Phys io logica l  Chemistry 

c i a 1  Support  195L-55: UC(SF) $ 5,100.00; UC(l3) if6 sOO.00; 
PHS 6,199.00. 

of Pro jec t :  Nucleic Acids. . 

ing t he  year  designs f o r  t he  cons t ruc t ion  and 

n of an apparatus  for e lec t rophores i s  on paper have 

been published. 

chemical and b i o l o g i c a l  problems and information which has  

been rece ived  i n d i c a t e s  t h a t  many l a b o r a t o r i e s  throughout 

the  United S t a t e s  have cons t ruc ted  this apparatus  from our 

plane and have p laced  i t  i n  successfu l  operation. 

apparatus was designed In t h i s  l abo ra to ry  t o  a i d  u8 in the 

s tudy of c e r t a i n  aspecta  of t he  chemistry of nuc le i c  ac ids  

and nucleot ides .  

The apparatus  has  many genera l  u s e s  i n  

The 

By the  use o f  t h e  apparatus  w e  have been ab le  te 

accomplish the  f i rs t  success fu l  r e s o l u t i o n  of t he  twelve 

isomeric mononuoleatidea ai r ibonuc le i c  acid by zone 

e l e c  trophoresls. 

much as one week t o  resolve these substances. Thel r  

r e s o l u t i o n  can now be accomplished i n  from 30 minutes  t o  

Formerly used procedures r equ i r ed  as 

1 h o w *  

The e l ec t rophores i s  apparatus  haa permit ted us  t o  

develop. a method which can be  appl ied  t o  t h e  s tudy of the 

many enzyme6 that are h a r m  t o  be concerned In the 
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e to fo re  published methods t h i s  technique i s  s p e c i f i c  

t s p e c i f i c  intermediary produc.ts as w e l l  as end- 

t s  can be de t ec t ed  and cha rac t e r i zed .  This method 

e c i f i c a l l y  developed i n  order t o  s tudy t h e  n u c l e i c  

etabolism i n  normal and neop las t i c  t i s s u e s  and the  

s o f  x - i r r a d i a t i o n  i n  d i r e c t i n g  or e l imina t ing  such 

ons. This l a t t e r  study has been undertaken in 

co l l abora t ion  with Dr. 8. V. 1. Low-Beer (Department o f  

Radiology). 

l abo ra to ry  t o  s tudy t h e  a c t i v a t i o n  and i n a c t i v a t i o n  of 

ribonuclease upon t h e  spec i f i c  s u b s t r a t e s  uridine-2'  -3' - 
phosphate and cytosine-2'-3' -phosphate. I t  w i l l  be 

prepared f o r  pub l i ca t ion  during t h e  coming year. 

The method has already been used by t h i s  

Public a t  ions : 

Allen, F. 1. Nucleic Acids. Ann. Rev. Biochem., 

- 23:98-124, 1954, 

C r e s t f i e l d ,  A. M,, and Allen, F. W. The Resolution 

of Isomeric Ribonucleotides by Electrophoresis  on Paper, 

Federation Proc., 2 :195,  1954* 

C r e s t f i e l d ,  A. M., and Allen, F. I?!. An Improved 

Appartus f o r  Zone Electrophoresis.  

( in  p res s ) .  

Ana ly t i ca l  Chemistry 

Cres t f i e ld ,  A. M a ,  and Allen, F. W e  The Resolut ion of 

Ribonucleotides by Zone Electrophoresis.  Ana ly t i ca l  Chemistry 
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Allen 

C r e s t f i e l d ,  A. M. and Allen, F. W. 

i t g  of Ribonuclease by Zone Electrophoresis .  J. 

Stud ies  of the 

Chem., 211: 363-366, 



l e  Inves t iga to r :  C. E, BaIlou 

Bioc hemi s t r y  

Support 1954-55: UC $ 3,000~00 

: The Synthes is  o f  Glycoly t ic  Intermediates  

zyme Spec i f i c i ty .  

h i s  r e sea rch  program is t o  study the 

r e a c t i o n s  of enolase,  en enzyme involved i n  the metabolism 

of carbohydrates ,  and, through the  use of s p e c i f i c  

i n h i b i t o r s  of  s t r u c t u r e s  c l o s e l y  r e l a t e d  t o  t h a t  of the  

n a t u r a l  s u b s t r a t e ,  t r y  t o  l e a r n  something about the  

mechanism by which t h i s  enzyme works. 

During the four  months t h i s  p ro jec t  has been i n  e f f e c t  

we have r e i n v e s t i g a t e d  t h e  normal r eac t ions  of enolase,  

and determined c e r t a i n  cons t sn t s  t h a t  w i l l  be necessary 

as a po in t  of comparison. 

t h r e e  i n h i b i t o r s  of t he  enzyme, and measured the  

i n h i b i t i o n  by a number of  o the r  substances.  

t h e  work on t h i s  p ro jec t  is progressing r ap id ly ,  and show8 

much promise. 

I n  add i t ion  we have synthesized 

I n  general ,  

Publ ica t ions  To Date: None. 
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. ,  x s s  
.% :; .: _ . T i t l e  of P ro jec t :  S t u d i e s  of  Some Genetic and Physiological  --- 

uencing t h e  S t a b i l i t y  of Ring and Rod 

cinogenic a c t i v i t y  of x-rays and mustard gaa 

provide an e x c e l l e n t  i n d i c a t i o n  t h a t  cancers  a r i s e  from 

gene t i c  changes during development. The e s s e n t i a l  

genet io  change i s  mutation but t h e  e f f e c t s  o f  most 

mutat ions w i l l  remain masked by t h e  presence of a non- 

mutated homologous chromosome. However, on el iminat ion 

of  t h e  non-mutated chromossme or on c ross ing  over 

between the  homologous chromosomes, t h e  e f f e c t s  of t he  

p r i o r  mutation would be expected t o  become manifest .  

Our work on t h i s  problem i s  devoted t o  s t u d i e s  of the 

. environmental, gene t i c ,  and d e v e l o p e n t a l  f a c t o r s  

a f f e c t i n g  chromosome e l imina t ion  and somatic c ros s ing  

over. The organism used, Drosophila melanoraster,  i s  

most i d e a l l y  s u i t e d  t o  s t u d i e s  of this  s o r t .  

Our d a t a  show a remarkable f l u c t u a t i o n  i n  the  

frequency of somatic c r o s s i n g  over, from 13 t o  300 

percent  mosaic spo t s  Per fly. Environmental and gene t i c  

d i f f e rences  otherwise minor seem t o  form the b a s i s  f o r  
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i de  range o f  v a r i a t i o n .  Somatic c r o s s i n g  over occur s  

at 3 xiisproport ionately high r a t e  during the very l a t e  

deoelapmental s t a g e s e  

-. > ’  - 

L - 
ince no carcinogenesis  i s  involved he re ,  work of  t h i s  

annot provide d i r e c t  evidence on the o r i g i n  of cancer 

can be expected t o  provide models which can be 

aga ins t  experiencea In  the  p re sen t  i n s t ance ,  t he  

wide f l u c t u a t i o n s  i n  scmatic c r o s s i n g  over would h e l p  t o  

Recount f o r  famil ia l  tendency toward carcinogenesis  of 

a non-specific na tu re :  

be those wi th  a high frsquency of somatic c ros s ing  over 

l ead ing  to t he  expreseion of any type of carcinogenic 

mutatioil i n  a?y type of t i s s u e  i n  which it  might OCCUT. 

The cccurrerxe of somatic c r o s s i n g  over preponderantly 

i n  l a t e  d o v e l o p e a t a l  s t a g e s  w o u l d  p a r a l l e l  the  

observat ions i n  humans t h a t  neoplasms o c c w  much more 

f r equen t ly  i n  o lde r  people when t i s s u e  g ros th  a d  

replacement has reached B low rate. 

t h e  “high cance r”  f a m i l i e s  would 

. 

During the  course of these  i n v e s t i g a t i o n s ,  Dr, Drew 

Schwartz of t he  Oak Ridge National  Laboratory published 

his  evidence f o r  a two-step mechanism of  c ros s ing  over. 

Dr. Schwartz based h i s  argument on s t u d i e s  o f  somatic 

c ros s ing  over in the fruit f l y  somewhat similar t o  those  

being conducted i n  this  laboratory. 

understanding o f  t h e  mechanism of c ros s ing  over would 

Because an 
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a3d Bppreciably i n  def ining the  f a c t o r s  i n f luenc ing  somatic - _ -  - - I 

i 

- c r o s s i n g  over, Dr. Schwartat experiments were r epea ted  i n  0 -  
c z  - 

cooperation with Mr. W i l l i a m  Welshons of t h e  Zoology 

Department. 

w l th  those o f f e red  by Dr. Schwartz, and i n d i c a t e  t h a t  t h e  

extreme f l u c t u a t i o n  i n  somatic c ros s ing  over i s  probably 

i; 

- _  
I- 

The r e s u l t s  obtained a r e  no t  i n  agreement 
~- 5 
- i -  

- _  L - 
c -  

2 2  ? - - = -  
u t . .  _ _ _ - - _  ? r e p o f t  on this  problem i s  being prepared for publicat ion.  

A t  present ,  work i s  progressing along seve ra l  l i n e s .  

_ _  - the f a c t o r  which l e d  him t o  erroneous conclusions.  A - 
- -  ; c  

$ 5 ;  - - - J  

A determination of t he  t i m e  in development a t  which 

somatic c ros s ing  over occurs  i s  being made by means of 

high temperature t reatmentso Preliminary r e s u l t s  have 

shown t h a t  t he  frequency of somatic c r o s s i n g  over may 

be a f fec t ed  by v a r i a t i o n  i n  mineral  n u t r i t i o n .  

S t a t i s t i c a l  comparisons a r e  being made of t he  

developmental s t a g e s  a t  which somatic c ros s ing  over and 

r i n g  chromosome e l imina t ion  take place. A l a r g e  s c a l e  

ana lys i s  of the n m b e r  and d i s t r i b u t i o n  of genet ic  

Pactore a f f e c t i n g  the frequency of somatic c ros s ing  over 

is being p ro jec t ed  for a t h e s i e  problem f o r  a graduate 

s tudent  . 
Publicat ions To Date: Nnne 
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Title of Pro jec t r  A )  Metebolic Pa t t e rns  In  Tumor Tiesues  -- 
B) P i t u i t a r y  Tumorigenesis 

An METABOLIC PATTERNS I N  TUHOR TISSUES 

The u l t ima te  aim o f  c e r t a i n  inves t iga to r s  i n  t h e  field 

of carclnagen& is t o  obtain an answer t o  t he  problem as 

t o  why a t i s s u e  or organ t h a t ,  a f t e r  maintaining a cons tan t  

e i z e  for a per iod o f ,  say, 50 y e w s ,  suddenly takes  on new 

growth which may r e s u l t  i n  death of  t he  host .  It  is not  

unreasonable t o  argue t h a t  an a l t e r e d  mstabolic pa t t e rn  

is respons ib le  for t h e  turn  of events. But r ega rd le s s  of 

t h e  po in t  of view, t he re  can be  no doubt a t  t h i s  time tha t  

t he  p e c u l i a r i t l e e ,  if such e x i s t ,  in t he  metabolism of 
~ tumors must be explored. For t h i s  reason we a r e  pursuing 

the  various metabolic paths i n  normal and tumor t i s s u e s .  

We a r e  doing this with t h e  a id  of  C14-labeled glucose, 

f ruc toee ,  ace t a t e ,  sho r t  and long chain f a t t y  acids  o f  t h e  

even eerie8 and of  t h e  odd ser iea .  Other C14-labeled 

compounds are  i n  the  course of synthesis .  

1. A chromatographlc-Radioautopa@c Approach t o  the Study 

of Acetate Metabolism in Tumors 
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gres s  i n  t h e  s tudy  o f  the  metabolism of any t i e s u e ,  

r neop las t i c ,  depends upon the  a v a i l a b i l i t y  of 

for de tec t ing  and for obta in ing  a q u a n t i t a t i v e  

h a t e  of i n t e rmed ia t e s  involved  i n  the u t i l i z a t i o n  of 

d r a t e ,  f a t s ,  and p ro te in .  It i s  f o r  t h i s  reason  t h a t  
- c -  

- -e a r e  devoting much time t o  the  develc2ment of a method 
L 

r f o r  &e tec t ing  and measuring the  compounds involved i n  the 

f a t e  of a c e t a t e  i n  nopmal and tumor t i s s u e s .  It  should be - = =  P 
here  that  a c e t a t e  r e p r e s e n t s ,  as c l o s e l y  as  we c w  

g e t  t o  it, the  two-carbon f r agnen t ,  acetgl-SS-Coh, which is 

a meeting po in t  i n  t h e  pathway of breakdcrwn o f  f a t s ,  

carbohydrate, and amino acids, and i n  t h e  pathway of 

s y n t h e s i s  o f  t hese  same compounds, 

During the  year under review we have succeeded i n  

developing such a method, It  involves  f i l t e r  paper 

chromatography, and s ince  our  s t a r t i n g  m a t e r i a l  l a  

r ad ioac t ive  a c e t a t e ,  r e  a l s o  make use of radioautographs 

-of the  chromatograms. 

2. Fat Oxidation i n  a Mouse Hepatoma 

The a b i l i t y  o f  normal t i s s u e s  o r  t h e i r  enzyme 

preparat ions t o  o x i d i z e  f a t t y  ac ids  v i a  C2 fragments 

(acetyl-S-CeA) has  been demonstrated convincingly by 

many workera. Curious ly  enough, the  view has  appeared i n  

t h e  l i t e r a t u r e  t h a t  ke tcgenes is  does not occur i n  tumor 
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5 J =  e e l l s .  S ince  the formation end accumulation of 

S J  

- - -  c .- - -  
). 

r. - 
- c - ace toace ta te  have important imp l i ca t ions  as t o  t he  manner 

- .  

I lb48l 

by whioh that t i s s u e  oxid izes  f a t e  a c i d s ,  we undertook 

a study of ace toace ta t e  formation by a tumor, the  mouse 

hepatoma. 

We found t h a t  i so top ic  ace toace ta t e  accumulated i n  

measurable q u a n t i t i e s ,  and t h a t  t h e  d i s t r i b u t i o n  of t he  

dso$c$e In t h e  ketone body I s  cons i s t en t  w i t h  the  view t h a t  
? - S >  

f a t t y  ac ids  a r e  degraded t o  two-carbon fragments which then 

recondense t o  form acetoacetate .  The hepatoma, i n  i t s  

metabolism of oc t anoat e-1-C l4, r e  sembl ss ext rahepat ic  

tissues i n  tha t  t h e  ace toace ta t e  which i s  formed i s  r e a d i l y  

u t i l i z e d .  

In  this  study we made use of 0c t anoa te -1 -C~~ .  

L- 

=- ... 

This explains  why so l i t t l e  ketone bodies 

accumulate i n  tumors. 

B o  PITUITARY TUTlORIGENESIS 

Some t h e  ago we observed t h a t  p i t u i t a r y  tumors can 

be induced by 113' i n j ec t ions .  

development, we have imported a t r a n s p l a n t a b l e  p i t u i t a r y  

tumor from Dr. 3. F'urth, and t hese  a re  p o v i d l n g  t h e  

ma te r i a l  f o r  our present  s tud ies .  

S ince  these  a re  slow I n  

Publ icat ions:  

Brown, G. W., Jr.; Chaikoff,  I. L.; and Chapman, D. D. 

Demonstration of $-Oxidation and Acetoacetate  Formation i n  

6 
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the  na ture  of the products  formed by the  i r r a d i a t i o n  of 

cho le s t e ro l ,  a normal body cons t i t uen t .  From such a study 

i t  i s  hoped t o  be ab le  t o  eva lua te  the  poss ib l e  r o u t e s  

whereby i r r a d i a t i o n  products can a r i s e  and t o  a s c e r t a i n  if 

such products can be  r e l a t e d  t o  lmown chemical carcinogens.  

I t  has  been found t h a t  c h o l e s t e r o l  upon i r r a d i a t i o n  

w i t h  s o f t  b e t a  r ays  undergoes decomposition when t h e  r e a c t i o n  

i s  conducted i n  the  presence of water o r  a i r .  

of t h e  product8 produced suggests  t h a t  c e r t a i n  po r t ions  o f  

the  molecule a r e  more suscep t ib l e  than  others .  Of t h e  

pos i t iona  attacked, i t  i s  of i n t e r e s t  t o  note  t h a t  the  

products formed can be viewed as being poss ib le  precursor8 

of t h e  chemical carcinogen, methylcholanthrene. 

