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Rohert Gordon Sproul, President
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. _;}ydear President Sproul:

I take great pleasure in submitting to you the Zighth Annual

o ‘Zélso:t of the University of California Progrem in Cancer Research.

' 5.7 As in the past it is beneficial to take stoclt of how the program
f of ﬁancer Reserrch of the University is functioning snd to gauge how
£avm:ab1y it compares with the programs in other first rate institu-
enq of the land,
z

There are three levels of effort in a thorough, complete, and
logical program of cancer reserrch; namely, 1) clinicel resesrch on
cancer patients, 2) research on neoplessms and the cancer host by
animal experiments, and 3) basic research on the fundamentals of ths
natural sciences. Zach of the underlying activities feeds the one
above it., The rav materials for the ideas to attack the cancer prot-
lem must come from advances in the natural sciences. These ideas must
then be tried and develoved by means of experiments on animals, until
finally the refined and established values obtained in this way are
suitable for human trial. 3y the above test the University Cancer Re~
seerch Program measures up well, Cancer research is being vigorously
carried on all of the three mentioned levels.

to ﬂ

:
o

The University of Califernia, or no other institution, stands
alone or works in iesclation in the attack on the cancer problem. The
activities of every laboratory and clinic engaged in pertinent work
are motivated, guided and affected by the continuous exchange of ideas
and information that comstantly goes on. This occurs by many means:
publication in journals, meetings of scientific societies, personal com-
munications, etc. There is no more important element in the research
attack on cancer than that of the utmost freedom of communication in
acience.

To the extent that one can foresee, the conguest of cancer will bYe
a long, slov, laberious process, marked by individually small but re-
peated advances and successes. This means that infinite patience is
required on the part of all: investigators, legislators, adaministrators,
and above all the pudblic. No easy road can be seen ahesd and miracle
cures are not discernible on the horizon.

Gains are constantly being made in improved methods of diagnosis,
methods of treatment and in prevention. In these the University has made
significant contridbutions and the record of these contributions for the

164800
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tZyoar is contained in the current Cancer Research report.

>.A few significant items from the report may be singled out. The
cancer teaching progrem sponsored by the United States Public Health

- Se_:fv_a.ce. in which our University plays a leading vart, is doing outstand~-

< jng Wwork in emphesizing the importance of early diegnosis of cancer and in

E al;r;mg both the medical profession and the public to an awareness of this,
" The sytological method of cancer diagnesis, to which our University has
 contributed immensely, is being expanded and is finding new fields of appli-
: eatmn. Improvements in the applications of radiology to cancer are fore-

. cast: zin the reports of investigations now under vay in the Donner Laboratory,
- the Radiological ILaboratory and Department of Radiology of the School of
beiléme. San Francisce, and in the several departments of the School of

- ..eiicme. Los Angeles., Chemotherapy has had but limited success in the
treatment of cancer to date. However, there are high hopes of eventual
success. New compounds that are active against some neoplasms are being
developed regularly. Perhaps more important, some of the structural
features required for therapeutic activity against cancer are being

brought to light, In this program the University is takirng an active part
both in the development of mew drugs end in the clinical evaluation of
compounds that have passed scrutiny in animal tests. In addition many
important contributions to the advance of the natural sciences and to the

understanding of the nature of the neoplastic transformation are contained
in the revort.

Copiad from originc!s in The Bancroft Lik

Cancer research in the University of California continues to grow.
This is shown by the increase in the number of reports submitted this year
over last year. This increase has taken place in spite of the regrettable
logs to the University of a very active laboratory, The Ladboratory of
Experimental Oncology of the United States Public Health Service, This
steady growth has taken place in the face of some formidable obstacles and
it is readily apparent that we are far from the peak of the development in
the Cancer Research Program of the University. Only Just now are the
quarters for the Cancer Reeearch Institutes both in the North and South
reaching completion. Once suitably housed and with adequate facilitles it

can be confidently predicted that the research activities in cancer will be
mightily increased.

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

Respectfully submitted,

. 7

LT

David M, Greenbderg ’

Chairman, Cancer Regsearch Coordinating
Committee

P1b4801
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Z A i»The Eighth Annual Report of the Cancer Research
-

ook Program of the University of California differs from
%-; f previous Reports in that an attempt has been made to
© . include all of the cancer research activities of the
< < _Uhivgf}1ty rather than only those supported entirely,
28F . 27358

& T Cor~in part by University funds.

The projects financed
by University funds are clearly indicated in sach project

under the heading "Financlal Support®

The work of some individuals on groups of individual

may have been omitted; to these people the secretary wishes
to express his apologye.

The financial report includes known funds available

to cancer research workers exclusive of funds. included
in the regular University budget.

Two exceptlons should
be noted; namely, the inclusion of the regular budgets

of the Cancer Research Genetics Laboratory and of the
Cancer Research Institute, San Francisco. The data

were compiled from the Regents! Roster, reports of
investigators, reports of granting agencies, and the

files of the Cancer Research Coordinating Committee.

The research grants are those reported by the investigators,
whose decision as to which ones should be ¢lassified as

“"Cancer Research'", was accepted without question,

FIbY80o
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-The funds appropriated for cancer research by the
Legislature of The State of California, plus the income

_frem endowed funds, was the financial hard core of the

5oin The Bancraft tibiacy for

Cancer Research Program of The University. It should
_-be nqted that a greater number of research projects
;w_eie:supported entirely, or in part, by these funds than

i:b’jf'_frgnds from all other sources.