The na tu re  

Work now i n  progress  i e  t o  determine the  poss ib l e  

r o u t e  followed i n  such an i r r a d i a t i o n  i n  the absence of  

a i r  and water. hrrther, it  i s  hoped t o  evaluate  the role 

of the  i r r a d i a t i o n  i n  the decomposition of c h o l e s t e r o l  0 0  

that a b e t t e r  idea  may be gained as t o  the  general  aging 

i I 6 4 8 2 0  
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- APPROACH 

Reaction of nuc leos ide  2' :3 t -cyc l ic  phosphates and 

- -  L e  . _ -  

nucleoside (21 o r  3 ' )  phosphoryl ureas  with s u i t a b l y  

p ro tec t ed  nuc leos ides  and nuc leo t ides .  

PROGRESS 

(1) The r e a c t i o n  of t h e  c y c l i c  phosphates with 

s impler  a lcohols  and amino a lcohols  has  been examinede 

I n  aqueous so lu t ion  a t  pH 7 t o  9 good y i e l d s  of nuc leo t ide  

e s t e r s  have been ob ta ined  wi th  amino-alcohols. 

mechanism of  t h i s  r e a c t i o n  has  been inves t iga t ed  i n  view 

of i t s  poss ib l e  r e l a t i o n  t o  enzyme ca ta lyzed  

t r a n s e s t e r l f i c a t i o n  r e a c t i o n s .  

The 

(2) Self-condensat ion of t h e  c y c l i c  phosphates i n  

non-aqueous systems has  been i n v e s t i g a t e d  with t h e  f ind ing  

t h a t  modest y i e l d s  of di- and t r i -nuc leo t ides  can be 

f omed  i n  t h i s  manner . 
( 3 )  New methods of phosphorylation have been sought 

which would s implify t h e  p repa ra t ion  of t h e  in te rmedia tes  

i n  the reac t ion .  I n  p a r t i c u l a r ,  sa l iCylg1  phosphate and 

I I b 4 E i 2  
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- x  - .. - o-?&nglene phosphate have been inves t iga t ed .  The former 
r ) -  has proved use fu l  for a simple and r a p i d  p repa ra t ion  o f  
3.2 
rl r 
T L  I- 

',c (UMP-) although Fn small  y i e ld .  The o-phenylene phosphate 
Z L  
5 c  

E 

u r f e n e  diphosphate (UDP) from u r i d i n e  monophosphate 
- . -  

- h a s  o e r t a i n  advantages as a phosphorylating agent, s i n c e  

the p ro tec t ing  group (a-phenylene) can be e a s i l y  removed. 
I ., 

Dekker, C.  A , ,  and Khorsna, H. G o  

The Reaction of Dicyclohexglcerbodiimide w i t h  Yeast 

Carbodiimides. 

V I .  

Adenylic Acid. 

Monoesters of Ribonucleoside 2 ' -  and 3' - Phosphates. 

A New Method f o r  the Preparat ion of 

J. Am. Chen. SOC., 76:3522, 1954. 
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Title of Project :  -- Stuctg o f  t h e  S p e c i f i c i t y  of the t 
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-Phos&~atases  Involved in the Degradation of Nucleic Acids. 
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- i >  AIM - L  2: -: ^ L e  

Fur ther  knowledge regard ing  t h e  s t r u c t u r e  of nuc le i c  

ac ids  and regarding the mechanism of ac t ion  of t h e  var ious  

enzyme 9 . 
APPROAC A 

Synthet ic  s u b s t r a t e s  a r e  prepared and the ac t ion  of 

the  enzymes studied. 

PROGRESS 

A c l e a r e r  understanding of  t h e  s p e c i f i c l t y  of  t h e  

phosphodiesterase obtained from Crotalus  adamanteus venom 

ha8 been gained us ing  syn the t i c  nucleoside 2' : 31 -cpc11~  

phosphates and e s t e r s  o f  nuc leo t ides .  

d e r i v a t i v e s  have been t e s t e d  a s  poss ib l e  s u b s t r a t e s  f o r  

The same 

o the r  phosphodiesterases. This work has r e s u l t e d  in t h e  

diacovery of an i d e a l  s u b s t r a t e  for ribonuclease which 

ehould have va lue  as a means of assaying f o r  this 

import ant  enzymes 

The ac t ion  of deoxgribonuclease on deoxgrihonuclelc 

a c i d  (DNA) has been s tud ied  and a mechanism has been 
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ased which expla ins  the changes in_ physical  

properties  of the DNA nhiob 81.8 observed d u r h g  the 

hy dro ly  si 8 
L L  
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- 
c -  

r 

f 
i. Publications:  

- 2 ;  . 5 Dekker, C. A. & t i o n  of Snake Venom Phosphodiesterase 

l e o s i d e  2’ :3f-cycl ic  Phosphates and Related 

Compounds. Fed. h o c . ,  g:197, 1954. 
Dekker, C. L and Schechman, H. K. On the 

Macromolecular Structure of Deoxyribonucleic Acid: h 

Interrupted Two-strand Model. Proco Natl .  Acad. 
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Fitfa of Project :  

Research Genetics Laboratory. 

The Cancer Research Program of the  Cancer 

The research  program i n t r i n s i c  t o  the  Cancer Research 

Genet ics  Laboratory i s  supplemented by coopera t ive  p r o j e c t s  

i n  which Laboratory r e sea rch  personnel and f a c i l i t i e s  a r e  

employed t o  varying degrees. Larger  cooperat ive p r o j e c t s  

we sepa ra t e ly  reviewed and a r e  r e f e r r e d  t o  throughout 

t he  t e x t  of t h e  r epor t .  

STUDY OF THE "PRECANCEROUS LESIONS~~ 

OF TH3 MAMMARY GLANDS OF THE MOUSE 

The hyperp las t ic  nodules  found i n  the  mammary glands 

, of mice belonging t o  s t r a i n s  des t ined  t o  have mammary tumors, 

are usua l ly  r e f e r r e d  t o  as "precancerous lesions." 

l i t t l e  is lmown of the  morphologic and PhySiOlOgiC charac te r -  

i s t i c s  of these  nodules,  an orgsnieed  e f f o r t  is being made 

t o  cha rac t e r i ze  them d e f i n i t i v e l y  and t o  determine t h e  

f a c t o r s  involved In t h e i r  induct ion ,  maintenance, and 

transformation i n t o  t m o r s .  Thus, the "PreCanCerOUS l e s ion"  

is being inves t iga t ed  wi th  r ega rd  to: 1) growth p o t e n t i a l  

Because 

I I b 4 8 2 b  
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Deolne e t  a l .  

s of t r a n s p l a n t a b i l i t y ,  2 )  metabolic and cytochemical 

e r i s t i c s ,  and 3) r emonse  t o  endocrine f a c t o r s  i n  the  

animal and i n  organ cu l tu re .  

sp l an ta t ion  Studies .  

The preoencerous na tu re  of t h e  hype rp la s t i c  nodules found 

ammary glands of v i rus - in fec t ed  mice which develop 

tumors has  been i n f e r r e d  from seve ra l  types of 

evidence. 

gland a reas  a l t e r e d  by t h e  v i rus ,  which a re  n o t  ye t  neop las t i c ;  

o r  a reas  which have already undergone the  neop las t i c  t rans-  

formation. A comparison of t he  t r a n s p l a n t a b i l i t y  of hyper- 

p l a s t i c  nodules, normal glands,  and known tumors should be 

he lp fu l  i n  d i  s t i ngu i  shing be tween these two po s si b i l  i t i e  s . 

The "precancerous l e s i o n s "  could be e i t h e r  mammary 

A s i n g l e  hyperp las t ic  nodule,  a sample of.norma1 

mammary gland, and a sample of tumor, all from the  same 

donor mouse, were simultaneously implanted i n t o  a s e r i e s  

. of  tes t  animals. The f a t e  of  t hese  t r ansp lan ted  t i s s u e s  i e  

being  determined. To date ,  all of the  tumors, only a few 

of t h e  hyperp las t ic  nodules,  and none of the  normal glands 

have shown tumor-like growth. The r e s u l t s  suggest t h a t  most 

of these  hyperp las t ic  nodules had n o t  undergone t h e  neo- 

p l a s t i c  transformation. 

( D a h s ,  Welllngs, Faulk in)  

. 
I I b 4 8 ? 7  
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1. Morphologic and Cytochemical Studies .  

I t  has  been poes ib le  t o  e s t ab l i sE  some c r i t e r i a  f o r  : F -  - ; -  
I- (r 

S E i  
- Lo n -  0 -- hyperp la s t i c  nodules,  and var ious  cy to logic  and cytochemical 

@ $ I  methods have been employed i n  comparing them wi th  normal, 

I _  c z  - p r e l a c t a t i n g ,  l a c t a t i n g ,  and tumorous mammary t i s sue .  I t  

s . c ' r  $ 5 -  t 

0 2 5 

i c  
r -  

; c  - - C -  - c E ;-iai-apparent t h a t  t h e r e  i s  a family of s t r u c t u r o s  r o f e r r e d  t o  
0' - -  

5 &;"hyperplastic nodules." 

I n  general ,  i n  t he  i n a c t i v e  gland the "average" 

hyperplas  t i c  nodule c l o s e l y  resembles pre lac  t a t  ing t 1 s sue 

i n  r ega rd  t o  cytoplasmic vacuolat ion (and the re fo re  l i p i d  

d i s t r i b u t i o n )  and In the  d i s t r i b u t i o n  of a l k a l i n e  phosphatase. 

Microspec t rophotometr ic  s t u d i e s  using t h e  Feulgen r e a c t i o n  

f o r  DNA demonstrate no d i f f e rence  between normal gland and 

hyperp la s t i c  no2ul e; both  conta in  pre domina  t L  y d ip lo id  

c e l l s  and a small propor t ion  o f  presumably preml to t lc  

t e t r a p l o i d  c e l l s  ( w i t h  twice the  "normal" DNA value),, I n  

tumors, the frequency of t e t r a p l o i d  c e l l s  is g r e a t l y  

Increased;  t h i s  i s  probably c o r r e l a t e d  with the higher 

m i t o t i c  a c t i v i t y  of t h i s  t i s sue .  I n  addi t ion ,  tumor t i s s u e  

con ta ins  some highly  polyplo id  cells which are not  found 

I n  corresponding non-neoplastic t i s sues .  

( A l f e r t ,  Bern, DeOme, Nishi) 

2. 2. Metabolic Studies .  

A comparleori has been made of t he  uptake of r ad ioac t ive  

phosphorus (P3*)  of normal, nodular,  and tumorous mammary 

I I b 4 8 2 8  
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tlss; f r o m  the same female C3H n ice .  Analysis of t h e  pa i r ed  

data from unt rea ted  mult iparous animals demonstrates t h a t  t h e  

nodule ha3 a s i g n i f i c a n t l y  h igher  P32 uptake than normal 

t i s s u i  and a s i g n i f i c a n t l y  lower P9 uptake than t h e  tumor, 

khu8 e s t a b l i s h i n g  an in te rmedia te  metabolic pos i t i on  f o r  t h e  

nodule,  Nodular t i s s u e  shore a PJ2 uptake no t  s i g n i f i c a n t l y  

diXfe$ent from t h a t  of l a c t a t i n g  t i s s u e .  
E .  J - -  - k- 2 Data have been obta ined  on t h e  e f f e c t s  of pregnancy, 

ovariectomy, and e s t r a d i o l  adminis t ra t ion .  I n  t h e  pregnant 

animal t h e r e  i 3  an e leva t ion  of P j 2  uptake of non-tumorous 

t i s s u e  approachhg the  l e v e l  found i n  tumorous t i s s u e .  I n  

add i t ion ,  the  d i f fe rence  between nodular and normal ( i . e . ,  

p r e l a c t a t i n g )  t i s s u e  i s  less apparent.  

between normal, nodular,  and tumorous t i s s u e s  observed i n  

un t r ea t ed  mice i s  not  apprec iab ly  a l t e r e d  by estrogen 

I 

- _  

The r e l a t i o n s h i p  

t rea tment  for two weeks. 

(DeOne, Bern, P i s s o t t ;  w i t h  t h e  co l l abora t ion  o f  W. E. Berg) 

111. Inves t iga t ion  of b d o c r i n e  Control  Factors.  

1. In vivo Studies  

Prepara t ions  of mammary g lands  from about 400 young 

male and female C3H mice, w i t h  and without  m i l k  f a c t o r ,  are 

being  e tudied  w i t h  r e s p e c t  t o  the inf luence  of various 

hormonal t reatments  upon t h e  incidence and morphology of 

t h e  hype rp la s t i c  nodules. 

p ro l ac t in ,  hydrocort isone,  and tes tos te rone ;  ovariectomy; 

Adminis t ra t ion of e s t r a d i o l ,  
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L ... -L - ~ md-parious combinations of these  t rea tments  have been 

- empGyed. To da te ,  observa t ions  i n d i c a t e  t h a t  d e f i n i t e  

r- 2: E glanaular abnormali t ies  result from es t rogen  t reatment .  Some 

0, c' 
7, 2 
t 

r? F buds. I n  addi t ion ,  unique a lveo la r  hyperplasia8 appear 

% 5 

c 

, 
< - 

a r e  h d i s t i n g u i s h a b l e  from t y p i c a l  hype rp la s t i c  nodules;  

o t h e r s  appear t o  b e  a t y p i c a l  growths developed from te rmina l  

'C - 
P L -  - < i t - gftgr month-long hydrocort isone treatment.  

, ? > z  - L  2 L I I--:$ 
a 

The e f f e c t  of c a s t r a t i o n  on the nodule incidence i n  

v i r g i n  female C3H mice i s  a l s o  being determined. 

a t  an age when t h e  tumor incidence is no t  a f f ec t ed  

appreciably w i l l  provide Information a s  t o  whether t h e  nodules 

are  independent of  ovarian con t ro l  or r e g r e s s  in t h e  absence 

of  ovarian hormones. 

Cas t r a t ion  

Some success has  been a t t a i n e d  i n  the  development of 

technics  f o r  r o u t i n e  adrenalectomy and hypophysectomy of 

mice. The use o f  t he  t r i p l y  operated mouse (hypophysectomized- 

adrenalec tomi zed-ovari ec t omiz ed) w ill eventua l ly  be 

requi red  t o  analyze f u l l y  the  hormonal i n t e r a c t i o n s  Fnvolved 

i n  nodule and tumor induction. 

Nodules, p a r t i c u l a r l y  i n  p r e l a c t a t i n g  glands, are o f t e n  

f i l l e d  with a sec re t ion  f r equen t ly  ind i s t ingu i shab le  from 

milk. Studies  w i t h  oxytocin are  being conducted t o  see 

whether or  n o t  these  nodules w i l l  ' l e t -don"  milk i n  t h e  

same way as normal l a c t a t i n g  glands. Some evidence for t h e  

existence of non-reactive nodules has  been obtained, and an 
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a t t & p t  i a  being made t o  c o r r e l a t e  t h e  response wi th  presence 

or Bbsence of myoepithel ia l  c e l l s  i n  the  nodules. 
: E  > - 
5 1  

- _ -  > c  

The poss ib l e  r o l e  of t h e  adrena l  c o r t e x  I n  the mammary - 
% a 

' p c  
response t o  es t rogen  a d n l n i s t r a t l o n  is being Invest igated.  

Although no s i g n l f  i c a n t  adrenal  hypertrophy occurred i n  

e s t rogen- t r ea t ed  C3H mice, B Alb C mice shorn notab le  adrena l  

r t rophy coupled ri th so-ca l led  "brown degeneration" 

- _  - 
r 
L 
L 

of t h e  Inner c o r t i c a l  zones. 

which show t h a t  es t rogen reduces t h e  r e s i s t a n c e  of mice t o  

s t r e s s o r s  ( formalin,  cold,  i n a n i t i o n )  and t h a t  t he  r e l a t i o n  

of adrenocor t ica l  s t imula t ion  t o  continued estrogen dosage 

needs t o  be considered. 

(Bern, DeOme, F'runk, Wellings, Campbell, B l a i r ,  Harkness, 

Nandi, Rosen, Crosby. Professor C. H. Lj kindly suppl ied 

the  prolac t i n  employed.) 

S t u d i e s  have been completed 

The e f f e c t  of c a s t r a t i o n  a t  d i f f e r e n t  ages upon t h e  

incidence of mammary tumors i n  female C 3 H  mice is being 

s tudied.  Previous s t u d i e s  have s h o w  t h a t  c a s t r a t i o n  a t  
' an e a r l y  age ( l e s s  than 2 months) will prevent  the  

appearance of mammary tumors, whereas c a s t r a t i o n  a t  l a t e r  

ages w i l l  no t  prevent  t h e  development of tumors. S tudies  

now I n  progress  Ind ica t e  t h a t  t h e  o lde r  t h e  mice a t  t h e  

time they are cas t r a t ed ,  t h e  higher  the tumor lncidencs.  

For example, no tumors appeared i n  animals  c a s t r a t e d  a t  

60 d a g s  of age, whereas a large number appeared In those  

I I b 4 3 3 1  
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a t e d  a t  150 days of age. An attempt i s  being made 

t o  a ' j cer ta in  the  inf luence  of t h e  adrenal upon tumor 

, -  inc idence  i n  c a s t r a t e d  mice. 
- 
- !  