A
/\/x"‘. < x;.'. o L

K. Bs DeOme
Secretary of the Cancer Research
Coordinating Committee

Flbltggon
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=TozeRd
& garch
é £ 'le . University of California Funds '
2% il s, Californla State Appropriation $ 258,287
£%&-- 7 .°°B, Cancer Research Genetice 36,890
R Laboratory
£ %2 .7 . V. Cencer Research Institute, San 2L,984
lu T Francisco
&2 7. . De Income from Endowed Funds 28,356
S - ° Ee Donations and Gifts 56,339
= B Sub-total (1) $ 404,856
% i}éants from Foundations, Agencies,
© and Industries
As U, S. Public Health Service 345,126
B, American Cancer Society (National) 238,096
Ce Mmerican Cancer Soclsety (Call.liv,) 29,160
D, Atomic Energy Commission 316,500
a. Radiation Laboratory 265,000
b. Donnor Laboratery 36,000
¢ Others 15,500
Ee Damon Runyon Memorial Fund 12,000
Fo California Institute for Cancer 6,002
Research
G. Others 141,054
Sub-total (2) © $ 1,087,938
II. Teachlng Grants
1, U. S. Public Health Service 101,968
2, California Institute for Cancer Research 12,490
Sub=total (3) $  11y,458
III, Fellowships and Traineeships
1. U. S, Public Health Service (10) 27,450
2, Damon Runyon Memorial Fund (1) 4,800
3., American Cancer Society (National) (3) 10,800
L. American Cancer Society (Cal.Div,) (10) 7,000
Sub-total (4) $ 50,050

Total $ 1,657,302

1164808
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R g
. ,Title of Project: Nuclelc Acids.
i 3 :; ‘e vDuring the year designs for the construction and
gtzuz
§§g e grgntion of an apparatus for electrophoresls on paper have

besn published. The apparatus has meny general uses in
chemical and bicloglcal problems and information which has
been received indicates that many laboratories throughout
the United States have constructed thils apparatus from our
plans and have placed it in successful operation, The
apparatus was designed in thls laboratory to ald us in the
study of certain aspects of the chemlsatry of nucleic aclds
and ﬁucleotidea. '

By the use of the apparatus we have been able te
acconmplish the first successful resolutisn of the twelve
isemeric mononucleotides of ribonucleic acid by zone
electrophoresis, Formerly used procedures required as
much as one wesk to resolve these substances, Thelr
resolution can now be accomplished in from 30 minutes to
1 hour.

The electrophoresis apparatus has permitted us to
develop. a method which can be applied to the study of the

many enzyme& that are lmown to be concerned in the
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3 "".E ;;ﬁg;olism of the nucleic acids of tissues, In contrast

>§ )? 7t?£pi£;retofore published methods this technlque 1s specific
RN

. ;:;inﬁpgat specific intermediary products as well as end=-
,i'fﬁfqdécts can be detected and characterized., This method

i*waa_épecifically developed in order to study the nucleic

conly. i

S ;acidémetabolism in normal and neoplastic tissues and the

g_pfféé?s of x-irradiation in directing or eliminsasting such

Copicd irom origin>ts in The Ram

reforonre

oé.%éaéﬁions. This latter study has been undertaken in

collaboration with Dr. B. V. .. Low-Beer (Department of

Radiclogy). The method has already been used by this

laboratory to study the activation and inactivation of

ribonuclease upon the specific substrates uridine-2'-3'-

phosphate and cytosine-2'-3'~-phosphate, It will be
¥y

prepared for publication during the coming year.

Publications:

Allen, Fo We Nucleic Acids,

Ann, Rev, Biochem.,
23:98-124, 19S5k,

Crestfield, A. M., and Allen, F. We The Resolution

of Isomeric Ribonucleotides by Electrophoresis on Paper,

Federation Proc., 13:195, 195k,

Crestfield, A, M., and Allen, F., ¥, An Improved

Appartus for Zone Electrophoresis., Analytical Chemistry

(in press).

Crestfield, A, M,, and Allen, F, W, The Resolution of

Ribonucleotldes by Zone Electrophoresis. Analytical Chemistry
Do ress)
L] g \fe pressle
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Titlé b\ Project: The Synthesis of Glycolytic Intermediates

reactions of enolase, an enzyme involved in the metabolism
of carbohydrates, and, through the use of specifiec
inhibitors of structures closely related to that of the
natural substrate, try to learn something about the
mechanism by which this enzyme works.

During the four months this project has been in effect
we have reinvestigated the normal reactions of enolase,
end determined certain constants that will be rnecessary
as & point of comparison., In addition we have synthesized
three inhibitors of the enzyme, and measured the
" inhibition by a number of other substances. In genersl,

the work on this project 1s progressing rapidly, and shows

much promise,

Publications To Date: None.
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Factors Influencing the Stability of Ring and Rod

$hromosomes.

cference v

- T o=

z ; Qhe carcinogenic activity of x-rays and mustard gas
provide an excellent indicatloen that cancers arise from
genetic chenges during development. The essential
genetlic change 1s mutation but the effects of most
mutations will remain masked by the presence of a non-
mutated homologous chromosome. However, on elimination
of the non-mutated chromosome or on crossing over
between the homologous chromoscmes, the effects of the
prior mutation would be expected to become manifest,
Our work on this problem i1s devoted to studies of the
environmental, genetic, and developmental factors

affecting chromosome elimination and somatic crossing

over. The organism used, Drosovhila melancgaster, is

most 1deally suited to studies of this sort,
OQur data show a remarkable fluctuation in the

frequency of somatic crossing over, from 13 to 300

percent mosaic spots per fly. Environmentsal and genetic

differences otherwise minor seem to form the basis for

P1BLG 13
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7}thi§i§ide range of varlation. Somatic crossing over occurs

1 if;é-éisproportionately high rate during the very late

'devél;pmental stages,
; éince no carcinogenesis is involved here, work of this
sort éannot provide direct evidence on the origin of cancer
§Qﬁé&§ can be expected to provide models which can be
%é$€e§ against experience, In the present instance, the
wide fluctuations in scmatic erossing over would help to
sccount for familial tendency toward carclnogenesis of

g non-specific nature: the "high cancer" families would

be those with a hlgh frequency of somatic crossing over
leading to the exprescion of any type of carcinogenic
mutation in any typs of tissue in which it might occure.

The ccecurrence of somatic crossing over preponderantly

in late developmental stages would parallel the
observations in humans that neoplasms occur much more
frequently in older people when tissue growth and
replacement has reached s low rate.

During the course of these investigations, Dr, Drew
Schwartz of the 0Osk Ridge National Laboratory published
his‘evidence for a two-step mechanism of crossing over,

Dre. Schwartz based hls argument on studies of somatic
crossing over in the frult fly somewhat similar to those

being conducted in this laboratory. Because an

understanding of the mechanism of crossing over would

1
L4
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ALt present, work is progressing along several lines.
A determination of the time 1n development at which
somatic crossing over occurs is being made by means of
high tempereture treatments. Preliminary results have
shown that the frequency of somatic crossing over may
be affected by variation in mineral nutrition.
Statistical comparisons are being made of the
developmental stages at which somatic crossing over and
ring chromosome elimination take place. A large scale
analysis of the number and distribution of genetic
factors affecting the frequency of somatic crossing over
is being projected for a thesls problem for a graduate

student.,
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fTiéle of Profect: A} Metabolie Patterns in Tumor Tissuss

B) Pituitary Tumorigenesis

A, METABOLIC PATTERNS IN TUMOR TISSUES
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The ultimate aim of certain investigators in the field

of carcinogenesis is to obtaln an answer to the problem as
to why a tissue or organ that, after mainteining a constant
size for e period of, say, 50 years, suddenly takes on new
growth which may result in death of the host. It is not
unreasonable to argue that an altered mstabolic pattern

18 responsible for the turn of events. But regardless of
the point of view, there can be no doubt at this time that
the peculiasrities, if such exist, in the metabolism of
tunmors must bs sxploreds. For this reason we are pursuing
the various metabolic paths in normal and tumor tissues,
We are dolng this with the aiad of C:l-labeled glucoss,
fructose, acetate, short end long chain fatty acids of the
even series and of the odd series, Other clu-labeled

compounds are in the courss of synthesis,

1, A Chromatographic-Radicautographic Approach to the Study

of Acetate Metah®olism in Tumors
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} hethods for detecting and for obtaining a quantitative
- estimate of intermediates invelved in the utilization of

;; carbohydrate, fats, and proteins It 1s for this reason that

fi §e are devoting much time to the develcpment of a method

ror detecting and measuring the compounds involved in the

rate ot scetate in normal and tumor tissues, It should be

'recali@d here that acetate represents, as closely as we can

Copied fram criginsts in The Barncredl Litesry for

rofaron
(-?hcr |.h.r.

get to it, the two~carbon fragment, acetyl-S-CoA, which 1s
a meeting point in the pathway of brsakdown of fats;
carbohydrate, and amino acids; and in the pathway of
synthesis of these same compounds.,

During the year under review we have succeeded 1n
developing such a method., It involves fllter paper
chromatography, and since our starting materisl is
radioactive acetate, we also make use of radicautographs

-of the chromatogramse.

2+ Fat 0xidation in a Mouse Hepatoma
The abllity of normal tissues or their enzyme
preparations to oxldize fatty acids via Cp fragments
(acetyl-S=CoA) has been demonstrated convincingly by
many workers. Curiously enough, the vlew has appeared in

the literature that ketcgenesis does not occur in tumor

LEbuG



DOCUMENT SOURCE

University of California at Berkeley

The Bancroft Library/The University Archives, Berkeley CcA
RECORDS SERIES TITLE

UV Pree ormgs Mogrs
MNCW\X;E%NO.
CART% ° COPY
"R (85
AN G furds
ou' ay%@ lzqug

. 3
L e £ Chaikoff

B Taelié. Since the formation and sccumulation of

RS ;aégtéacetate have important implications as to the manner

~ Bancroft Library for

:by'ﬁhioh that tlssue oxldlzes fatty acids, we undertook

Gopie.t frory criginals in T

a‘stﬁdy of acetoacetate formation by a tumor, the mouse
hepaﬁbma. In this study we made use of octanoate-l-clh.
' We found that 1sotoplc acetoacetate accumulated in

'meagﬁfable quantities, and that the distribution of the

IPRZ

;5 Hsosape in the ketons body is consistent with the view that

) —.f;tty acids are degraded to two-carbon fragments which then
recondense to form acetoacetate. The hepatoma, 1n its
metabolism of octanoate-l-Clu, resembles extrahepatic
tissues in that the acetoacetate which is formed 1s readily

utilized. This explains why so little kstone bodles

accunulate in tumors.

B, PITUITARY TUMORIGENESIS
Some time ago we observed that pltuitary tumors can
be induced by I'3} injections, Since these are slow in
development, we have lmported & transplantable pituitary
tumor from Dr. J. Furth, and these are mroviding the |

material for our present studies.

Publications:

Brown, G. Wo, Jre; Chalkoff, I, L,; and Chapmen, D, D,

Demonstration of P-Oxldation and Acetoacetate Formation in
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5 ii . University Department: Chemistry and Chemiecal Englneering
£°*' Financlal Support 1954-55: UC $ 2,600,00.

?'i T Title of Project: A Study of the Effects of Radlation on

L 'Ghéigsterol.

4§ : % éThe purpose of the prnject 1s to investigate further

&) >

the nature of the products formed by the irradlation of
cholesterol, & normal body constituent. From such a study
1t 1s hoped to be able to evaluate the possible routes
whereby irradiation products can arise and to ascertain 1f
such products can be related to lknown chemical carcinogens.
It has been found that cholesterol upon irradlation
with soft beta rays undergoes decompositlion when the reactien
18 conducted in the presence of water or air. The nature
of the products produced suggests that certain portions of
the molecule ars more susceptible than others. Of the
positions attacked, it is of interest to note that the
products formed can be viewed as being possible precursors
of the chemical carcinogen, methylcholanthrene.
Work now in progresa is to determine the possible
route followed in such an irradiation in the absence of
air and water. Further, it is hoped to evaluate the role
of the irradiation in the decomposition of cholesterol eo

that a better idea may be gained as to the general aging
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.Beéébnsible Investigator: Dr. Charles A. Dekker

Dniversity Department: Biochemistry

- - ?inéhcial Support 1954~55: ACS $ 4,600,00.
oo P (grant-in-gid CH-23)

n
v B

cginzts in The Bangroft Librory for
it b

Title of Project: The Chemical Synthesis of Dinucleoslde

T

‘Ehgibhatea end Dlnucleotides,

Copied i

1SSk

APPROACH

Writ
Ve

oty 1l

Reaction of nucleoside 2':3'-cyclic phosphates and
nucleoside (2' or 3') phosphoryl ureas with suitably
protected nucleosides and nucleotides.

PROGRESS

(1) The reaction of the cyclie phosphates with
gimpler alcohols end amino alcohols has been examined.

In aqueous solution at pH 7 to 9 good yields of nucleotide
esters have been obtained with amino-alcohois, The
mechanism of this reaction has been investigated in view
of its possible relation to enzyme catalyzed
transesterification reactions.

{2) Self-condensation of the cyclic phosphates in
non-aqueous syatems has been investigated with the finding
that modest yields of di- and tri-nucleotlides can be
formed in this manner.