( P i l g r i m  1 7 -  - - 
c' 

c- - 
2. I n  vitro Studiea.  

Su rg ica l  d i f f i c u l t i e s  make i t  impossible t o  observe t h e  

a s t i c  t ransfermat ion  i n  l i v i n g  mice. Because of these  

d i f f i c u l t i e s  i t  would be u s e f u l  t o  maintain normal and 

precancerous mammary gland  t i s s u e  i n  c u l t u r e  so that changes 

could be  observed. I n i t i a l  a t tempts  t o  c u l t u r e  the  mammary 

hyperp la s t i c  nodule i n  v i t r o  by Fell's organ-cul ture  method 

have been successful .  Nodules removed from t h e  mammary 

gland under s t e r i l e  cond i t ions  have been maintained f o r  

s e v e r a l  weeks by subcul tur ing.  

e x h i b i t  only a s l i g h t  tendency t o  f o r m  c e l l u l a r  outgrowths. 

Fortunately such c u l t u r e s  

Experiments a re  now 3e ing  s e t  up which w i l l  al low us 

t o  determine t h e  fol lowing:  

o f  nodules i n  v i t r o  and t h e i r  subsequent t r m s p l a n t a b i l i t y ;  

2) t he  e f f e c t s  i n  v i t r o  of hormones known t o  a f f e c t  mammary 

t i s s u e  i n  vivo; 3) t h e  d e v e l o p e n t  of nodules from mice 

p r e t r e a t e d  with var ious  hormonal combinations; 4) the e f f e c t s  

of  carcinogens added t o  t h e  c u l t u r e  medium; 5 )  the  Inf luence  

o f  high pH o f  the c u l t u r e  med ium,  r epor t ed  t o  cause 

e p i t h e l i a l  p r o l i f e r a t i o n  i n  t i s s u e  c u l t u r e s  of  mammary tumm 

1) t he  course of development 

c e l l a .  It l a  hoped t h a t  thee0 etudiee n i l 1  provide Information 
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ta-e’ development p o t e n t i a l  of hype rp la s t i c  nodules. 

( E l i a s ,  & h e ,  Bern, F’runk) 

r(r 

v l ?  
7- 3 
c x  
t a , incidence o f  mammary tumors and the  demonstrated prerence 

- THE STATUS OF THE blAJdlURY TUMOR VIRUS ;N STRAIN A / C d  mCE. 

The l a c k  of correspondence between t h e  increas ing  2 -  

ary tumor v i r u s  i n  A/Gal mice has  been s tudied  f o r  

1 years.  P r io r  to four  years  ago t h i s  s t r a i n  had been 

e s s e n t i a l l y  f r e e  of mammary t umors  and of v irus .  Since t h a t  

time the  mammary tumor incidence has i nc reased  as  the  r e s u l t  

of s e l e c t i o n  t o  more than  75”h. Three success ive  v i r u s  t c 3 t s  

during t h e  l a s t  four gears have shown t h a t  t he  demonstrable 

mammary tumor v i r u s  has  n o t  increased  i n  proport ion t o  the  

Incidence of mammary tumors. 

i n  t he  mammary glands of these  mice, and the  present  high 

incidence of b r e a s t  cancer  suggest t h a t  some v i rus - l ike  

i n c i t i n g  agent is p-esent ,  bu t  poss ib ly  i n  a changed s t a t e .  

Addit ional  experiments a r e  being o a r r i e d  out  t o  c l a r i f y  t h i s  

s i t ua t ion .  

The presence of “precancerous l e s i o n s ”  

(DeOme, fiunk, Barnawell)  

THE TUMOR SPI3CTRIR.I OF W I L D  MICE. 

The need f o r  experimental  animals with tumors of  t he  

g a s t r o i n t e s t i n a l  and reproduct ive  t r a c t s  Prompted a sea rch  

ror new s t r a i n s  of mice which might have tumm s of these 

types. 

types of tumors f o r  many genera t ions ,  it seemed poss ib le  

s i n c e  l abora to ry  mice have been Se lec ted  f o r  o ther  

I l b l i 8 3 3  
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t h a t  un’eelected wild mice might show the dee l r ed  twnor types,  

end could  be used t o  e s t a b l i s h  new l abora to ry  s t r a i n s .  Wild 

mice w6re c o l l e c t e d  from the s a l t  marshes adjacent  t o  S a n  

Francisco Bay and were maintained i n  the  l a b o r a t o r y  unt i l  
. n c  

- .. 
I 

r r they dled.  Severa l  i nb red  l i n e s  were e t a r t e d  t o  e s t a b l i s h  
i -  

? - whatevbr new c h a r a c t e r i e t i c s  might be  p re sen t  i n  the w l l d  
- c  - 
5 2 : ; ” : ;  j: 

3 : r2  use gpopulation. A s u f f i c i e n t  number of w i l d  mice and 

t h e i r  immediate descendants have dled 8 0  t h a t  a preliminary 

picture of t h e i r  tumor incidence can be presented. 

Unfortunately,  the  spectrum o f  tumors among wl ld  mice does 

not d i f f e r  s l g n i f i c a n t l y  from that found i n  l abora to ry  mice. 

The inbred  l i n e s  a re  not y e t  o l d  enough t o  r evea l  d i f f e rences  

i n  tumor incidence. 

Tes t s  for t h e  presence of the mammary tumor v i r u s  among 

wild mice a r e  n e a r l y  complete and r e v e a l  tha t  l i t t l e  I f  any 

v i r u s  is present ;  however, mammary g land  p repa ra t ions  from 

some wild mice show “p recance rou~  lesions” similar t o  those 

found in vi rua- infec ted  labora tory  mice. Tes t s  for gene t i c  

r e s i s t a n c e  t o  manmary tumor a r e  n o t  ye t  camplete, but 

suggest t h a t  the w i l d  mice are r e s i s t a n t .  

The resistance of  wi ld  mice t o  X-ray i r r a d i a t i o n  ha8 

been s tudied,  but again the  wild mice do n o t  d i f f e r  

s l g n l f l c a n t l y  from the l abora tory  mice. 

(De-e, Barnawell) 
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The- degree of v a r i a b i l i t y  e x i s t i n g  among t h e  ind iv idua l  
I-:- 

c e l l s  w i th in  t h e  c e l l  populat ion comprising a tumor is of 
L 
P- - - both  t h e o r e t i c a l  and p r a c t i c a l  s ign i f icance .  For example, 

t h e  search f o r  a chemotherapeutic agent f o r  cancer depends 

upon the assumption t h a t  a l l  of  t h e  c e l l s  wi th in  a tumor c e l l  

- 

- 
c. ;- 

- - _  2 ta a gL3en agent. 

populat ion a r e  s u f f i c i e n t l y  a l i k e  so  t h a t  they w i l l  respond 
7 -  ‘- y 

‘ L Z ,  - - : 5  

- -- 

Whether o r  no t  c e l l  v a r i a b i l i t y  i s  

s u f f i c i e n t l y  low t o  make success fu l  chemotherapy likely, 

has n o t  been demonstrated by a c t u a l  t e s t .  

Seve ra l  years ago w e  s t a r t e d  a s e r i e s  of experiments 

t o  t e s t  t h e  v a r i a b i l i t y  of mammary tumor c e l l  populations,  

us ing  t r a n e p l a n t a b i l i t y  t o  d i f f e r e n t  but c l o s e l y  r e l a t e d  

s t r a i n s  a s  t h e  c r i t e r i o n  of v a r i a b i l i t y .  Kowever, t h e  

experimental  design w t s  so r igo rous  a s  t o  exclude most of  

t h e  tumors t e s t ed ;  hence, t he  r e s u l t s  obtained t o  da t e  a r e  

no t  r e p r e s e n t a t i v e  of mammary tumors of t he  mouae. The 

r e s u l t s  obtained f r o m  t h e  “a typ ica l ”  tumors ind ica t e  that 

t h e  v a r i a b i l i t y  i s  very grea t .  

been started which will allm i nc lus ion  of a g r e a t e r  number 

Lese r igorous  t e s t s  have 

of spontaneous tumors. 

AN A ~ J I W ”  TO TRACE TBE MAJJWARY TDMOR VIRUS I N  TISSUES OF MICE. 

The mechanism by which the mammary tumor v i r u s  prodwes 

mammary tumors i n  t h e  mouse l a  unknom. Mice i n f e c t e d  w i t h  

I l b 4 8 3 5  



DOCUMENT SOURCE 

University of California at Berkeley 
The Bancroft LibrarylThe Univendy Archives,-Berkeley CA 

/. Prh .. ( I J I / J L ~  ; PAW 

11 
z y L -  Dehte e t  d e  - - c - = -- 

- 7  
J ' -  

7 

i 
B Puring the  f i r s t  month o f  l i f e  develop tumors 8 t o  11 

c" _- 5 month$later .  A knowledge of the f a t e  of tha  v i r u s  during 
1 

the period between i n f e c t i o n * a n d  tunor formation m i g h t  g ive 

some i u e a  t o  t h e  method by which t h e  v i r u s  i n i t i a t e s  tumorso 

The ' l f luoreacent antibody" method of Coons is being developed 

as a promising approach t o  t h e  l o c a t i o n  of v i r u s  i n  the host.  

[Alfer t ,  DeOme, Golds te in ,  w i t h  t he  co l l abora t ion  o f  R. C. 

% z  - = 
c 

, -  
E a&&~# of  the  Virus Laboratory) 

REASON FOR THE EARLY ONSET OF b!AMNiARy TUMORS I N  A/Ne MICE. 

A new suba t r a in  of A/He mice has appeared i n  t h i s  

laboratory.  

a very early age of onse t  of mammary tumors but  r e t a i n s  the 

same high incidence a8 i t a  parent s t r a i n  (A/He) .  

early age of onset of tumors usual ly  implies an i nc reased  

genet ic  s u s c e p t i b i l i t y  t o  tumors or an i nc reased  potency of 

the  tumor-inducing agent, It follows t h a t  an i .nvest igat ion 

of' the difference between A/Ne and A/He mice ahould y i e l d  

The new suba t r a in  (A/Ne) i s  c h a r a c t e r i z e d  by 

Since m 

' valuable information p e r t i n e n t  t o  these two points .  A 

series of experiments i s  under way designed t o  r e v e a l  

possible di f fe renoee  in gene t i c  s u s c e p t i b i l i t y ,  In  the 

quant i ty  o r  q u a l i t y  of the mammary tumor v i r u s ,  and i n  

endocrine a c t i v i t y  in t h e s e  two s t r a i n s .  

(Beebe) 
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Mammary tumors can be produced i n  mice by means of e i t h e r  

v i r u s  or chemical carcinogens. 

known t o  produce tmnors i n  mice, but i t  i s  n o t  known whether 

or n o t  X-ray i r r a d i a t i o n  can produce mammary tumors i n  the  

absence of chemical carcinogen6 or the  memmary tumor virus. 

X-ray i r r a d i a t i o n  i s  a l s o  - 
- - 
A _ -  
I d  

- 
-> I - - z :  
.-. 

E&psi.&ents were conducted t o  answer this question, 
,- - -  - .  
-~ 

. A? hybr id  mouse was produced w i t h  f u l l  genet ic  s u s c e p t i b i l i t y  i) 

t o  mammary tumor but  without the  mammary tumor virus.  These 

hybr id  mice were i r r a d i a t e d  with doses o f  X-ray varying from 

0-700 r. The experiment is no t  completed, but  i t  i s  a l r e a m  

c l e a r  t h a t  X-ray i r r a d i a t i o n  1s not comparable t o  e i t h e r  

v i r u s  or chemical carcinogens as  in  i n c i t o r  of mammary tumors 

i n  these hybr id  v i r g i n  female mice. 

has been s t a r t e d  using breeding female mice of the same 

gene t i c  composition. 

(DeOme, wi th  t h e  co l l abora t ion  of Henry Kohn and Robert 

A s i m i l a r  experiment 

K a l l m e n  of the  Radio logica l  Laboratory) 

I STUDIES OF NORMAL AND ABNORMAL KERATINIZATION. 

I 

Cgtochemiaal studies of k e r a t i n  formation in the 

vagina, i n  me tap la s t i c  l e s ions ,  and I n  the epidermis have 

been continued. Vaginal k e r a t i n i z a t i o n  i n  the r a t  r e s u l t i n g  

from estrogen treatment has been d is t inguished  from t h a t  
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h i s t o i o g i c  c r i t e r i a  and of cytochemical d i f f e rences  i n  the 

d i s t r i b u t i o n  of a l k a l i n e  phosphatase, RNA, su l fhydry l  groups, 

ate. 

pros ta te ,  microspectrophotometric measurements of nuclear  

'L - 
0 

In estrogen-induced k e r a t i n i z i n g  l e s i o n s  i n  the  mouse 
t - c  
E -  _ -  

', 

DNA and pro te in  r e v e a l  a p a t t e r n  of nuc lea r  degenerat ion 

- . d i f f e r i n g  from t h a t  t y p i c a l  o f  pycnot ic  degeneration. 

i 5 

u 5 -  

- c  - -  - - -  h i d e r m a l  s t u d i e s  have r e s u l t e d  i n  some Information on t h e  
^ L  e 

. .  - .  

- n a t J r d  of t he  kera tohyal in  granules  of the s t ra tum panu losum,  

which ev iden t ly  inc lude  a RNA component along wi th  cons iderable  

phospholipid a?d show l i t t l e  evidence f o r  any d i r e c t  

r e l a t  ion t o  the k e r a t i n i z a t i o n  process.  

Radioautographic s tuclies with S35-cystine, P32-phosphate, 

c14-amino ac ids  and oarbonate  have been completed and allow 

us  t o  present  e workLng hypothesis  o f  t h e  chemistry of 

k e r a t i n  formation. I n  t h e  formation of both " so f t "  k e r a t i n  

(es t rogen- t rea ted  va$na, esophagus, epidermis)  and ''hard'' 

kerat:n ( h a i r  shaft, tongue p a p i l l a e )  i n  t h e  mouse, similar 

processes  seem t o  occur. There i s  a s p e c i f i c  concent ra t ion  

of rad iocys t ine  (presumably as cys t e ine )  by t h e  keratogenous 

zone i n  h a i r  format:on a ~ b  by an analogous sub-corneal 

zone i n  "sof t"  keratin-forming t i s s u e s .  T h i s  concent ra t ion  

I s  evident ly  accomplished by c e l l s  which, a l though dying, 

-9 never the less  capable  of ca r ry ing  on p r o t e i n  syn thes i s  

in the  fom of k e r a t i n o  P ro te ins  moving up i n  c e l l s  from 

i 
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t h e - G o l i f e r a t i n g  l a y e r s  would seem t o  undergo hydro ly t i c  

d&om.osition i n  t h e  keratogenous zone where cys t e ine  is 

incorporated i n  t h e  syn thes i s  of new pro te in .  

sulfhydryl  groups of  c y s t e i n e  a r e  then ev iden t ly  oxid ized  

t o  d i s u l f i d e  t o  form cross- l inkages between the polypept ide 

_ I  

The 

r - 
- -  

i- chains.  

r - - 
I d  
C 

< &  
- Additional radioautographic  s t u d i e s  on t h e  d i s t r i b u t i o n  

of rad iocys t ine  during t h e  h a i r  cycle ,  i n  t h e  female g e n i t a l  

ac& i n  var ious  endocripe s t a t e s ,  and i n  t h e  normal 

organism genera l ly  a re  being compJ.eted, 

(Bern, A l f e r t ,  Harkness, B l a i r )  

RUMAN C Z R V I C A L  TUMORS. 

H w a n  tumors, l i k e  t h e  we l l  h o r n  aulrnal tumors, a r e  

probably the  r a s u l t  of t h e  i n t e r a c t i o n  between he red i t a ry  

and environmental f ac to r s .  Previous s tud ie s .have  f a i l e d  

t o  r evea l  c o n s i s t e n t l y  s t rong  h e r e d i t a r y  predisposing 

f a c t o r s  i n  t h e  occur3ence o f  cancer of t he  u t e r i n e  cervix 

i n  the  human female; hence, a search for enviromental 

f a c t o r s  was undertaken. 

Inf luence the  incidence of c e r v i c a l  cancer were soueht i n  

t he  h i s t o r i e s  of women who had recovered from c e r v i c a l  cancer.  