(3} New methods of phosphorylation have been sought
which would simplify the preparation of the intermediates

in the reaction, In particular, salicylyl phosphate and

I1btEz2
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- Dekker 1
= E * . o<phenylene phosphate have been investigated. The former
2 T has proved useful for a simple and rapid preparation of
E S :

£ ¢ -7 -uaridine diphosphate (UDP) from uridine monophosphate

2 - (UMP) although in smell yleld. The o-phenylene phosphate
% ;‘ "has éertain advantages as a phosphorylating agent, since

E . the ?rotecting group (o-phenylene) can be easily removed.
T : >

Dekker, Co. A.,, and Khorene, H. G, Carbodiimides.,

VI.

The Resction of Dicyclohexylcarbodiimide with Yeast
Adenylic Acid., A New Method for the Preparation of
Monoesters of Ribonucleoside 2'~ and 3'- FPhosphates.

J. Am, Chem. Soc., 76:3522, 1954,

1164823
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Responsible Investigator: Dr. Charles A. Dekker

" ‘University Department: Biochemistry

Financial Support 1954-55: UC $ 4,024,00.

Titié of Project: Sfudy of the Specificity of the

L % {Pﬁ@éﬁhatases Involved in the Degradation of Nuclele Acids.

AIM
Further knowledge regarding the structure of nucleic
aéids and regarding the mechanism of action of the various
enzymes,
APPROACH
Synthetic substrates are prepared and the action of
the enzymes studied.
PROGRESS
A clearer understanding of the specificity of the

phosphodiesterase obtained from Crotalus ademanteus venom

has been gained using synthetic nucleoside 2':3'=cyclic
phosphates and aesters of nucleotides, The same
derivatives have been tested as possible substrates for
other phosphodiesterases, This work has resulted in the
discovery of an ldeal substrate for ribonuclease which
should have value as & means of assaying for this
important enzyme. _

The action of deoxyribonuclease on deoxyribonucleic

acid (DNA) has been studied snd a mechaniam has been

Flbug2y
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Publications:
. Dekker, C. A, Action of Snake Venom Phosphodlesterase
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Compounds. Fed. Proc., 13:197, 195L,
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Dekker, Co As and Schachman, He K, On the
Macromolecular Structure of Deoxyribonuclelc Acid: An
Interrupted Two-strand Models Proce Natls Acads Scl.,
40:89k, 195k,
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| heséonsible Investigators: K. B, DeOme; Howard A, Berr;

Max Alfeft-

:f - ﬁniéersitx Departrment: Zoology and Its Cancer Research

Genetics Laboratory.

Finsncisl Support 1954-55: UC $10,100,00; ACS $ 3,098,00.

(SN

Research Genetics Laboratory.

The ressarch program intrinsiec to the Csncer Ressarch
Genetics Laboratory is supplemented by cooperative projects
in which Laboratory research personnel and facilitles are
employed to varying degrees, Larger cooperative projects
are separately reviewed and are referred to throughout

the text of the report.

STUDY OF THE "PRECANCEROUS LESIONS™
OF THE MAMMARY GLANDS OF THE MOUSE
The hyperplastic nodules found in the mammory glands
of mice belonging to strains destined to have mammary tumors,
are usually referred to as "precancerous lesions." Because
little is known of the morphologic and physiologic character-
istics of these nodules, an organized effort is being made
to characterize them definitively and to determine the
factors involved in their induction, maintenance, and
transformation into tumors. Thus, the "precancerous lesion"

1s being investigated with regard to: 1) growth potential

F1bug20
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5T ansplantation Studies,

s oper-

j;ﬁﬁ ia;ms of transplantability, 2) metabolic and cytochemical

: - 3
¢ “chardcterlistics, and 3) resvonse to endocrine factors in the

L 5115353 enimal and in organ cultures

>

=

3The precancerous nature of the hyperplastic nodules found

- ;ihgﬁge mammary glands of virus-infected mice which develop

'médﬁgiy tumors has been inferred from several types of

Q)
>

;;fdence. The “"precancerous lesions" could be either mammary
gland areas altered by the virus, which are not yet neoplastic;
or areas which have already undergone the neoplastic trans-
formations A comparison of the transplantability of hyper-
plastic nodules, normal glands, and known tumors should be
helpful in distinguishing between these two posslibilities.

A single hyperplastic nodule, s sample of normal
memmary gland, and a sample of tumor, all from the same
donor mouse, were simultaneously implanted into a series
of test animals, The fate of these transplanted tissues is
being determined, To date, all of the tumors, only a few
of the hyperplastic nodules, and none of the normal glands
have shown tumor=-like growth. The results suggest that most
of these hyperplastic nodules had not undergone the neo-
plastic transformation,

(DeOme, Wellings, Faulkin)
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S % 1, Morphologic and Cytochemical Studies.

A "if‘ It has been possible to establisH some criteria for
'hyﬁerplastic nodules, and various cytologle and cytochemical
Tﬁeﬁﬁods have bsen emﬁloyed in comparing them with normsl,

prglactating, lactating, and tumorous mammary tlssue. It

i ria-apparent that there is & family of structures referred to

referencao use only, Copies mav nout be o Loyited

_»:(\‘—

scz= s>"hyperplastic nodules."

In general, in the inactive gland the "average"
hyperplastic nodule closely resembles prelactating tlssue
in regard to cytoplasmic vacuolation (and therefore lipld
distribution) and in the distribution of alkaline phosphatase,
Microspectrophotometric studies using the Feulgen reaction
for DNA demonstrate no difference between normal gland and
hyperplastic nodule; both contain predominantly diploid
cells and a small proportion of presumably premitotic
tetraploid cells (with twice the "normal" DNA value), 1In
tumors, the frequency of tetraploid cells is greatly
increased; this is probably correlated with the higher
mitotic activity of this tissue, In additlon, tumor tissue
contains some highly polyploid cells which are not foun&
in corresponding non~neoplastic tlssues,

{Alfert, Bern, DeOme, Nishi)

3 2. Metabollc Studies,

A comparison has been made of the uptake of radiocactive

phosphorus (P32) of normal, nodular, and tumorous mammary

tibtgzs
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= 53 from the same female C3H mice. Analysis of the paired

g E data rrom untreated multiparous animals demonstrates that the
i é": nedule has a significantly higher P32 uptake than normal

Z é; "tissue and a significantly lower P32 uptake than the tumor,

g é. i thus establishing an intermediate metabolic position for the

é ) ‘ nddui;. Nodular tissue shows a P32 upteke not significantly

; é;;é dé{feéent from that of lactating tissue,

E*é% éi~i;;§ata have been obtalned on the effects of pregnancy,

ovariectomy, and estradlol administration. In the pregnant
animal there is an elevation of P32 uptake of non-tumorous
tissue approaching the level found in tumorous tissue, In
addition, the difference between nodular and normal (i.e.,
prelactating) tissue is less apparent. The relatilonship
between normal, nodular, and tumorous tissues observed in
untreated mice 1s not appreclably altered by estrogen
treatment for two weeks.

(DeOme, Bern, Pissott; with the collaboration of W. E. Berg)

I1II. Investigation of Endocrine Control Factors,

1, In vivo Studles »

Preparations of mammary glands from about 400 young
male and female C3H mice, with and without milk factor, are
being studied with respect to the influence of various
hormonel treatments upon the incidence and morphology of
the hyperplastic nodules, Administration of estrsadiol,

prolactin, hydrocortisone, and testosterone; ovariectomy;

164829
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"empibyed. To date, observations indicate that definite

'glé@hular sbnormalities result from estrogen treatment. Some

éreQindistinguishable from typical hyperplastic nodules;

“rginele i The Bancroft {ibeor

othd}s appear to be atypical growths developed from terminel

budé. In addition, unique alveolar hyperplasias appear

: after month-long hydrocortisone treatment,
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? The effect of castration on the nodule incidence in

virgin female C3H mice i3 also being determineds Castration

gt an age when the tumor incidence is not affected
appreciably will provide information as to whether the nodules
are independent of ovarian control or regress in the absence
of ovarisn hormones.

Some success has been attained in the development of

technics for routine adrenalectomy and hypophysectomy of

mices The use of the triply operated mouse (hypophysectomized~-

adrenalectomized-ovariectomized) will eventually be

required to analyze fully the hormonal lnteractions involved

in nodule and tumor induectlon,

Nodulss, particularly in prelactating glands, are often
£i1lled with a secretion frequently indlstinguisheble from
milk, Studies with oxytocin are being conducted to see

whether or not these nodules will "let-down" milk in the

same way as normal lactating glands., Some evidence for the

existence of non-reactive nodules haas been obtained, and an
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P attempt ia being made to correlate the rssponse with presence

: or absence of myoepithelial cells in the nodules,

E The possible role of the adrenal cortex in the mammary

\.«

response to estrogen administration iu being investigated,

Although no significant adrensal hypertrophy occurred in
estrogen-treated C3H mice, B Alb C mice show notable adrenal

hypertrophy coupled with so=called "brown degeneration"

Studies have been completed

of the inner cortical zones.
which show that estrogen reduces the resistance of mice to
stressors (formalin, cold, inanition) and that the relsation

of adrenocortical stimulatlon to continued estrogen dosage

needs to be considered.
(Bern, DeOme, Frunk, Wellings, Campbell, Blair, Harkness,

Nandl, Rosen, Crosby, Professor Cs He LI kindly supplied

the prolactin employed,)
The effect of castration at different ages upon the

incidence of mammary tumors in female C3H mice is being

studied. Previous studies have shown that castration at

an early age (less than 2 months) will prevent the
appearance of mammary tumors, whereas castration at later
eges will not prevent the development of tumors., Studles
now in progress indicate that the older the mice at the
time they are castrated, the higher the tumor ineldenca.
For example, no tumors appeared in animals castrated at

60 days of age, whereas a large number appeared in those

Plbuds|
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"2¢ In vitro Studles.

_ ;TjSurgical difficulties make it impossible to observe the

Copied from
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ﬁe%élastic transfermation in living mice. Because of these
s s

MSSIe

aifficulties it would be useful to maintain normal and
precancerous mammary glaend tissue in culture so that changes
could be observed. Initial attempts to culture the mammary

hyperplastic nodule in vitro by Fell's organ-culture method

have been successful, Nodules removed from the mammary

gland under sterile conditions have been maintained for
several weeks by subculturing, Fortunately such cultures
exhibit only a slight tsn&ency to form cellular outgrowths,
Experiments are now helng set up which will allow us
to determine the following: 1) the course of development
of nodules in vitro and thelr subsequent transplantability;
2) the effects in vitro of hormones known to affect mammary
tissue in vivo; 3) the development of nodules from mice
pretreated with various hormonal combinations; L) the effects
of carcinogens added to the culture medium; 5) the influence
of high pH of the culturs medium, reported to cause
epithelial proliferation in tissue éultures of mammary tumor

cells. It 1s hoped that these studies will provide information

[1b

J
~o

8

£



DOCUMENT SOURCE )
University of California at Berkeley

_ osTs::. 23;cron Library/The University Archives, Berkeley CA
[ K ngmwmm.-‘ Wpus
a ?{'? : COPY
RS Qupis 15
oot Yands

&7 LA%5

V—‘_ - -

T 8
Efr oo DeOme et 8l,
2T T T Es
¢ d
£z
£ 25 - 3
= < 7 on the development potential of hyperplastic nodules,
£ S = {Elias, DeOme, Bern, Frunk)
. = . THE STATUS OF THE MAMMARY TUMOR VIRUS IN STRAIN A/Cal MICE.
= 9 .
§~? The lack of correspondence between the increasing
<o : .
g incidence of mammary tumors and the demonstrated presence
g Er'i of memmary tumor virus in A/Cel mice has been studied for
Qo L= 3
=& 2= 8
© L Z c iggverml years, Prior to four years ago this strain had been

essentially free of mammary tumors and of virus. Since that

time the mammary tumor incidence has increased as the result

of selection to more than 75%. Three successive virus tests

during the last four years have shown that the demonstrable
mammary tumor virus has not lncreased in proportion to the
incidence of mammary tumors.
in the mammary glands of these mice, and the present high
incidence of breast cancer suggest that some virus-like
ineiting agent is present, but possibly in a changed state.
Additional experimenis are belng carried out to clarify thls

' situation.
(DeOme, Prunk, Barnawell)