More than f i f t y  p a t i e n t s  and a l i k e  number of cont ro l8  

(matched f o r  age, r ace ,  sex, and r e l i g i o n )  were interviewed 

by one questioner.  

and the  presence or absence of the  s e l e c t e d  environmental 

Environmental f a c t o r s  which might 

Complete family h i s t o r i e s  were obtained, 
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' A  comparison of t he  incidence of a l l  types of tumors 
L, 

or  of c e r v i c a l  cancer only between the f a m i l i e s  of c e r v i c a l  

cancer p a t i e n t s  and t h e  f m i l i e a  of t he  con t ro l s  r evea led  

no differences which would suggest t he  presence of s t rong 

h e r e d i t a r y  predisposing f a c t o r s ,  

s e l e c t e d  environmental f a c t o r s  only those i n d i c a t i n g  

6n2ocrine dis turbances were found with a s i g n i f i c a n t l y  

g r e a t e r  frequency among c e r v i c a l  cancer pa t i en t s .  

i n t e n s i v e  search f o r  s p e c i f i c  t ypes  of endocrine dis turbances 

c o r r e l a t e d  w i t h  the  presence of  human c e r v i c a l  cancer 1s 

i n  dic  a t e  d . 

- 
< 

Among the groups o f  - - 
- -  
P - 

L" _ -  - 
- E - 

An 

This m a t e r i a l  was c o l l e c t e d  as a cooperative p r o j e c t  

with Kaiser Foundation Hospi ta ls .  

i n to  t h e  doctoral  d i s s e r t a t i o n  o f  I. Rotkin and 1s being 

prepared f o r  publ icat ion.  

It  has  been incorporated 

Publ icat ions:  

A l f e r t ,  M. Compoaltlon and St ruc tu re  of' G i a n t  

Chrornoaornee. I n t e r n a t i o n a l  Review of CytOlOgye 2:131-176, 

1154. 

A l f e r t ,  M. Q u a n t i t a t i v e  Cytochemical Studies  on 

Pa t t e rne  of Nuclear Growth. Experimental Cel l  Research 

Supplement, 1955 (in prees).  

af t h e  Cnternat ional  Society f o r  Ce l l  Biology a t  Lelden, 

Holland, September, 1954. 

Presented a t  Eighth Congreaa 
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: Dif fe ren t  Functional S t a t e s .  Aata Ariatomica, 1355 ( i n  p res s ) .  

> -  

0 f 
+- I n f l u e n y  on Nuclear Synthesis. 

Microspectrophotometric Studiee on Rat Thyroid Nuclei i n  

IV. Karyometric and 

- 

c 

Alfe r t ,  Me; Bern, H. A.; and A l f e r t ,  E@ Hormonal 

i -  Influbnee on Nuclear Synthesis. 111. On the  E f f e c t  of 
o : .e - t 

Fixa t ion  on Nuclear Volume. 

Xlkroskopie, 1955 (in p r e s s )  

Ze i t s ch r i f  t f b  wissenechaf t l iche  

Bern, H. A. Hlstolngy and Chemistry of Kera t in  

Formation. Nature =:509-511, 1954. 

Bern, H. A., and A l f e r t ,  M. Hormonal Inf luence  on 

Nuclear Synthesis. 

P ro te in  Content of Renal Nuclei in Cas t ra ted  and Testosterone- 

t r e a t e d  Mice. 

11. Volume , Desoxyribmucleic  Acid and 

Revista B r a s i l e i r a  de B lo?og ia  a(1) :25-29, 

19540 
Bern, H. A.; Harkness, D. R.; and B l a i r ,  S. M. 

Radioautographic S tud ie s  of Keratin Formation. Proceedings 

of the  National Academy of Sciences, 1955 ( i n  press). 

Presented a t  Socie ty  of Experimental Biology and Medicine- 

A.A.A.S. Meetings, December, 1954. 
Bern, H. A.; H w h e S S j  D. R e ;  and B l a i r ,  S. M. Stud ies  

of Vaginal  Kera t in i za t ion  with the A i d  of Radiocystine. 

J. Clin. Endocrinol. & Metab, 32797 1954 ( a b s t r a c t ) .  

B l a i r ,  s. M., and Bern, E. A. A Comparison o f  Vaginal 

Kera t in i za t ion  in Vitamin A Deficiency and After Estrogen 

A h i n i e t r e t i o n .  Presented a t  Western Socie ty  of Naturalists- 
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A.A.2.S. Meetings, December, 1954. 

Campbell, R. A.; Bern, H. b o ;  and DeOme, KI B .  The L L  

T L  
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Adverse E f f e c t  of Estrogen on the Resistance of Mice t o  
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A.A.A.S. Meetings, December, 1954. E L  
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Estrogen on the. Rat Vagina. Am. J. Anat. %(2):309-336, 1954. 

To the  Question o f  Somatic Makino, S., and Al fer t ,  M. 

Reduction Divis ions  i n  Sea Urchin Micromeres. 

1954 ( i n  p r e s s ) .  
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PURPOSE OF INVESTIGATION 

The major t o p i c s  t h a t  a r e  be ing  i n v e s t i g a t e d  i n  OUT 

cancer  reseaL-ch progran nre: 1) A co?nparatlre study o f  t h e  

metabolic r eac t ions  erid b iochenics l  p r o p e r t i e s  of normal 

and n e s p l a s t i c  C e l l s .  2 )  Stuc?y of  t h e  e f f e c t  o f  t h e  

neopl.astlc process  on t h e  m t a b o l i c  r e a c t i o n s  and biochemical 

p rope r t i e s  of t h e  hos t .  3) Chemotherapy s t u d i e s  on cancer  

based on t h e  p r i n c i p l e s  of metabol i te  antagonism and 

radiomimetic act ion.  4) Studg o f  t h e  mechanisms of the 

d e v e l o p e n t  of drug r e s i s t a n c e  i n  cancer. 

Through the comparative s tudy of t h e  metabolic 

r eac t ions  and chemical p r o p e r t i e s  of neop las t i c  and normal 

cells, i t  is hoped t h a t  eventua l ly  d i f f e rences  between 

the cancer and t h e  n o m a 1  w i l l  be discovered t h a t  can be  

employed f o r  t h e  d e v e l o p e n t  of e f f e c t i v e  measures for 

t h e  diagnosis ,  t reatment ,  and c o n t r o l  of neoplasms. 

METABOLIC STUDIES ON TUMORS 

A spectrum of mouse and r a t  tunore  a r e  being s tudied  

for di f fe rences  i n  chemical end metabol ic  propert ies .  

I I 6 4 8 4 3  
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Wide d i I fe rences  have been observed i n  t h s  conten ts  of the  

f r e e  amino ac ids  and nuc le ic  €cidso "he d i f f e rences  a re  

of such a magnitude that they warrant comparative s t u d i e s  

on t h e  s f feo t  &widely d i f f e r e n t  t unor s  on the  ae tabol i sm 
"1 
' I of the t-mor-bearing hos t s  Such arl investigat 'on should 

d i s t i n g u i s h  bstween metabolic derangements which mJy be 
- 

e l a t e d  t o  t h e  s p e c i f i c  me*;abollc p a t t e r n  of t h e  tumor and 

i c h  a r e  a gmara l  condi t ion of neoplas iao  

MECHANISMS OF PROTEIN SYNTHZSIS 

This i s  being approached 'a:* i n v e s t i g a t i o n  of the e f f e c c s  

of  chemical anslogues of c e r t a i n  amirio ac ids  on the  

incorpora t ion  of r ad ioac t ive  aml110 ac ids  i n t o  the  p ro te in  

o f  the  Ehr l ich  a s c i t e s  ca-cinomk, Two types  of metabol i te  

an tagonis t s  appear t o  be msrgiug from t h i s  workc One type 

e x e r t s  an independent i n h i b i t i o n  cm i t s  congener and does 

n o t  i n t e r f e r e  with t h e  incorporEtion of un re l a t ed  amino 

acids.  

a l l  amino ac ids  80 long as t h e  ccngener amino ac id  

remains unavai la>le ,  Evidence has  a l s o  been obtained o f  

t he  manner of u t i l i z a t i o n  of phosphate bond energy i n  

pept ide synthesis .  We f o o l  t h a t  t h i s  inves t iga t ion  should 

throw new l i g h t  on t h e  mechanism of ac t ion  of amino a c i d  

The o ther  type appears t o  block incorpora t ion  of  

an tagonis t s  and consequently w i l l  con t r ibu te  t o  the  

understanding of the  use of an t imetabol i te8  in the c o n t r o l  

of neop las t i c  growth. 
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CHEMOTHERAPY 

I n  t h e  f i e l d  of  cancer  chemotherapy it  i s  important 
- 

- L  

t 1 -  

_-I - -  - . -  
+.o cons tan t ly  t e s t  aga ins t  t h e  de fec t s  of present  methods 

and t o  develop improved methods. 

_ -  
f i  
I -  

Since the  f r e e - c e l l  a s c i t i c  form of a tumor has  been 
J) 
-& 2 

- _  shown t o  be more suscep t ib l e  to  chemotherapy v i a  

f n t r a p e r i  toneal  i n j e c t i o n ,  we have attempted t o  develop 
.. 
_ -  ~ 

~ . an @sortment of  these  a s c i t e s  tumors f o r  preliminary 
, %  

K i -  : & - = Z  
8 : - - - bcr&ning t e s t s .  Three of o u r  5 mouse tumors (Ehr l ich  

carcinoma, Gardner lymphosarcoma, and the  CjH-SX mutation 

o f  tha Chlnkin mammary carcinoma) and the  r a t  tumor 

(V/d>.e? -?56 carcinosarcoma) have adapted t o  growth and 

trm-?r_=?;:.1;':ing i n  t h e  a s c i t i c  formo 

S Tcluation of canzei>oe:;atic acti-J5.57 on these f r ee -  

cel!. ?cJrms i s  basee on 1) to';al w s ? . F j l t  gain,  2 )  a s c i t i c  

f l l - l d  :reig1itr 3) packed c e l l  volume of the a s c i t i c  f l u i d ,  

a??. 4) Gegree of s o l i d  t m o r  growth i n  t h e  peritoneum. 

A l l  coTpounds screened he re  a r e  now t e s t e d  f i r s t  

ageir .s t  the  a s c i t i c  tumor which has  been shown t o  be most 

sensi t? .ve t o  a r e l a t e d  known cance ros t a t i c  agent (See Table 

I )  e Scmpouqds p-oving e f f e c t i v e  unCer thess  condi t ions  

a r e  t e s t e d  f u r t h e r  on o the r  a s c i t e s  and s o l i d  tumors and 

v i a  o the r  r o u t e s  of adminis t ra t ion.  

To da te ,  th is  procedure has shown one sulfur-mustard 

analogue synthesized i n  our  l abora to r i e s ,  t o  be as 

e f f e c t i v e  as N-mustard aga ins t  t h e  3 a s c i t i c  t m o r s  t e s t ed ,  
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i.8; both  produced complete regression o f  the f r e e  c e l l  

f o r m s  of the Ehrlich and C3S-SX tumors. 

charadterization of this compound, against  s o l i d  tumors and 

by varying routes ,  i s  in progress.  

krrther 
- 

. 

TABLE I 

E f f e c t  o f  Known Canceroetatic Agents on 
Differant Forms of Some Mouse Tumors 

Aecitis Tumors W r e t t  -, . U 2 7 .. a m t o  - 
L Solid p + :  g a >  Zhrl ich Cardner C3H-SX 

0 - - -  
- -  

Pree Solid Free S o l i d  Free S o l i d  -* 
carc. cel l  ce l l  _ _ _ _ _ -  

bine-Pyrimidine : 
8-kaguanine 
6-brcap t op~rine 
Thicguanine 

Miscellaneous : 
llminopterin 
Uretban 
ACTH 

+ t +  
* +  

+ 
tt( t oxic 1 
++(toxic) 

+ 
+ 

.I+ 

+ 

- 4-l. + + + 
+ - ++ + 

+ - 

+ - 
+ 

(toxic) 

- - + - + IQleran ( T k d P  C@.) 

++ complete regression (or 9 ~ 5  E s o l i d  tumors) 
+ moderate regression ( 50-75s 5 " 
3 slight regression ( 25-505 c " 'I 1 
- no effect 
t increamed tumor growth 
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GENERAt METABOLISM AND ENZYME STUDIES 

There a r e  t h r e e  e s s e n t i a l  l e v e l s  of cancer research:  

1) C l i n i o a l  research  on cancer  p a t i e n t s ;  2)  r e sea reh  on 

experimental cancer with neoplasms; and 3) r e sea rch  on the  

fundamental b a s i s  o f  l i f e  processes.  

provides the  pool of information upon which t h e  other two 

must draw. 

: ;Basic r e sea rch  in our Lnboratory c o n s i s t s  of a s tudy of 

the pathways of metabolism and r e a c t i o n s  or t h e  amino acids ,  

phospholipid bases  and one-carbon compounds. Gra t i fy ing  

progress  i s  being made which i s  worth mentioning b r i e f l y  

here. 

s e r i au  -*om glyc ine  and formaldehyde. Coenzyme requirements 

of t h i s  enzyme system a r e  t e t r ahydro fo l i c  a c i d  and pyridoxal  

phosphate. I n  the s tudy of t h e  metabol ic  degradation of  

t he  e s s e n t i a l  amino a c i d  threonine,  one enzyme, threonine 

dehydrass, which conver t s  th i s  amino ac id  t o  a-ketobutyric 

ac id  h a s  been c r y s t a l l i z e d .  Another one, threonine 

a ldolase ,  which s p l i t s  threonine t o  acetaldehyde and g lyc ine ,  

has been considerably p u r i f i e d  and i t s  p rope r t i e s  s tudied.  

Progress  is being made I n  developing t h e  step-by-step 

The l a s t  named 

r c  > 

An enzyme system has been obta ined  which synthes izes  

pathways of the metabolism of va l ine ,  t h e  leuc ines ,  a- 

aminobutyric acid,  methionine, h i s t i d i n e ,  e t c  . S i g n i f i c a n t  

r e s u l t s  a r e  a l s o  being developed i n  c l a r i f y i n g  t h e  metabolic 

cyc le  d t ransformation of s e r i n e  t o  g lyc ine  t o  ethanolamine 

to chol ine and back t o  glycine.  



- 
- -  _ . C  e c -- 

6 
G r  eenberg 

S OF COMPOUNDS FOR METAROtIC AND THERAPEUT'IC STUDIES 
. . L  - ,  

3 '  

"J ? - -  
The importance of our Laboratory f o r  t h e  synthesis  of c.. - 

compounds for t h e  metabol im and chemotherapy s tudies  cannot 

be overemphasized. 

cons tan t ly  being prepared. 

Compounds of  p o t e n t i a l  i n t e r e s t  a r e  

Many, of course, a r e  i s o t o p i c  

' compounds commonly cantainlng Cr4 or S35. Mention of 
L -  

; c  L 
these compounds appear i n  the list of' publicat ions 

Pub1 i c  a t  ions : 

Gal ,  E. M., and Greenberg, D. Me Non Speci f ic  Reversal  

by Vitamins of I n h i b i t i o n  of Ethanol Oxidation by Antabuse 

(tetraethglthiuramidisulfide) i n  the Rat. 

Exp. B i o l .  Med., E:252-54, 19%. 

Proc. SOC. 

Greenberg, D. M., and Sassenrath,  E. N.. Non Conversion 

of Arabinose and Ribose t o  Glycine. Biochim. e t  Biophys. 

Acta, s:150, 1954. 

Hendler, R .  W., and Greenberg, D. M. On the 

Signif io  ance o f  > 4 l u t  amyl Trans pept i  dat ion in Peptide 

Biosynthesis. Biochem. J., 2:6@-49, 1954. 

ginnory, D. S.; Takeda, Y.; and Greenberg, D. W. 

Chromatography of Carboxylic Acids on a S i l i c a  Gel Column 

w i t h  a Benzene-Ether Solvent Systsm. 

( i n  press) .  

J. Biol.  Chem., 

ginnory, DO So; Takeda, Yo; and Greenberg, D. M. 

Isotope S tudies  on t h e  Metaboliem of Valine. J. Biol. 
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of Threonine by Threonine Aldolase. J. Gene Phgsiol., 

3: 181-96, 1954.0 
- - _  lohamed, M e  So, and Greenberg, D. M. I s o l a t i o n  of 

J. Gen. Physiol., L 

P u r i f i e d  Copper Pro te in  from Horse Liver. 

S., and Greenberg, D. Me Note on New 

Procedure for I s o l a t i n g  F e r r i t i n  f r o m  Horse Liver. 

J. Gen. PhySiOlo, - 37 :440-443, 19540 

Morrison, D. C o  Character izat ion of c.-keta Acids 

as Quinoxalinola. J. Am. Chem. SOCC, 76:4483, 1954. 

Morrison, D. C. Synthesis of Glycol ,  b i s - (a lkgl  sulfites). 

J. Amo Chem, Soc., 2:3224, 19540 

Rabinovitz, M.; Olson, M. E.; and Greenberg, D. M. 

Independent Antagonism of Amino Acid Incorporat ion i n t o  

Protein.  J. B i o l .  Chem., 2:837-50, 1954. 

Sassenrath,  E. N . ,  and Greenberg, D. M. Tumor Host 

R e l a  t lonship  s . I . 
Concentrations of  C e r t a i n  Tis~ues. 

Effec ts  on Free Amino Acid 

Cancer Res., 9 5 6 3 - 6 9 ,  
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%as<not  y e t  progressed t o  t h e  point  o f  y i e l d i n g  d e f i n i t e  
s z <  
r e s u l t s .  We are planning t o  study growth processes i n  

t i s s u e  c u l t u r e  by a new c e l l  suspension technique and a t  

t h e  present  time a r e  " r e too l ing"  the  l abora to ry  t o  permit 

t h e  use of t h i s  new procedure. Cel l  counts,  determination 

of DNA (desoxyribonucleic a c i d )  and o t h e r  q u a n t i t a t i v e  

c r i t e r i a  will be used t o  eva lua te  the r o l e  of p r o t e i n  and 

nonprotein f a c t o r s  f o r  t he  n u t r i t i o n  of ch ick  c e l l s  i n  v i t r o e  

As opportunity permits we plan a l s o  t o  study the  v a r i a b i l i t y  

in c e l l  populations,  u s ing  s t r a i n s  e s t a b l i s h e d  from s i n g l e  

c e l l s  as s t a r t i n g  m a t e r i a l .  

Fublications:  

Hwris, Morgan. The Role of Bicarbonate f o r  Outgrovrth 

of Chick Heart F i b r o b l a s t s  i n  v i t r o .  J. Em. Zool., 

- 125~85-98, 1954. 
Harris# M,, and Kutsky, R e  J.. Synergism of Nucleo- 

p ro te in  and Dialysate  Growth Factors i n  Chick Rnbryo 

Ext rac t .  Exps C e l l  Res., 5:327-336, 1954. 
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I n  the  c u r r e n t  y e a r ,  most a t t e n t i o n  has  been given t o  

condi t ions  of  c u l t u r i n g  human t i s s u e  , p a r t i a l l y  because of 

t he  r e l a t i o n  t o  v i r u s  c u l t i v a t i o n  i n  c u l t u r e s  of human 

t i s s u e s ,  and p a r t i a l l y  because o f  t he  c u l t u r a l  v a r i a t i o n s  

between cancer  and normal c e l l s .  A l l  types  of  t i s s u e  

s tud ied  have been subjec ted  t o  a rou t ine  s e r i e s  of 

f r a c t i o n a t i o n  and ana lys i s  previously per fec ted  t o  fol low 

the  var ious  l i p i d  f r a c t i o n s  t h a t  show g rea t  v a r i a b i l i t y  

wi th  type of t i s s u e  and c u l t u r e  condi t ions.  

Grea te s t  progress  has been made i n  the knowledge of 

n u t r i t i o n a l  requirements  f o r  var ious types of t i s s U 8 J  and 

t h e  e f f e c t s  of s eve ra l  kinds of medium cons t i t uen t s .  For 

t h e  f i r s t  t h e ,  it has been poss ib le  t o  c u l t u r e  normal 

human t i s s u e s  s e r i a l l y  in an a l l  l i q u i d  medium, 1.e. 

without use of blood c lo t .  This fu rn i shes  an almost i d e a l  

type of system for many kinds of s tudy t h a t  could not  be 

performed when the t i s s u e  was imbedded i n  blood c l o t .  The 

c e l l s  can be t r a n s f e r r e d  i n  suspension, counted, 
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cula ted ,  f r e e d  of medium c o n s t i t u e n t s  f o r  a n d y t l c d .  

urpoae8, and used for a v a r i e t y  of purpoees t h a t  previously 

ere l h i t e d  t o  cancerous c e l l s  alone, which have been 
- .  + 
J = c u l t i v a t e d  under similar condi t ione  for some t h e .  

Comparative s t u d i e s  of  s eve ra l  cancer  c e l l  types  w i t h  

t h e  normal human ce l l s  under comparable condi t ions ,  both 

and chemical ly ,  have been grosecuted and a r e  

Pn e f f o r t  i s  underway t o  l o c a t e  a n u t r i t i o n a l  cons t i t uen t  

of embryo e x t r a c t  u l t r a f i l t r a t e  t h a t  i s  be l ieved  t o  be 

present  i n  impure v i tamin  B12 samples. Such samples were 

h igh ly  e f f e c t i v e  in a syn the t i c  medium addi t ive ,  bu t  

p u r i f i e d  vi tamin B12 samplee d id  n o t  have t h e  same e f f e c t .  

This d i f f i c u l t  problem is not  y e t  t o  a p o i n t  a t  which 

s i g n i f i c a n t  progress can  be reported.  

Publ icat ions:  

Cailleau, Relda, and Kirk, Paul L. The Inf luence  of 

Various Culture  Media on t h e  Growth of E a r l e t s  S t r a i n  L 

Cells and Chick Heart F i b r o b l a s t s  i n  v i t r o o  Jo Natl ,  

Cancer Inst., &:295-303, 19% 

Schaffer,  F. L.; Grunbaum, B. VI.; and Kirk, Paul Lo 

The Composition of the Saponi f iab le  Lipidea of Cul tured  

Tissue Cel la .  

S t r a i n  L. 

A Microf rac t iona t ion  S t u a  of E a r l e t  8 

Archo Bi0ch-m Biophys., 50:188-198, 1954. 
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&dim i n  Tissue Culture.  B i o l .  Rev., 2:119-153, 19540 

Z i t c e r ,  E l s a  M.; Cai l leau ,  Relda; and Kirk, Paul LO 
c: - 

I- 

I 

S e r i a l  Cu l t iva t ion  of Normal Human Embryonic C e l l s  

M r e c t l y  on Glass.  
c- '- 

Science,  =:507-508, 1954. 

Z i t c e r ,  E l s a  M. and Kirk ,  Paul L. The Ef fec t  of  

- Serum U l t r a f i l t r a t e  on Cul t iva ted  Mast Ce l l s  and 
I _  

0 .  

F k  - F i b r o b f a s t s  from Human Skino Science, 119:99, 19540 
i i L  L < - > <  
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-- T i t l e  of Pro jec t :  

Rela t ionships .  

S tud ie s  of  Fundamental Virus-Host C e l l  

n t i l  r e c e n t l y  only two mechanisms for a l t e r i n g  a 

hos t -v i rus  equi l ibr ium were gene ra l ly  recognized, On the 

p a r t  o f  a mammalian h o s t  t h i s  a l t e r a t i o n  could be achieved 

by change i n  the  immunological s t a t u s  of t he  ind iv idua lo  

On the  p a r t  of t he  v i r u s  i t  was caused s o l e l y  by the  

s e l e c t i o n  of spontaneous mutants. 

acceptance of the  p r i n c i p l e  t h a t  the  hos t  has  no inf luence  

on t h e  p r o p e r t i e s  of t h e  v i r u s  whose growth it  supports.  

There has  been general  

Some th ree  years ago we repor t ed  the  discovery of  en 

unusual  case  of hos t  c o n t r o l  over v i r a l  p roper t ies .  I n  t h i s  

I n s t m c e  passage through a new h o s t  r e s u l t e d  i n  a non; 

I n h e r i t a b l e  a b i l i t y  of the v i r a l  p a r t i c l e s  t o  reproduce i n  

some h o s t s  bu t  no t  i n  o the r s .  This  subjec t  o f  host-  

c o n t r o l l e d  v a r i a t i o n  i s  c u r r e n t l y  our major research  

p ro jec t .  

a spec t  of t h e  phenomenon: 

O u r  work has  been concerned w i t h  t h e  fol lowing 

The p rope r t i e s  of t h e  h o s t  c o n t r o l l a b l e  phage, 

The mechanism of the con t ro l  e f f e c t e d  by c e r t a i n  

s t sp!ry loc  0 2  c a1 c e l l s  F 
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- - < - - The behaviow of a l t e r e d  v i rus  with r e s p e c t  t o  the  
( -  
- r  - -  - formerly s u s c e p t i b l e  host.  

Extension of t he  phenomenon ta o the r  s taphylococcal  
_L' - strains . I .  

The a l t e r e d  v i r u s  was found t o  adsorb on the  o r i g i n a l  

- h o s t  c e l l a  but only a small  percentage of the v i r a l  

$ part i6 lss_  . w  groduced c e l l u l a r  d i s so lu t ion .  
, 

"he a l t e r e d  v i r u s  
> >  'd 1 

was produced i n  t h e  f i r s t  b u r s t  of s i n g l y  i n f e c t e d  h o s t  

c e l l s  r egs rd le s s  of t he  previous host.  Judging from the  

d a t a  presented i n  Reference 1 belorr t he  observed changes 

appear t o  be caused by h o s t  c o n t r o l  o v e r  t h e  formation of 

v i r a l  m a t e r i a l s  necessary for a successful  i n f e c t i o n  of t he  

o r i g i n a l  host .  

Pub1 ic a t  ions : 

Ralston,D. J., and Krueger, A. P. The I s o l a t i o n  of a 

Staphylococcal Phage Variant Suscept ible  t o  ah Unusual Host 

Control. J. Gen. Physiolo, 37:685-716, 1954. 
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This r e p o r t  r e f l e c t s  t h e  va r i ed  approaches t o  the 

problem of tba fundmen ta l  na tu re  of  cancer and therapy 

of malignant d i sease  c a r r i e d  out  i n  the  Donner Laboratory. 

These s t u d i e s  have ranged from a s t u m  of  t he  b i o l o g i c a l  

e f f ec t iveness  of  i r r a d i a t i o n  i n  yeas t  through s tud ie s  on 
b 

var ious  growth promotion f a c t o r s ,  t h e  r a t e  of syn thes i s  and 
, ,  

turnover  of nuc le l c  ac ids  t o  inves t iga t ions  of metabol ic  

a l t e r a t i o n s  in  human cancer and t h e  in t roduct ion  of  a new method 

for the t reatment  of carcinoma of t h e  breast in nomen by 
I r a d i a t i o n  of the p i t u i t a r y  with 340 mev. protons. 

desc r ip t ion  of the work c a r r i e d  out  i n  t h e  Various p ro jec t e  

A 

fo l lows  : 1 l l b 4 8 5 1  
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Stud ies  of Nucleoprotein Metabolism 

Blood Mixing Rates  i n  Leukemia wi th  Splenomegaly 

S tudies  on Blood Volume, I ron  Metabolism, and Red 

Cell Life i n  Malignancy 

Use of Various Experimental Techniques f o r  

Evaluat ing Red C e l l  L i f e  Span 

?StSt;$ies on Erythropoet ic  Hormone : :: 3 
Stud ies  o f  Body Composition 

.. 

Radiation Pro tec t ion  

The Problem of Leukemia in Polycythemia Vera 

R a u a t i o n  S t u d i e s  U t i l i z i n g  High.Energy Protons 

and Deuterons 

Diagnostic Techniques f o r  Detection of Radioact ive 

I so topes  i n  the  Human Body 

Biophysics o f  Growth and of Radiat ion E f f e c t s  

A Biophysical  Study o f  Fac to r s  Determining Surv iva l  

of  Cancer Populat ions 

Lipoprotein S tud ie s  of  F a t  Metabolism i n  Cancer 

c* These s t u d i e s  have been supported e i t h e r  in p a r t  or 

e n t i r e l y  by t h e  Atomic Energy Commissicb 

types of inatrumentat ion and r e sea rch  f a c i l i t i e s  n e c e s s i t a t e  

d i r e c t l y  t h e  use o f  cyc lo t rons ,  p i l e s ,  and r e l a t e d  a n c i l l a r y  

f a o l l i t i e s ,  

the f u l l  cancer r e sea rch  program of  t h e  Donner Laboratory of 

the  Universi ty  of Ca l i fo rn ia .  

The p a r t i c u l a r  

They a r e  r epor t ed  here  i n  t h a t  they  bear  upon 
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- condi t ions  i n  an e f f o r t  t o  learn more about t h e  f a c t o r s  

S t u d i e s  on t h e  r a t e  o f  formation of desoxypentose - r- ~ 

!- 

n u c l e i c  a c i d  (DNA)  have cont inued under various metabolic 
- . _  
I f  

c o n t r o l l i n g  the  r a t e  of c e l l  divis ion.  It I s  now w e l l  

e s t a b l i s h e d  t h a t  DNA precursors, such as the phosphate 

: ' [con$aining P3*) m e  incorporated i n t o  DNA only when a 

- 
> -_ -_ - - .  ' - 

c - :  - - ~ >  

c e l l  is increas ing  i t s  content of  DNA i n  preparat ion for 

d i v i s i o n ,  

good index of t he  o v e r a l l  r a t e  o f  c e l l  divis ion.  

Hence t h e  incorporat ion of  Pj2 i n t o  DNA i s  E 

A n  extensive se r ies  o f  measurements on the i n h i b i t i o n  

of  DNA synthes is  a f t e r  i r r a d i a t i o n  o f  normal t i s s u e s ,  

regenera t ing  l:ver, and two tumors has  been completed i n  

the p a s t  yeax, The t e n t a t i v e  conclusion has been reached 

t h a t  a n a j o r  por t ion  o f  t he  i n h i b i t i o n  i n  DNA formation 

is due t o  death of c e l l s  s h o r t l y  a f t e r  i r r a d i a t i o n  r a t h e r  

than t o  a s p e c i f i c  i n h i b i t i o n  of DNA synthes isc  Death 

of c e l l s  wi th ln  a f e w  h o w s  a f t e r  i r r a d i a t i o n  I s  a 

p a r t i c u l a r l y  prominent phenomenon i n  lymphoid t i s s u e s  

and probably accounts for t h e  d r a s t i c  i n h i b i t i o n  of DNA 

eynthes is  in lymphosarconas as compared t o  t h e  moderate 

i n h i b i t i o n  i n  mammary carcino3as.  However, i n  order  t o  

confirm this  hypothesis,  radioautographic  experiments a r e  

planned i n  which i t  W i l l  be poss ib le  t o  analy.. n e  events  
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The r a t e  of  DNA formation i s  being measured i n  var ious  

. .  = tissues of hypophysectomized r a t s  t o  determine the  ihf luence  

= t o f  p i t u i t a r y  hormones or t h e b  abeence on t h e  r a t e  o f  c e l l  

Prel iminary r e s u l t s  i n d i c a t e  t h a t  DNA formatian d iv is ion .  

i a  markedly reduced i n  a l l  organs of hypophysectomized r a t s  

- w i t h  the  poss ib l e  except ion of i n t e s t i n e ,  Experiments are  
- i  - _  

- planned48 t e s t  var ioua hormone supplements i n  these  r a t s  

f o r  t h e i r  a b i l i t y  t o  r e s t o r e  DNA formation and t o  compare 

the  e f f e c t s  of  hypophysectomy on normal t i s s u e s  and 

5ransplanted tmors. 

endocrine i r f l u s n c e s  w i l l  he lp  expla in  the  previously 

It i s  hoped t h a t  9023 knowledge of 

observed distipbann,es i n  DNA formation which occur i n  

The average c e l l  l i r e  i s  being es t imated  i n  var ious  

t i s s u e s  of normnl and tumor-bearing mice in  e f f o r t  t o  

learn more about t h e  in f luence  of t r ansp lan ted  tumors on 

the  metabolism of the h o s t  animal. This i s  done by 

measuring t h e  mount  of  Pj2 incorpora ted  i n t o  DNA at man7 
time i n t e r v a l s  a f t e r  In j ec t ion .  Since the t r a c e r  remains 

i n  DNA unti l  the  death o f  t he  c e l l ,  an es t lmate  of  c e l l  

l i f e  can be obtained from t he  r a t e  of disappearance of 

Studies  of a ch ick  embryo nucleopro te in  f r a c t i o n  

which stimulates growth i n  t i 8aue  c u l t u r e  have been c a r r i e d  
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The ch ick  embryo t i s s u e s  and organs were separated by 

% -  d i s sec t ion  and a nucleoprotein f r a c t i o n  ( N P F )  i s o l a t e d  from 
- 

- 
each t i s s u e  by p r e c i p i t a t i o n  with streptomycin.  The N P F ” 8  c. L 

,L. 

a r e  then t e s t e d  f o r  growth a c t i v i t y  i n  a ch ick  embryo 

h e a r t  t i s s u e  cu l ture .  These s tud ie s  show t h a t  spine,  

c a r t l l a g e  and C B P C ~ B B  NPF w e  more a c t i v e  than whole embryo 

NPF.: - _  Car t i l age  appears t o  be t h e  most po ten t  source o f  

ch i s  nucleoprotein f r ac t ion .  

that  these t i s s u e  NPF f r a c t i o n s  conta in  from 2-1/2 t o  10% 

nucle ic  acid. Fur ther  study of each t i s s u e  NPF by 

e l ec t rophore t i c  analysis revea led  from 2 t o  4 components. 