THE TUMOR SPECTRUM OF WILD MICE.
The need for experimental animals with tumors of the
gastrointestinal and reproductive tracts prompted a search
for new strains of mice which might have tuma s of these

typess Since laboratory mice have been selascted for other

types of tumors for many generations, 1t seemed possible

F1b4833
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25 | that unselected wild mice might show the desired tumor types,
€3
o & ‘end could be used to establish new laboratory strains. wild
r—}»
E Y "mice were collected from the salt marshea adjacent to San
HoC
P
,§_§ Francisco Bay and were maintained in the laboratory until
; V they died. Several inbred lines were started to establish
> éi whatever new characteristics mizght be present in the wild
3 ;:‘ﬁmousa population. A sufficlent number of wild mice and

thelr immediste descendants have died so that a preliminary
picture of their tumor incidence can be presented.
Unfortunately, the spectrum. of tumors among wild mice does
not differ significantly from that found in lsboratory mice.
The inbred lines are not yet old enough to reveal differences

in tumor incidence,

Tests for the presence of the mammary tumor virus among
wild mice are nearly complete and reveal that little if any
virus is present; however, mammary gland preparations from
some wild mice show "precancerous lesions" similar to those
found in viruse-infectsd laboratory mices Tests for genetic
reaistance to mammary tumor are not yet complete, but
suggest that the wild mice are resistant,

The reslistance of wild mice to X-ray irradiation has
been studled, dbut again the wild mice do not differ
significantly from the laboratory mice.

(DeOme, Barnawell)
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25 L= EXPERIMENTS ON CELL SELECTION
§ - Thé degree of variability existing among the individual
i %?.cells within the cell population comprising a tumor is of
= both theoretical and practical significance, For example,
§ the séﬁfch for & chemotherapeutlc agent for cancer depends

upon the assumption that all of the cells within a tumor cell
:population are sufficiently allke so that they will respond
.td g gt&en agent. Whether or not ¢ell variability is

opled o

sufficiently low to make successful chemotherapy likely,
has not been demonstrated by actual test,

Several years ago we started a serles of experiments
to test the varilabllity of mammary tumor cell populations,
using transplantabllity to different but closely related
strains as the criterion of variability., However, the
experimental deslign wcs so rigorous as to exclude most of
the tumors tested; hence, the results obtained to date are
not representative of mammary tumors of the mouse, The
results obtained from the "atypical' tumors indicate that

’ the variability is very great. Less rigorous tests have
been started which will allow inclusion of a greater number

of spontaneous tumors.

(DeOme, Frunk, Finster)

AN ATTEMPT TO TRACE THE MAMMARY TUMOR VIRUS IN TISSUES OF MICE.
The mechanism by which the mammary tumor virus produces

memmary tumors in the mouse is unimown. Mice infscted with

ITEYEEE:
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ot ivirus during the first month of life develop tumors 8 to 11
ol
g 'Tmonths later., A knowledge of the fate of the virus during
< -
o ;'ithe period between infection:end tumor formation might give
oL
f L ”:.some cluea to the method by which the virus initlstes tumors,
g ; 5 The "fluorescent antibody" method of Coons 1s being developed
s N .
£ - as a promising approach to the location of virus in the host.
2 2~ (Alfent, DeOme, Goldstein, with the collaboration of R, C.
BEFl 2
5 €= Z Bapkus of the Virus Laboratory)

REASON FOR THE EARLY ONSET OF MAMMARY TUMORS IN A/Ne MICE,
A new substrain of A/He mice has appeared in this

laboratorye. The new substrain (4/Ne) is characterized by

a very early age of onset of mammary tumors but retains the
same high incidence as its parent strain (A/He), Since an
early age of onset of tumors usually impllies an increased
genetic susceptibility to tumors or an inecreased potency of
the tumor-inducing agent, it follows that sn investigation
of the difference between A/Ne and A/He mice should yield
valuable infcrm#tion pertinent to these two points., A
series of experiments 1s under way designed to reveal
possible differences in genstic susceptibility, in the
quantity or quality of the mammary tumor virus, and in
endocrine activity in these two strains,

(Beebe)

[1b483b
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SUBSTITUTION OF XeRAY IRRADIATION
POR MAMMARY TUNHCH VIRUS IN MICE,.
ﬁammary tumors can be produced in mice by means of either
virus or chemical carcinogens, X-£ay irradistion is also
known to produce tumors in mice, dbut it is not known whether
or not~X-ray irradiation ean producse mammary tumors in the

absence of chemical carcinogens or the mammary tumor virus,

, ‘Experiments were conducted to answer this question,

A hybrid mouse was produced with full genetlc susceptibllity
to mammary tumor but without the marmmary tumor virus, These
hybrid mice were irradiated with doses of X-ray varying from
0=700 r, The experiment 1s not completed, but it i3 already
clear that X-ray irradiation is not comparable to elther
virus or chemical carcinogens as in incitor of mammary tumors
in these hybrid virgin female miece, A similar experiment
hes been started using breeding female mice of the same
genetic composition.

(DeOme, with the collaboration of Henry Kohn and Robert
Kallman of the Radiological Laboratory)

STUDIES OF NORMAL AND ABNORMAL KERATINIZATION,
Cytochemical studies of keratin formation in the
vagina, in metaplastic lesions, and in the epidermis have
been continueds Vaginal keratinlzation in the rat resulting

from estrogen treatment has been distinguished from that

@
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,:é churfing in vitemin A deficiency on the basis of certain
3‘; his%oiogic criteria and of ecytochemical differences in the
" distribution of alkaline phosphatase, RNA, sulfhydryl groups,

‘ etc; In estrogen=induced keratiniiing lesions in the mouse

prostate, microspectrophotometric measurements of nuclear
g'~b DNA and protein reveal a pattern of nuclear degeneration

- difrering from that typlcal of pycnotle degeneration.

g Epidermal studies have resulted in some information on the

Con
re

‘

1

2 nature of the keratohyalin granules of the stratum granulosum,
which evidently include a RNA component along with considerable
phospholipid and show 1little evidence for any direct

relation to the keratinizatlion process.