On t h e  basis of e l ec t rophore t i c  mobi l i ty  of t h e  t l s s u e  

NPFte there appears t o  be some d i f f e r e n t i a t i o n  of t h e  more 

a c t i v e  N P F ’ s .  Ul t rav io l e t  a n a l y s i s  of e lec t rophore t i c  

sub f rac t ions  of t i s s u e  NPF’ 8 i n d i c a t e s  an increased  

mobi l i ty  w i t h  increased nuc le ic  a c i d  conten t ,  t he  

c o n s t i t u e n t  nucleoproteins  ranging from 1.5 to So$ nuc le i c  

acid.  

h e a r t  c u l t u r e  technique shows t h a t  t h e  a c t i v e  p r i n c i p l e  i n  

t h i s  m a t e r i a l  is probably of in te rmedia te  mobil i ty ,  but 

is no t  c l e a r l y  def ined e l e c t r o p h o r e t i c a l l y  and is probably 

present  i n  very low concentrat ions.  It i s  an t i c ipa t ed  

t h a t  i n  the ne- f u t u r e  human cancer t i s s u e  will be 

s tud ied  i n  the  same manner--that i s ,  a f t e r  i s o l a t i o n  with 

Streptomycin. The nucleoprotein f r a c t i o n s  will be s tud ied  

- - 
c_ % 

U l t r a v i o l e t  analysis shows - -  

Assay of whole embryo NPF w i t h  t h e  ch ick  embryo 
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c wel l  8s poss ib l e  by known physical-chemical means, 
r 

: L -  

2. Blood Mixinn Rates i n  Leukemia SplenomeRalx. 
< 

When tagged r e d  c e l l s  or l abe led  plasma p r o t e i n s  a r e  

- 7  

a' 
i n j e c t e d  intravenously and t h e i r  mixing curves obtained by 

recoRding f r equen t  timed samples i n  the pos t  i n j e c t i o n  

period, marked d i f f e rences  i n  the  mixing behavior of the 

- c  n 

r e d  c e l l s  as compared t o  the  plasma p r o t e i n s  can be 

observed In c e r t a i n  p a t i e n t s  with splenomegaly. 

r ed  c e l l s  and l abe led  plasma p r o t e i n s  mix very rap id ly ,  

905 i n  about 2 minutes, i n  normal ind iv idua l s .  Gross 

prolongation of t h e  r e d  c e l l  mixing time has been observed 

i n  some, but not a l l  p a t i e n t s  w i t h  splecomegaly. 

Labeled 

Occasionally about 50% of the red  c e l l  population has been 

observed t o  mix with a half  time of 10  minutes. T h i s  

component has been completely el iminated by s u r g i c a l  

removal of t h e  spleen and g r e a t l y  reduced by the  

adminis t ra t ion Of epinephrine which causes  marked c o n t r a c t i o n  

of t he  spleen, thus reducing i t s  s i z e  and the q u a n t i t y  o f  

sequester  e d" r e d  c e l l  s 

3. Stud ies  on Blood Volume, I r o n  Metabolism, and Red c e l l  

L i f e  i n  Malimancg. 

Measurement Of t h e  blood volume i n  66 p a t i e n t s  w i t h  
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advanced cancer shows t h a t  i n  only 32% i s  t he re  an anemia 

by blood volume s tandardso  However, the  c r i t e r i o n  used f o r  

t h e  presence of anemia is c c f s  of blood per kilogram of 

body weight. I n  t h i s  connect ion it should be mentioned 

t h a t  t he  use of t h i s  c r i t e r i o n  i s  under inves t iga t ion .  

(See sec t ion  on Studiee  of Body Composition.) These 

& i e n t s  have a l s o  been analyzed with respec t  t o  t h e  

prksence of c l i n i c a l l y  observable bleeding, inf 'ection, o r  

cachexia,  E i t h e r  bleeding,  i n fec t ion ,  o r  cachexia was 

p re sen t  i n  67% of t h e  p a t i e n t s  who were memic while  

present  only i n  &!$ of t h e  non-anemic p a t i e n t s a  

a n a l y s i s  shows t h a t  i t  i s  not  poss ib le  t o  de l inea te  

s p e c i f i c a l l y  t h e  r o l e  o f  i n fec t ion ,  bleeding, or cachexia  

a s  a cause of  anemia i n  cancer,  because o f  the r e l a t i v e l y  

s i m i l a r  incidence of t hese  complications i n  both t h e  

anemic and non-anemic pa t i en t s .  However, the higher  

incidence of any one of t hese  complications i n  t h e  anemic 

p a t i e n t s  would tend t o  i n d i c a t e  t h a t  they a re  s i g n i f i c a n t  

f a c t o r s  i n  t h e  pa thogsnss i s  of  t h e  anemia of cancar,  but 

it i s  a mat ter  of degree, Mild bleeding, i n fec t ion ,  o r  

mi ld  weight l o s s  i s  probably l e s s  s i g n i f i c a n t  than 

r epea ted  l a rge  hemorrhages, massive i n f  ec t ion,  or 

extens ive  weight loss 

5 

Fur ther  

S tud ie s  of  i r o n  metabolism i n  e igh t  p a t i e n t s  wi th  

malignancy show t h a t  i n  all Pa t i en t s  the i ron  turnover f o r  
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L r e d  c e l l  formation i s  adequate t o  maintain the  observed 

< 
E -  

p J 

t o t a l  r e d  c e l l  volume. 

turnover f o r  r e d  c e l l  formation was normal o r  increased,  

and i n  one i t  was decreased. I n  t h e  one p a t i e n t  i n  which 

i t  was decreased the  t o t a l  r e d  aell volume was a l s o  

I n  7 of t hese  8 p a t i e n t s  t h e  i ron  
_. 

- c .  

: ,  _ -  
c :  E . 

decre_ased. This p a t i e n t  was a l s o  s tud ied  with r a d i o a c t i v e  
’. < - - 
$. - 2 E %$gc$e ~ and a normal r e d  cell life span obtained. The 

- 

imp l i ca t ions  of these s t u d i e s  of i r o n  metabolism a r e  t h a t  

a f a i l u r e  t o  produce a normal number of r e d  c e l l s  i s  n o t  

a s i g n i f i c a n t  f a c t o r  i n  the  production of t h e  anemia of  

malignancy. One inference from the i r o n  s t u d i e s  i s  tha t  

the  red c e l l  l i f e  span may be shortened i n  cancer* 

However, i n  the one p a t i e n t  vd t h  carcinoma of t h e  b r e a s t  

and t h r e e  w i t h  lymphosarcoma t h a t  have been s tudied,  a l l  

have had normal r e d  c e l l  l i f e  spans. This does not  mean 

tha t  a shortening of t h e  r e d  c e l l  l i f e  span mag n o t  be a 

e i g n i f i c a n t  cause of anemia i n  cancer. 

has y e t  been s tudied who was anemic by blood volume 

standards and has an inc reased  i ron  turnover so that  w e  

cannot a t  the present  time c l e a r l y  def ine t h e  mechanism 

f o r  t he  development of  anemia In cancer. 

However, no p a t i e n t  

4. of Various Experimental Techniques _fay Evaluat ing 

Red C e l l  Life m e  --- 
The l i f e  span of  r e d  c e l l s  may be measured in the  
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C .  -Long-term follow-up of the  uptake of Fe59 i n  the  

d e  uae of Nitrogen-15 o r  Carbon-14 l abe led  g lyc ineo  
- 
.~ 
- 1  _ -  

&d blood c e l l s .  

t;'o the  l i f e  span of the  r e d  blood c e l l  from the 

ga te  of formation of r e d  c e l l s ;  however, t h i s  

= e pequires  a cons tan t  t o t a l  r e d  c e l l  volume which 

A n  inference may also be drawn 8s 
> - - c 

- 

- 
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_ -  - -  

'I 

is d i f f i c u l t  t o  pos tu l a t e  i n  most ca seso  

E. The uee of Chromim-51 labe led  r e d  c e l l s .  

Simultaneous determinat ion i n  1 3  i nd iv idua l s  o f  t he  

l i f e  span of t h e  red  c e l l  w i t h  t h e  Ashbg Technique, t he  

Carbon-14 technique, and radio-iron technique shows t h a t  

when the  r e d  c e l l  life span i s  normal ail t h r e e  methods 

agree.  

t hese  three  methods may no t  agPee. 

f a c t  t h a t  i n  t h e  Ashby Technique normal c e l l s  are t r ans fused  

i n t o  a diseased ind iv idua l .  If the r e d  c e l l  des t ruc t ive  

processes  are acce le ra t ed  as a r e s u l t  of extra-corpuscular  

f a c t o r s ,  the d e s t r u c t i v e  process of these  t ransfused  c e l l s  

ell then be comparable t o  t h a t  of the  ind iv idua l ' s  own 

691188 However, if t h e  Indiv idua l  1s producing d e f e c t i v e  

o e l l s  r e s u l t i n g  i n  a shortening of the  l i f e  span, t h e  

Aehby Technique w i l l  fall t o  show t h i s .  

these simultaneous s t u d i e s  would ind ica t e  t h a t  such R 

However, when the r e d  c e l l  l i f e  span.is shortened, 

This a r i s e s  from t h e  

The evidence f'ram 
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i l i t g  does e x i s t .  

S tud ie s  a re  now underway w i t h  a view toward measurement 

E 

- -  r- 
m 2  
-2 9 
5 -  

of t h e  l i f e  span o f  t h e  r e d  c e l l  with Cr51. 
o m  r e d  blood c e l l s  may be  l abe led  i n  v i t r o  with CrSl and 

then r e in j ec t ed .  

chromium from t h e  r e d  c e l l s  so t h a t  t h e  r e d  c e l l  l i f e  span 

The p a t i e n t l s  
- 

Unfortunately,  t he re  is a slow e l u t i o n  of 
7 

c - 

sured by this technique i s  no t  t h e  a c t u a l  r e d  c e l l  

pan. Data a r e  now being accumulated on normals and 

pathologica l  s t a t e s .  

determine whether t h e  r a t e  o f  e l u t i o n  of chromium from the 

red  c e l l  i n  pathology is t h e  881116 as i n  the normal. Since 

t h i s  procedure i s  e a s i e r  t e c h n i c a l l y  than t h e  o the r  methode, 

i f  it can be proven to  be s a t i s f a c t o r y  t h i s  will be  a 

s i g n i f i c a n t  advance i n  t h e  study of t h e  l i f e  span of  t h e  

red blood c e l l .  

w i l l  no t  be obtained, a f i g u r e  w i l l  be obta ined  which is 

d i r e c t l y  r e l a t e d  t o  t h e  a c t u a l  red c e l l  l i f e  span, 

The most i m p o r t a t  problem i s  t o  

Although t h e  ac tua l  r e d  c e l r  l i f e  span 

5. Studies  2 Erythropoet ic  Hormone, 

S tudies  c a r r i e d  ou t  i n  co l l abora t ion  w i t h  t h e  I n s t i t u t e  

of Experimental Biology over t h e  pas t  s eve ra l  yea r s  have 

shorn t h a t  fol lowing hypophysectomy i n  t h e  r a t  t h e  blood 

volume decreases such t h a t  a t  100 days fol lowing 

hypophysectomy the t o t a l  red c e l l  volume is reduoed 

npproximately us. Stud ies  on the removal of o the r  
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organs show t h a t  t h i s  anemia i s  pr imar i ly  a 
the  hypophysectomg. E f f o r t s  have been made t o  

substance from t h e  p i t u i t a r y  gland, which w i l l  
- 
3 r e p a i r  this anemiaJ These e x t r a c t s  have been p a r t i a l l y  

pur i f ied .  

will cor rec t  this anemia. A t  t h e  present  time s tud ie s  a re  

unsegway t o  pur i fy  f u r t h e r  th i s  ma te r i a l  and t o  remove a l l  

b s e s  a s  low a s  15 micrograms of t h i s  ma te r i a l  

- _ -  
1) 1 I 

' ' - . - Pe&inFng t r a c e s  of  ACTH a c t i v i t y .  

c 
- -  . >  - . E  

A t  present  th is  m a t e r i a l  

is assayed by determining t h e  changes in t he  t o t a l  r e d  c e l l  

volume of animals r ece iv ing  t h i s  ex t r ac t .  

of plasma iron turnover os measured with rad io- i ron  i n  

hyphyeectomizeL r a t s  i n j e c t e d  w i t h  t h i s  ma te r i a l  is b e h g  

explored a s  another assay method. 

method rill permit a more r a p i d  assay. 

The u t i l i z a t i o n  

It is hoped t h a t  this 

Fina l ly ,  s tud iee  of t h e  plasma of p a t i e n t s  with 

polycythemia vera  have turned  up an ery thropoet ic  s t imu la t ing  

f a c t o r  not  present  i n  normal bloodo 

extendedo 

These s t u d i e s  a r e  be ing  

6. Stud ies  of Body Composition. 

Depot f a t  and lean t i s s u e  mass i n  humans a r e  no t  r e a d i l y  

access ib l e  t o  d i r e c t  measurement. I n  the  pas t  t hese  have 

been est imated from t he  total body water of the  mean body 

densi ty .  However, the  r e l a t i o n s h i p s  between f a t  and water 

o r  d e n s i t g  presume a f i x e d  percentage of water I n  l ean 
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~ ' t fssue,  and consequently,  may be i n v a l i d  i n  pathologic  . = -  e , " -  
2 - * s t a t e s .  
E . -  
c - 
t 

Studies  i n  th i s  l abora to ry  i n d i c a t e  the  depot f a t  

and l ean  t i s s u e  mass may be measured in pa tho log ica l  s t a t e s  
- :  

by simultaneous measurement o f  both body water and mean 

body densi ty .  T r i t i u m  l a b e l e d  water has been used f o r  t h e  

c determinat ion o f  body water i n  normal and i n  disease s t a t e s .  

t? -A 

s i  i~ _ _  2 >  _. 

( 

Recent ly  a new method f o r  measuring mean body dens i ty  has 
A 

1 %e&$eveloped i n  t h i s  l abora to ry  t o  circumvent t h e  
_ L - - _ _ +  

l i m i t a t i o n s  of' t h e  o lde r  body immersion technique. This i s  

a gas d i l u t i o n  technique providing a d i r e c t  measure of  body 

volume. The subjec t  i s  placed a t  atmospheric pressure  i n  

a r i g i d  c losed  chamber i n t o  which an accura te ly  determined 

quan t i ty  of helium i s  in jec ted .  

t h e  helium concent ra t ion  which i s  propor t iona l  t o  t he  t i s s u e  

volume of t he  sub jec t  i s  determined by the change i n  the 

Following complete mixing, 

thermal conduct iv i ty  of t he  chamber gases  as  measwed by 

a h o t  w i r e  '-:heatstone bridge. 

inc luding  p a t i e n t s  with var ious neop las t i c  d i seases  and 

normal sub jec t s ,  the l a t t e r  ranging in age from 21 t o  85, 
have been completed. S u f f i c i e n t  da t a  now a re  a t  hand t o  

e s t a b l i s h  the n a t u r a l  va r i a t ions  i n  body composition as e 

func t ion  of age, sex, and bo* type. Addit ional  s t u d i e s  

are i n  progress  on changes i n  bo@ composition i n  

mal ignanc y . 

Studies  i n  200 p a t i e n t s  

In this  labora tory  the present ly  used index f o r  
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> - .  
= -E: . - comparison o f  blood volume i s  cc/kilogram of body weight. 
0:: 
L .  - 

5' 
. Rowever, i t  has  been found t h a t  i n  t h e  extremes o f  body 

2 weight t h i s  may not  b e  a s a t i s f a c t o r y  index. P a r t i c u l a r l y  

- 1 - - i s  t h i s  true i n  p a t i e n t s  w i t h  malignancy or those who have 

l o s t  weight. 

- 

< u  

I n  t h e  p a s t  i n  such p a t i e n t s  we have tended 
c - - t o  use the  blood volume i n  terms of c c l e  per kilogram o f  

__ 
r c". -.L 

a c t u a l  body weight,  recogniz ing  t h a t  t he re  i s  some 
i. - L - _  - - -co&&oversg a s  t o  whether th is  i s  the  b e s t  indexo C e r t a i n l y  

i f  used i n  t h i s  manner t h i s  g ives  some idea  of the  blood 

voLume a v a i l a b l e  t o  t h e  t i e s u e  mass t o  which blood must flow 

and t o  which n u t r i e n t s  must be  c a r r i e d  End ca t abo l i c  products 

removed. 

v a s c u l a r i t y  and because t h e  adipose t i s s u e  v a r i e s  

considerably i n  q u a n t i t y  i n  normals, i t  i s  found t h a t  the 

range o f  t h e  normal blood volume i n  terms of c c l s  per  

kilogram of  body weight i s  l a r g e .  However, i t  i s  now 

evident  t h a t  t h e  range of normal b l o o d  volume i n  terms o f  

C C ~ S  per kilogram of lean t i s s u e  is small. By measuring 

t h e  blood volume and by measuring body water and body volume 

i n  p a t i e n t s  w i th  malignancy, we will then be i n  a better 

pos i t i on  t o  determine the  presence or absence of anemia i n  

terms of blood a v a i l a b l e  t o  the lean  t i s s u e  masso This 

procedure should prove u s e f u l  as an a i d  i n  determining t h e  

presence o f  anemia i n  these  cases. 

I n  genera l ,  adipose t i s s u e  i s  of a low degree of 
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& L  
2 ,  7. Radiation Pro tec t ion ,  

F 1 - -  
,".-_ z c -  
" -  ,I 
,- - of time i n  the  course  of  t h e i r  occupations t o  small  bu t  

.- - 
Dbservations inc luding  hematological s t u d i e s  a re  being 

c a r r i e d  out  on persons exposed f r equen t ly  over a long per iod  

- 
.- c 

possibly s i g n i f i c a n t  l e v e l s  of i on iz ing  r a d i a t i o n  wi th in  t h e  

accepted " to le rance"  range. 

paid t o  cy to log ica l  d i f f e rences  i n  t h e  blood of t he  exposed 

: CJ - 

Spec ia l  a t t e n t i o n  ha8 been 
F 

- > z r  7 -  . -  

c :  
3 -: 1 2 ,  

'- L 5 ~ 6  as  compared t o  an unexposed c o n t r o l  group. These 

s tud ie s  confirm Ingram's e a r l i e r  observat ion t h a t  low l e v e l  

exposure is c o r r e l a t e d  w i t h  an increase  i n  the  number of 

c i r c u l a t i n g  double-nuc l e a t  ed and bi-lobe d lymphocytes 

Deta i led  s t u d i e s  on a few ind iv idua l s  covering the  per iod  

before  exposure and t h e  per iod  a f t e r  exposure have been 

made. A n  increase  i n  double-nucleated lymphocytes has been 

demonstrated. The exac t  time r e l a t i o n s h i p  between s i g n i f i c a n t  

doses o f  r a d i a t i o n  and t h e  t r a n s i e n t  appearance of these  

abnormal ce l l s  i n  the  pe r iphe ra l  blood i s  being further 

explored. 

8, The Problem of Leukemia Polycythemia Vera. 
In r ecen t  years t he re  has p i a e n  some d iscuss ion  a3 t o  

t h e  p o s s i b i l i t y  t h a t  t h e  use of PJ2 in t h e  t reatment  of 

polycythemia vera  may induce leukemia. 

t h i s  c o n s i s t s  l a r g e l y  in t h e  observat ion of c e r t a i n  groups 

of workers of t he  development of acute  leukemia i n  a small 

The evidence f o r  
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5 = percentage o f  p a t i e n t s .  Actual ly ,  the problem is one of t h e  

; - '- n a t u r a l  h i s t o r y  of t he  disease.  
E d ,  - -  
2 _ r  c z  c -  

c 2 -  

C '  
c i  Unfortunately,  t he re  a re  

no s t a t i s t i c s  ava i l ab le  on t h e  l i f e  expectancy and the  
. <  

- causes  of death i n  any l a r g e  s e r i e s  of p a t i e n t s  who have 
- 
- _  no t  been t r e a t e d  with i r r a d i a t i o n .  However, t he re  e re  

- I  - -  - - -  
- ,  

c' < : - 
x d s o l a t e d  observa t ions  of the  development of acute  leukemia 

'in p & t i e n t s  with polycythemia vera who have not  rece ived  
- . . -  c 

any form of i r r a d i a t i o n  therapgo Long-term follow-ups 

have shown t h a t  i n  p a t i e n t s  who,have l i v e d  1s g e a r s  a f t e r  

onse t ,  80% d i e  wi th  a p i c t u r e  l i k e  t h a t  of myelogenous 

leukemia, and that of those  who l i v e  1 0  years, 62% d i e  

w i t h  leukemia. I n  the p a t i e n t s  t r e a t e d  i n  t h i s  l abora to ry  

only &$ of those  who have survived more than 10  years  and 

nho have died, die with  leukemia. This lower f i g u r e  i s  not  

thought t o  be s t a t i s t i c a l l y  s i g n i f i c a n t .  

I n  an e f f o r t  t o  determine i f  i t  i s  poss ib l e  t o  p r e d i c t  

whether a given p a t i e n t  sill develop leukemia,. a s t a t i s t i c a l  

ana lys i s  has  been made of the  white c e l l  count, the 

d i f f e r e n t i a l  count and t h e  presence or absence o f  eplenomegalg 

In  t h e  p a t i e n t s  who do develop leukemia as compared t o  those  

r h o  have not. This study shows t h a t  t h e  incidence of leukemia 

1 8  higher  in aertain pa t i en t s .  These a r e  those p a t i e n t s  

who p i o r  t o  any therapy have a markedly e leva ted  white 

count and who show immature c e l l 8  in the  per iphera l  blood. 

There i s  no c o r r e l a t i o n  between the  presence or absence of 
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plenomegaly and t h e  development of leukemia. These s tud ie s ,  

of c o w s e ,  do no t  prove o r  disprove t h a t  leukemia can be 

nduced by x - i r r ad ia t ion  t rea tment  o r  w i th  P3*. However, 

with the  remarkable prolongat ion of l i f e  i n  t h i s  d i sease ,  

14 y e a r s  average su rv iva l  when t r e a t e d  wi th  P32 as compared 

s c  

- r .  ' 

- 
i c t o  7 years  i n  o ther  s e r i e s  and t h e  marked reduct ion  i n  the . -  - _  - 
7 i z -  : - inc idance  of vascular  complicat ions make P32 the  most 

a a t l s a c t o r y  form of therapy i n  polycythemia vera. 

a l s o  our b e l i e f  t h a t  we have n o t  increased  t h e  incidence of 

leukemia i n  polycythemia vera  a s  a r e s u l t  of P32 therapy. 

The evidence c i t e d  makes i t  probable t h a t  t he  d e v e l o p e n t  

of leukernla is a p a r t  of t h e  n a t u r a l  h i s t o r y  of  the  disease.  

- _ _  - 
i -  It  i s  - . - _  

9. Radia t ion  Studies U t i l i z i n a  High Enerm Protons 

Deuterons . 
I o  INTRODUCTION 

Some of t h e  pene t ra t ing  r a d i a t i o n s  produced by the  

Berkeley 184 inch  cyclotron,  c h i e f l y  190 MeV deuterons 

and 340 Mev protons,  have now been i n v e s t i g a t e d  over a 

per iod  of about f i v e  yea r s  i n  phys ica l  and b io log ica l  

s tud ies .  (See previous progress  r e p o r t s ) .  It has become 

inc reas ing ly  evident  t h a t  t h e  physical prope r t i e s  of t hese  

r a d i a t i o n s  give somewhat unique advantages i n  severa l  f i e l d s  

of b io log ica l  research.  

b r i e f l y  some app l i ca t ions  in endocrinology, neurophysiology, 

I n  p a r t i c u l a r  W e  wish t o  review 
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r The u s e  of these  types o f  i r r a d i a t i o n  a l l a ~ s  a high . .  

- dose t o  be  de l ivered  t o  small ,  s e l l  def ined volumes of 
( - 

c t i s s u e  ( l o c a t e d  wi th in  t h e  body), whereas the  surrotndfng c -  
z 

G C  - . 
'?.- ; and in te rvening  t i s s u e s  r e c e i v e  much smaller  doses.  This 
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l o c a l i z e d  des t ryc t ion  o f  t i s s u e  may be accomplished i n  one 

of t he  following ways: 

A. The monaenergetic p a r t i c l e s  a r e  allowed t o  s t o p  

i n  the  reg ion  t o  be i r r a d i a t e d o  

3 t o  6 t imes a s  much i o n i z a t i o n  near  t he  end of  t h e i r  

range as compared t o  the  po in t  of en t ry .  

The p a r t i c l e s  t hus  cause 

B. A col l imated  beam o f  p a r t i c l e s  is del ivered  through 

t h e  rolume t o  be i r r a d i a t e d ,  and then t h e  body o f  t h e  

animal i s  r o t a t e d  such t h a t  t h e  volume element t o  be 

i r r a d i a t e d  i s  a t  the  cen te r  o f  r o t a t i o n  and hence remains 

e s s e n t i a l l y  s ta t ionary .  By us ing  severa l  planes o f  

r o t a t i o n  t h e  dose t o  in te rvening  t i s s u e s  is d i s t r i b u t e d  

over a s o l i d  angle,  which m a t e r i a l l y  reduces t h e  dose 

outs ide  t h e  c e n t r a l  volume. During t h e  cu r ren t  y e a r  

developnent was concentrated on the  l a t t e r  technique. 

Most of t he  present  work concerns the  app l i ca t ion  of 

t h e  high energy p a r t i c l e s  t o  p i t u i t a r y  i r r a d i a t i o n s  i n  

l a r g e r  animals and man. Because of t h e  v i t a l  and fmportant 
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phys ica l  scheme which would allow p rec i se  alignment of t h e  

r o t a t i o n a l  c e n t e r  and a l s o  high p rec i s ion  i n  t h e  e n t i r e  

r o t a t i o n a l  apparatus and procedure was developed. 
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With t h i s  technique r a d i a t i o n  dose t o  t i s s u e s  ou t s ide  
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t h e  volume being spec l f  l c a l l y  i r r a d i a t e d  decreases very 
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= - rapl-h$ly as a funct ion of d i s t ance  from t h e  volume 

> - j & Q i f i c a l l y  i r r a d i a t e d .  Moreover, t he  symmetry of dose 

d i s t r i b u t i o n  a t t a i n e d  i s  such t h a t  doses t o  the surrounding 

s t r u c t u r e s  and regions can be r a t h e r  accurately predicted.  

111. PRESENT FACILITIES (NEW HUMAN PROTON I R R A D I A T I O N  FACILITY) 

During t h e  c u r r e n t  year a new i r r a d i a t i o n  room w a s  

cons t ruc t ed  t o  extend the u t i l i t y  of the 184 inch cyc lo t ron  

f o r  purposes of human p i t u i t a r y  i r r a d i a t i o n .  

IV. STUDIES OF PITUITARY IRRADIATION IN ANIMALS 

A. Ratso 

During t he  pas t  t h ree  years  a d e t a i l e d  study has  been 

c a r r i e d  ou t  on t h e  e f f e c t s  of p i t u i t a r y  i r r h d i a t l o n  in 

young r a t s .  

Biology have co l l abora t ed  i n  t h i s  work. 

Members of t h e  I n s t i t u t e  of Experimental 

C h a r a c t e r i s t i c  

evidences of hypophyaectomy appeared a t  doses a s  low a8 

3,000 Rad units (1 r a d  I: 100 ergs/gm t i s s u e )  although a 

p rogres s ive ly  higher dose was# h general ,  found t o  shorten 

the  time a t  which hypophysectomy e f f e c t s  were evident. 

A lower incidence of spontaneous tumors was observed 
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i r r a d i a t e d  r a t s  than i n  t h e  normal con t ro l so  This 

s done i n  co l l abora t ion  wi th  Dr. M. Simpson. . 

t u d i e s  now i n  progress  have been c h i e f l y  under- 

(young a d u l t )  pure-bred Beagle dogs, in which the  

a1 r e l a t i o n s  of the  p i t u i t a r y  t o  t h e  skull have 

d t o  be r e l a t i v e l y  constant .  

g-:: .< q&$a€i&nal techniques have been used and seve ra l  dose 

Two forms of 
- _  0 0  - - L . : ?  

0 -c 
l e v e l s  de l ive red  t o  t h e  p i t u i t a r y .  

I n  genera l ,  i t  has been found t h a t  t o  depress o r  

des t roy  t h e  func t iona l  i n t e g r i t y  of e i t h e r  the p i t u i t a r y  

gland or the c r a n i a l  nerves--both dose and time following 

i r r a d i a t i o n  a r e  c r i t i c a l  f a c t o r s .  

t h e  p i t u i t a r y  r e s u l t s  i n  depression of func t ion  i n  one t o  

two months; while  c r a n i a l  nerves  3, 4, and 6 ceased t o  

func t ion  wi th  smal le r  doses (11,000 t o  13,200 Rad) i n  the  

erne  i n t e r v a l  of t h e  a f t e r  i r r a d i a t i o n .  This dosage r a t i o ,  

p i t u i t a r y :  

man, of the  o rde r  of s:l, because of  anatomical differences.  

18,800 Rad del ivered t o  

cranial  nerves  3, 4, and 6 ,  i s  much l e s s  i n  

Most animal s t u d i e s  of t h i s  type have used s i n g l e  

l a r g e  dosee. 

therapy u t i l i z e s  f r ac t iona ted  dose methods, a program has  

been i n s t i t u t e d  t o  study the e f f e c t s  of f r ac t iona t ion  of 

the dose on p i t u i t a r y  and bra ino  

c o l l a b o r a t i o n  w i t h  Dr. B. Low-Beer. 

I n  view of the  f a c t  t h a t  c l i n i c a l  i r r a d i a t i o n  

This program is i n  
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Beginning i n  September 1954 a l imi t ed  program was 

s t a r t e d  on the  therapy o f  b r e a s t  cancer,  using t h e  340 mev 

proton beam from t h e  184 inch  cyclotron.  

s e l e c t e d  have had every o t h e r  known form of therapy, and 

a l l  have tumors responsive,  in the p a s t ,  t o  hormonal 

therapy 

The p a t i e n t s  

The r a t i o n a l e  for t h i s  type of therapy i s  t h a t  t h e  

growth and sec re to ry  func t ions  of c e r t a i n  carcinomas a re  

s t rongly  inf luenced  by hormonal substances,  and  removal of 

c e r t a i n  endocrine organs i n  m a n  ( e spec ia l ly  t e s t e s ,  ova r i e s ,  

and adrena ls )  has  been shown t o  r e s u l t  i n  a regress ion  of 

me tas t a t i c  l e s i o n s  and a d e f i n i t e  remission. There a re  

many reasons t o  suspect  t h a t  p i t u i t a r y  hormones may Inf luence  

c e r t a i n  malignant c e l l s ,  and tha t  hypophysectomy might r e s u l t  

i n  remission . 
The t he rapeu t i c  procedure Cons is t s ,  i n  b r i e f  , of r i g i d l y  

securing t h e  head i n  t h e  apparatus  by means of a s p e c i a l l y  
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The accuracy of th is  alignment is h e l d  wi th in  

Diagnostic x-rays a r e  u t i l i z e d  

Rotation of  t he  head is c a r r i e d  ou t  

,$ $ ~ & g  therapy so t h a t  as a n e t  r e s u l t  the beam i s  

d i s t r i b u t e d  through a s o l i d  angle (60' X 60') w i t h  the 

p i t u i t a r y  a t  t he  ve r t exs  

The p a t i e n t s  a re  followed very c lose ly  c l i n i c a l l y - -  

during and fol lowing therapy. A l a rge  number of  l abo ra to ry  

s t u d i e s  a r e  o a r r l e d  ou t  a t  r epea ted  i n t e r v a l s  t o  assess  t h e  

in f luences  of  the procedure on t h e  dlsehse process and the 

e f f e c t s  on the endocrine system. Probably at l e a s t  t h r e e  

year  follow-ups w i l l  be r equ i r ed  f o r  even a preliminary 

eva lua t ion  of t he  r e s u l t s .  

VI, STIinIES OF HYPOTHALAMIC PHYSIOLOGY IN RATS 

Curing r e c e n t  yea r s  s t u d i e s  from several  l a b o r e t o r i e s  

have ind ica t ed  the  importance of t h e  hypothalamus on 

a n t e r i o r  as wel l  a s  p o s t e r i o r  P i t u i t a r y  f m c t i o n ,  and also 

hypothalamic in f luences  on autonomic and other r egu la to ry  

mechanisms. 

Preliminary s t u d i e s  U t i l i z i n g  very small deuteron 

beams have ind lca t ed  t h a t  t h i s  technique has advantages 



Isotopes i n  t h e  Human Body. 

A. S c i n t i l l a t i o n  Crys t a l  Scanner. 

I n  t h e  1952 and 1953 r e p o r t s  a ten channel 

s c i n t i l l a t i o n  c r y s t a l  scanner p a r t i c u l a r l y  s u i t a b l e  f o r  study 

of the  d i s t r i b u t i o n  of gamna ray-emit t fng i so topes  adnin is te red  

i n  t r a c e r  doses t o  t h e  human body was described. With t h i s  

instrument  a v l sua l  record of t h e  d i s t r i b u t i o n  of radio-  

ac t ive  substances in t h e  body i s  obtkined. 

The fo l lowing  s t u d i e s  a re  i n  progress:  

1. Detect ion of t hy ro id  carcinoma metastases  v i t h  

1131. 

2. Study of t he  f a t e  of iodine l abe led  an t ibodies  

in t h e  body. 

3. Dis t r ibu t ion  of' radioDotassium ( c h i e f l y  i n t o  

muscle masses) 

4. A s tudy  of l i v e r  and Spleen Size using a radio-  

go ld  c o l l o i d ,  which i s  deposi ted i n  the re t icu lo-  

I I b 4 8 1 8  
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.- 

i n t r i n s i c  image ampl i f ica t ion  of some 600 f o l d ;  however, i t  

is still no t  s e n s i t i v e  enough f o r  medical t r a c e r  work. 