Radioautographic studies with S3s-cystine, P32-phosphate,
clh-amino acids and scarbonate have been completed and allow
us to present a working hypothesis of the chemistry of
keratin formation, In the formetion of both "soft" keratin
(estrogen~treated vagina, esophagus, epidermis) and "hard"
keratin (halr shaft, tongue papillas) in the mouse, similar
processes seem to occur. There is a speciflic concentration
of radiocystine (presumably as cysteine) by the keratogenous
zone in halr formation and by an analogous subwcorneal
zbne in "soft" keratin-forming tissues, This concentration
is evidently accomplished by cells which, although dying,
are nevertheless capable of carrying on protein synthesis

in the form of keratin. Proteins moving up in cells from

164338
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incorporated in the synthesis of new proteln.

organism génerally are belng completed,

(Bern, Alfert, Harkness, Blair)

HUMAN CERVICAL TUMORS,

1
DeOme et 8l,

dergo hydrolytic

decOmposition in the keratogenous .zone where cysteine 1s

The

sulrhydryl groups of cysteine are then evidently oxidized
to disulfide to form ecross-linkages between the polypeptide

Additlonal radioautographic studies on the distribution
-of radiocystine during the halr cycle, in the female genital

7 ¢ fpact in various endocrine states, and in the normel

Human tumors, like the well kmoom anlmal tumors, ars

probably the rasult of the interaction between hereditary

and environmental factors.

Previous studies have failed

to reveal consistently strong hereditary predisposing

factors in the occurrence of cancer of the uterine cervix

in the human female; hence, a search for enviromental

factors was undertaken,

Environmental factors which might

influence the incidence of cervical cancer were sought in

the histories of women who had recovered from cervical cancers

More than fifty patients and a like number of controls

(matched for age, race, sex, and religion) were interviewed

by one questioner,

Complete family historles were obtalned,

and the presence or absence of the selected environmentel

ilbtad3g
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fact&rs was determined,

éA comparison of the incidence of all types of tumors
or of cervical cancer only between the families of cervical
cahéer patients and the fsmillea of the controls revealed
‘no differences which would suggest the presence of strong
hereditary predisposing factors, Among the groups of

se;ected environmental factors only those indicating

z .':énﬁocrine disturbances were found with a significantly

greater frequency among cervical cancer patients. An
intensive search for speciflec types of eridocrine disturbances
correlated with the presence of human cervical cancer is
Indicated.

This material was collected as a cooperative project
with Kalser Foundation Hospitals, It has been incorporated

into the doctoral dissertation of I, Rotkin .and is being

prepared for publicatione.

Publicatlions:
Alfert, M, Composition and Structurs of Glant

Chromosomes. International Review of Cytology. 2:131~176,
195k,

Alfert, Ms Quantitative Cytochemical Studies on
Patterns of Nuclear Growth. Experimental Cell Research
Supplement, 1355 (in press). Presented at Eighth Congress
of the Enternatlonal Society for Cell Biology st Leiden,

Holland, September, 1954,

[1b4840
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Alfert, Me; Bern, He As; and Kahn, R. He Hormenal

IV, Karyometric and

Acta Anatomica, 1955 (in press)e.

Alfert, Me; Bern, H, A,; and Alfert, Es. Hormonal

I1I. On the Effect nf
Zeltschrift flir wlssenschaftliche

Fixation on Nuclear Volume,

Mikroskople, 1955 (1n press).

Bern, He A, Histolagy angd Chemistry of Keratin

Nature 174:509-511, 1954,

Formation.
Hermonal Influence on

Bern, Hs A, and Alfert, M.

Nuclear Synthesis. II. Volume, Desoxyribonuclele Acid and

Protein Content of Renal Nuclel in Castrated and Testosterone-—

treated Mice, Revista Brasileira de Bilologia 14(1):25-29,

1954s
Bern, H, A.; Harkness, D. R.; and Blalr, S, M,

Radiocautographic Studies of Keratin Formation. Proceedings

of the National Academy of Sciences, 1955 (in press).
Presented at Society of Experimental Biology and Medicine-

A.A.A.S. Meetings, December, 195l.

Bern, He Ae3 Harkness, D. R.; and Blalr, S. M, Studies
of Vaginal Keratinization with the Aia of Radiocystine,
14:797 1954 (abstract).

Je Clin, Endocrinol, & Metabe
A Comparison of Vaginal

Blair, S. M., and Bern, H, A.
Keratinization in Vitamin A Deficiency and After Estrogen

Administration. Presented at Western Seciety of Naturalists=-

L1bugl
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DeOme et al.
A.é.E.S. Meetings, December, 195L. ,

:épampbell, R. A.; Bern, He Ay; and DeOme, K. B. The
Adverﬁe Effect of Estrogen on the Resistance of Mice to
”Streés. Presented at the Western Society of Naturallsts-
A.A.A.S. Meetings, becember, 195k,

:éﬁahn, Re He Effect of Locally Applied Vitamin A and
zEgt;;éen on the Rat Vagina. Am. J. Anat, 95(2):309-336, 1954.

Makino, S., and Alfert, Ms To the Questlon of Somatic

Reduction Divisions in Sea Urchin Micromeres. Experientia
1954 (in press),
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%‘}54Responsible Investigator: David M. Greenberg

E ?iiUniversity Department: Physioloéical Chenistry

”— * * Pinencial Support 1954=55: UC $12,500.,00; ACS $12,242,00;

E ; ’ : PHS § 9,500,00; Runyon $12,000,00,
L7 itle of Profent: Blochemical Studies on the Nature and

g %:ééeiréésgsn of Neoplastic Growthe

G izl

PURPOSC OF INVESTIGATION

The major topics that are being investigated in our
cancer research progran are: 1) A comparative study of the
metabolic reactions end blochemical properties of normal
and neopiastic cells, 2) Study of the effect of the
neoplastic¢c process on the metabolic reactions and biochemical
properties of the host. 3) Chemotherapy studies on cancer
based on the principles of metabolite antagonism and
radiomimetic action, L) Study of the mechanisms of the
development of drug resistance in cancer.,

Through the comparative study of the metabolic
reactions and chemical properties of neoplastic and normal
cells, it is hoped that eventually differences between
the cancer and the normal will be discovered that can be
employed for the development of effective measures for
the diagnosis, treatment, and control of neoplasms.