Fur ther  progress  awai ts  development of a b e t t e r  image 

ampl i f ie r  tube. 

11. Biophysics of Growth and of Radiat ion Effects .  ---- 
A study has been conducted f o r  t he  pas t  t h ree  y e a r s  

on t h e  genera l  mechanisms of c e l l  d i v i s i o n  and i t s  i n h i b i t i o n  

by pene t r a t ing  r a d i a t i o n s c  Yeast c e l l s  a r e  used exc lus ive ly ,  

hridenae has been accumulating t o  show t h a t  t h e  i n h i b i t i o n  

of  c e l l  d i v i s i o n  is mostly due t o  r eces s ive  l e t h a l s  and i n  

add i t ion  a c e r t a i n  percentage of dominant l e t h a l s  m e  

present .  

on t h e  mi to t i c  s t a t e ;  budding c e l l s  a r e  about 10 t imes more 

r e s i s t a n t  than r e s t i n g  c e l l a .  General  r e l a t i o n s h i p s  a r e  

being sought between the de te rmin i s t i c  r o l e  of t h e  genes 

and the wide morphological v a r i a t i o n s  encountered i n  given 

s t r a i n s  of microorganisms. 

It was shown t h a t  c e l l  d iv i s ion  i n h i b i t i o n  depends 

A study was made of' t he  



24 
8 .G 2. L 5 5 

p 0 ' -  
A 2 & :i 2 $&,t+$stical - -. f l u c t u a t i o n s  of c e l l  d iv i s ion  time under - - o r  ? z  c, 
g - G&t@ard environmental  condi t ions.  This may be an- index 

J.H. Lawrence e t  al. - 0 2: 7 = 5 0  
2 %  3 ;  52 
E 3, $ u E ' E  2 g  

g 5 E -L 

2 >! ji c r: 

2 E" c" 2 ;  s j s  
'~ c_ 0 cz-. 3 

"> c; = ;- E - ; U .  

_ .  5 2 5&&f 6% over a few degrees temperature range. 
._ n ; L ? : : - - L  

252: 32: 

.- C) $ 5  2 p g :  

- - J  

L 

m u  ' '&%he nucleocytoplasmic r e l a t ionsh ip .  The r o o t  mean square 
c 
c - 2 =' = i: -;fiu$&~ation - o f  c e l l  d iv i s ion  t i m e  i n  d ip lo id  yea&S is 
(p c: ' When the  

CJ 7 -. c' 2 
g t, 
.g 6 $%@@ations a l s o  increase .  

a r e  i r r a d i a t e d ,  c e l l  d iv i s ion  is delayed and i t s  time 

- 
O ? Z E D  E 1 - e 33&sg4 than the  i n h i b i t i o n  of c e l l  d iv is ion ,  and i s  no t  very 

The delay occurs a t  lower 
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dependent on p lo idy  . 
S t a t i s t i c a l  f l u c t u a t i o n s  i n  c e l l  d iv i s ion  time increase  

a s  the c e l l  d i v i s i o n  delay increases .  After  i r r a d i a t i o n  

usua l ly  one normal c e l l  d iv is ion  occurs ,  then t h e  fol lowing 

d i v i s i o n  i s  delayed; f i n a l l y  the  c e l l  d iv i s ion  time r e t u r n s  

t o  normal in subsequent d iv is ions .  These events  a r e  

c o n s i s t e n t  w i t h  t h e  i d e a  t h a t  t he  mechanism.of c e l l  d i v i s i o n  

delay d i f f e r s  from c e l l  d iv is ion  inh ib i t i on ;  the former may 

be  r e l a t e d  t o  t h e  i n a c t i v a t i o n  o f  a number o f  e s s e n t i a l  

molecules; u n t i l  t hese  molecules a r e  resynthes ized  by t h e  

c e l l ,  the  d iv i s ion  cannot proceed. 

Tracer experiments and o the r  s tud ie s  of t he  na tu re  of 

c e l l  d iv i s ion  a r e  usua l ly  hampered by t h e  genera l ly  

asynchronous s t a t e  of c e l l  d iv i s ion  of  growing colonies .  

Yet the small s t a t i s t i c a l  f l u c t u a t i o n s  i n  c e l l  d iv i s ion  

time, and the genarally !'periodic" nature of  c e l l  d i v i s i o n  

suggest t h a t  experimental ly  c e l l  d iv is ion  m i g h t  be 
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An apparatus  

By a l t e r n a t a g  dextrose b u f f e r  
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12. A Biophysical Study of Factors  Determining S u r v i v a l  

of Cancer Populations. 

A survey of t h e  su rv iva l  tendencies  of  l a r g e  cancer 

-- 

populations r e p o r t e d  i n  t h e  medical l i t e r a t u r e  has been 

begun. 

pointed out. 

A. 

Several f a c t s  and conclusions can already be 

A l l  groups of cancer types present  a uniform 

This is e s s e n t i a l l y  tendency t o  d i e  a t  a f i x e d  r a t e .  

independent of t he  ages  of the  cancer group or t h e  du ra t ion  

of the  diaease. The f i x e d  r a t e  of death i s  p ropor t iona l  

only t o  t h e  numbers i n  a cancer population a t  any time; 

this suggests poss ib ly  t h a t  t he  high death r a t e  of 

cancer I s  a random occurrence as far as any i n d i v i d u a l  

member of a population i s  concerned and t h a t  t h e  l eng th  

of life already spent  with h i s  cancer may n o t  predispose 

t o  any more r a p i d  r a t e  of death compared t o  a person who 

has j u s t  acquired a similar type of cancere 
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2 2 2 1; i; EB. Since the  l e t h a l  tendency i s  probably a random 

o u) .E. 3wxn& and n o t  r e l a t e d  t o  dura t ion  o f  t he  d i s e a s e , . i t  i s  
= E c c o . . L :  
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.; 2 E -2 5 %&chas  become l i k e l y  because of t h e  presence o f  cancer. 
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c,. TlftC argues f o r  an i n t ens ive  search  i n t o  metabolic changes - 
f -L 

and no t  t h e  presence of t h e  cancer i t s e l f .  “he above 

argument, o f  course,  i s  a l s o  answered by t h e  random 

des t ruc t ion  of a v i t a l  c e n t e r  by a metastases .  However, 

this l a t t e r  mechanism appears t o  expla in  only a f r a c t i o n  

of  t h e  deaths  from cancer.  

l3> Lipoprotein S tud ie s  of Fa t  Metabolism i n  Cancer. 

That t h e  metabolic aging o f  t h e  body i s  increas ing  

-- -- 

a t  a logari thmic progression i n  the  l a t t e r  h a l f  of the  

l i f e  span i s  shown from t h e  r a p i d  exponent ia l  increase  in 

t he  dea th  r a t e  a s  caused by var ious  degenerat ive d iseases  

t h a t  a r e  t h e  end r e s u l t s  of metabolic dis turbances incur red  

throughout l i f e .  

o f  our  populat ion,  h e a r t  d i sease ,  cancer ,  c e r e b r a l  vascular- 

r e n a l  d i sease  as  w e l l  a s  o t h e r s  a r e  increas ing  a t  very 

nea r ly  if no t  t he  same r a t e  of progression,  i t  i s  concluded 

t h a t  many Fnter - re la ted  f a c t o r s  of metabolism provide bases  

of r e l a t i o n s h i p  between physiologic  vigor  and the  

Since each of  t h e  main k i l l i n g  d iseases  

I I b i t C G 2  
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of the  vigor of body metabolism such a3 the l i p o p r o t o f n  

Frneas-qrnents will be of some use i n  p red ic t ing  e a r l y  death 

- = .  

pney:kfe gene ra l  usefulness  in r e l a t i o n  t o  death from 

cancer o r  o the r  degenerative d i seasesa  

be t e s t e d  during the  coming y e a r  dcring which time t h e  

l a r g e  pool  of "normal" indiviciuals t h a t  have had t h e i r  

metabolism r a t e d  by the l ipopro te in  s t u d i e s ,  m i l l  be 

searched for those t h a t  have subsequently developed 

disease.  

This concept will 
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f Projec t :  Ebzyme Chemistry of Ch.rOmoaomesD 

t h i s  pro jec t ,  a number of l i n e s  of s tudy w e  

t r u c t u r e  of t he  chromosomes. One of t h e  

ques t ions  a r i s i n g  from genet ic  theory i s  t o  what ex ten t  

is the chromosome a chemical continuum and t o  what 

ex ten t  is it  p a r t i c u l a t e ?  The approach t o  t h e  problem 

of how a s t r u c t u r e  i s  put  together  i s  t o  determine how 

it  can be taken apa r t .  

chromosome can be taken apa r t  by t reatments  t h a t  do no t  

involve the  s p l i t t i n g  o f  primary organic bonds. 

appears t h a t  i t  i s  composed of desoxyribonucleoprotein 

p a r t i c l e s  h e l d  toge ther  e n t i r e l y  by i on ic  f o r c e s  and 

e spec ia l ly  by br idges  of Ca o r  M g  ions. 

i n t e r e s t i n g  consequences for the  theory of chromosome 

breakage and r a d i a t i o n  s e n s i t i v i t y ,  nhich a r e  now 

being tes ted .  

I have now 3hOm t h a t  t h e  

I t  

T h i s  has  some 

2 .  Mitosis. Followfng our earlier success fu l  

i s o l a t i o n  of t he  mi to t i c  apparatus of d iv id ing  c e l l s  

we have this year looked I n t o  t h e  chemistry of i t s  

fornat ion.  I t  now appears  t o  be composed o f  a s i n g l e  

I I b 4 8 q 0  
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i n  or a group of very similar pro te ins ,  which we 

analyzed. Bas i ca l ly ,  It seems t o  be  a g e l  i n  

t h e  p ro te in  molecules are l i n k e d  toge ther  by s u l f u r  . Its remarkable f i b r o u s  s t r u c t u r e  seems t o  depend 

e formation of bundles  of t hese  p ro te in  chains ,  t he  

s being he ld  toge ther  by some secondary bond. The 

of a n t i m i t o t i c  agents  such as co lch ic ine  seems 

m i n h i b i t i o n  of t h e  formation of' these  secondary 

bonds . 
3. Problems of nuclear  funct ion.  O f  t h e  var ious 

l i n e s  of a t t a c k  on nuc lea r  func t ion  t h a t  have been 

followed this year, two have l e d  t o  d e f i n i t e  conclusions. 

A s t u e  of the  inco rpora t ion  of a l a b e l l e d  amino ac id ,  

methlonine-S35, i n t o  c e l l s  from which t h e  nucleus has  

been removed shows an immediate drop in  incorporat ion.  

Therefore,  t h e  nucleus must d i r e c t l y  con t ro l  a c e r t a i n  

p a r t ,  bu t  no t  a l l ,  of t h e  syn thes i s  of p ro te ins  i n  the  

c e l l  (experiments on Amoeba). A second study was d i rec t ed  

toward the  quest ion,  does t he  nucleus cont inue t o  func t ion  

during the time when t h e  c e l l  is dividing? 

seems t o  be negat ive;  a t  l e a s t  w i t h  r e spec t  t o  the  

u t i l i z a t i o n  of phosphorus, the d iv id ing  c e l l  opera tes  

a t  the  same depressed rate as does the  c e l l  from which 

t h e  nucleua has  been removed. 

The answer 

publicat ions:  

report 

See Publ ica t ions  (I & 11) following next  

l i b 4 8 4 1  
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o jec t :  Mechanism of Chromosome Duplication. 

s p r o j e c t  i s  d i r e c t e d  toward answering t h e  

questions.  (1) When during t h e  l i f e  c y c l e  of 

does t h e  dup l i ca t ion  of t h e  gene t ic  m a t e r i a l  

I1 

t ake  place,  and what is i t s  exact  t ime course? 

Does t he  heredi tary system dup l i ca t e  i n  such a way t h a t  

the m a t e r i a l  of t h e  parent  chromosome i s  d i s t r i b u t e d  

between t h e  two daughter chromosomes, o r  i s  a 

eubs t an t i a l ly  new chromosome formed? 

( 2 )  

Our at tempts  t o  answer these  quezt ions experimental ly  

are based on the  technique of high resolut i .on autoradiography: 

the photographic r e g i s t r a t i o n  of the si tes  of r a d i o a c t i v e  

atoms wi th in  t h e  c e l l .  Dr. lrralter S. Plaut ,  who I s  

supported i n  p a r t  by t h i s  gran t ,  has  been r e spons ib l e  f o r  

setting up the  autoradiographic  procedures . 
A e e r i e s  of autoradiographic  observa t ions  on t h e  

Amoeba c e l l  sugges ts  t h a t  P32 is Incorporated i n t o  WA, 

t h e  suspected h e r e d i t a r y  substance,  during t h e  pe r iod  - between d iv i s ions  , e s p e c i a l l y  during the twel f th  t o  

e ighteenth hour Of the twenty four hour cycle .  

e s t ab l i shed  t h a t  C 1 4  l a b e l l e d  adenine is r e a d i l y  

We have 
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Rowever, we 

$&@ t h a t  i t  was no t  f e a s i b l e  t o  fol low t h e  l a b e l l e d  

mosomes, as we had hoped, because o f  t h e i r  exceedingly 

small  s i z e  and low P content.  

q u a n t i t a t i v e  technique makes i t  poss ib le  t o  c a r r y  out  thLs 

experiment on a type of c e l l  with a l a r g e r  chromosome 

number. 

chromosomes t h a t  a r e  f a i r l y  l a rge ,  which looks as though 

it  w i l l  be s u i t a b l e  for exact  measurements of the  

d i s t r i b u t i o n  of pa ren ta l  DNA between daughter nuclei .  

The development of a 

We are  AOW using t h e  p l an t  Crepis  with s i x  

A great drawback of autoradiography i n  the pas t  h a s  

been the  l ack  of a q u a n t i t a t i v e  method: in order  t o  

es t imate  the  concent ra t ion  of r ad ioac t ive  atoms, i t  

is necessary t o  count the number of blackened s i l v e r  

g r a i n s  i n  a microscopic area.  I n  co l l abora t ion  with 

Dr. Plaut  and bfr. G. W O  E l l i s ,  an o p t i c a l  "grain counter" 

has been developed which now permits  us t o  measure t h e  

autoradiographs q u a n t i t a t i v e l y  . 
publicat ions:  

together.  See nex t  pacem 

ACS and UC gran t  publ ica t ions  l i s t e d  
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genera t ing  Rat Liver  and Bu t t e r  Yellow Hepatoma h 

ough this pro jec t  has only been i n  opera t ion  s ince  

Ju ly  of t h i s  y e a r ,  progress  may be reported,  

the  p ro jec t  i s  t o  compare the  c h a r a c t e r i s t i c s  of the  

i n t r a c e l l u l a r  c o n s t i t u e n t s  of a t i s s u e  under t h r e e  

The aim of 

condi t ions:  f i r s t ,  normal, a d u l t  t i s s u e ,  where l i t t l e  

growth i s  occurr ing,  1.8. normal r e t  l i v e r ;  second, the  

eane t i s s u e  undergoing rap id ,  bu t  con t ro l l ed  growth, 1.0. 

regenera t ing  r a t  l i v e r ;  a d  t h i r d ,  t he  same tis‘sue 

suf fer ing  deranged growth, 1.8. e b u t t e r  yellow induced 

hepa tono 

I t  has been poss ib le  t o  ob ta in  hepatomas in Long- 

Evans s t r a i n  r a t s  by feeding  b u t t e r  yellow, the  dye 

p-dimethylaminoazobenzene, i n  t h e  d i e t  f o r  t h ree  months. 

Zim$lmly, the  s u r g i c a l  t echnic  has  been pe r fec t ed  f o r  

removing the  bulk,  about -0 t h i r d s ,  of the  l i v e r  from a 

r a t  so t h a t  successfu l  regenera t ion  of t he  l i v e r  t i s s u e  

takes  place. 

the  comparative s t u d i e s  on the  l i v e r  as  ou t l ined  above, 

Thus, 8nFmalS a r e  now ava i l ab le  f o r  making 
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ina ry  experiments have been c a r r i e d  out on l i v e r  

f rom the t h r e e  types of ra ts ,  employing the  

u l t r a c e n t r i f u g e  t o  examine t h e  c h a r a c t e r i s t i c s  of 

ecule complexes of  the c e l l  cytoplasm. 

e very p r imi t ive  experiments i t  does appear 

mentation p a t t e r n  of the cancer c e l l s  shows 

rom the  p a t t e r n s  obtained from normal and 

liver. 

On the 

l o r e  work i s  required,  however, before  

t h e  q u a n t i t a t i v e  s ign i f i cance  of these r e s u l t s  may be 

assessed. 
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