METABOLIC STUDIFS ON TUMORS
A spectrum of mouse and rat tumors are being studied

for differences in chemical and metabolic properties,

FIbUgL3
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Widé differences have been observed in the contents of the

Carcreft Uiy

j‘rree aiino acids and nuclelc ecids, The differences are

. oof sucﬂ‘a magnitude that they warrant comparative studies

i T

on the 8ffsot of widely different tumors on the metabolism

of the tumor-hearing host, Sush an investigatlion should

distinguish bstween metabolic derangements which moy be

o relageé.to the specific me=abolic pattern of the tumor and

-3

c 5~i§o§é§@hich are a gonsral condition of neoplasiae
MECHANISMS OF PROTEIN SYNTHZSIS
This is being approached b;r investigation of the effeccs
of chemical analogues of certain amino acids on the
incorporation of radioactive amino aclds into the protein
of the Fhrlich ascites carcinoma. Two types of metabolite
antagonists appear to be emerging from this work. One type
exerts an independent inhibition or its congener and does
not interfere with the incorporeation of unrelated amino
acids, The other type aﬁpears to block incorporation of
all amino acids so long as the ccngener amino acid
remains unavaileble, Evidence has also been obtalned of
the manner of utilization of phosphate bond energy in
peptide synthesis, We feel that this investigation should
throw new light on the mechanism of action of amino acid
antagonists and consequently ﬁill contribute to the

understanding of the use of antimetabolites in the control

of neoplastic growth.

1ibUgay
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L nE CHEMOTHERAPY
‘ }In the fleld of cancer chemotherspy it 1s 1mportant

*0 cénstantly test against the defects of present methods

and to develop improved methods,

.Since the free-cell ascitic form of a tumor has been

srets o

= shown to be more susceptible to chemotherapy via
intraperitoneal injectlion, we have attempted to develop
,gn:g§sortment of these ascites tumors for preliminary

f»:écQé%ning tests, Three of our 5 mouse tumors (Ehrlich

Copindg {ro o rr,

carcinoma, Gerdner lymphosarcoma, and the C3H~SX mutation
of ths Chinkin memmary carcinoma)} and the rat tumor
(Walke>-NS% carcinosarcoma) have adapted to growth and
trar.cnienting in the ascitic forms

mrzluation of cancerostatie activisy on these free-
cell forms is based on 1) to“al weaight gain, 2) ascitic
f1v24 welght. 3) packed cell volume of the ascitic fluld,
anc ) cdegree of solid tumor growth in the peritoneum,

A1l compounds screened here are now tested first
ageinst the ascitic tumor which has been shown to be most
sensitive to a related known cancerostatic agent (See Table
I). Compounds proving effective uncer thess conditions
are tested further on other ascites end solid tumors and
via other routes of administration,

To date, this procedure has shown one sulfur-mustard
analogue synthesized in our laboratories, to be as

effective as N-mustard against the 3 ascitic tumors tested,

FTukBuod
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i.e;vﬁoth produced complete regression of the free cell

e lor

.t forms.of the Ehrlich and C3H-SX tumors. Further

charagdterization of this compound, against solid tumors and

by varying routes, is in progress,

1t Gone

TABLE I

Hetnete B

Effect of Known Cancerostatic Agents on

£ . Different Forms of Some Mouse Tumors
3 L . zAgante Ascitis Tumors Barrett
gi - % o83 Zhrlich Gardner C3E~8X Solid
Free Solid Free Solid  Free Solid Kamm.
cell _ cell o eell _____ Cerce
Mustards:
E-Hustard —+ + + - - +* +
Sh-1 -+ + + - ++ + ‘
Sthylenimine Copds:
TEH +
TEP ++(toxic)
TEP (thic) +(toxic) + - - ~ +—+
Purine-Pyrimidine:
8-Azsguanine + * = = - +*
é—Mercaptopurine + - - - - +
Thicguanine + - + -
{toxic) (toxie)
Miscellaneous:
Aminopterin ++ -
Urethan +
ACTH -
lyleran (Timmis cmpd,) ~ + - - +
++ complete regression (or 9C% € solid tumors)
+ moderate regression { 50-755¢ P LIS
%t s1ight regression ( 25-50%¢ " o)
-~ no effect
=

increased tumor growth

FlbuBlb
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I RS GENERAL METABOLISM AND ENZYME STUDIES

ér wf“!‘here are three essential levels of cancer research:
? zrii) Clinieal research on cancer patients; 2) researeh on

; experimental cancer with neoplasms; and 3) research on the
§ E fundaﬁental basls of 1ife processess The last named

provides the pool of information upon which the other two

must draw,

= %ﬁjﬁasic research in our Lsboratory consists of a study of

Copiad from ~ricinets in Tho Bonercit Litrary for

reter

: the pathways of metabolism and reactions of the amino acids,
phospholipid bases and one-carbon compoundse Gratifying
progress is being made which is werth mentioning briefly
heres An enzyme system has been obtained which syntheslzes
serineg from glycine and formaldehyde. Coenzyme requirements
of this enzyme system are tetrahydrofolic acid and pyridoxal
phosphate. In the study of the metabolic degradation of
the essential amino acid threonine, one enzyme, threonine
dehydrass, which converts this amino acld to a-ketobutyric
acid has been crystallized. Another one, threonine
aldolase, which splits threonine to acetaldehyde and glycine,
has been considerably purified and its properties studied,
Progress is being made in developing the step-by-step
pathways of the metabolism of valine, the leucines, a-
aminobutyric acid, methionlne, histidine, etce Significant
results are also being developed in clarifying the metabolis
cycle af transformation of serine to glycine to ethanolamine

to choline and back to glycine,

<
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| , SYNTHESIS OF COMPOUNDS FOR METABOLIC AND THERAPEUTIC STUDIES

'Th§ importance of our Laboratory for the synthesis of

compouniis for the metabolism and chemotherapy studies cannot

Ti:. Bancroft Litrorv for

5be‘overemphasized. Compounds of potential interest are

in

- . constantly being preparede Many, of course, ars lsotople

Al
[lede}

Hell

- compounds commonly containing clh or 835. Mention of

these cqmpounds appear in the list of publications

-
8
[
=

I I given below,
§TEl4c:3
Publications:

Gal, E. M,, and Greenberg, De Ms Non Specific Reverssl
by Vitamins of Inhibitlon of Ethanol Oxidatlion by Antabuse
(tetraethylthiuramidisulfide) in the Rat. Procs Soce
Exp. Biol., Med., 85:252-5k4, 195k

Greenberg, De M., and Sassenrath, E. Ne. Non Converslon
of Arabinose and Ribose to Glycinee. Bilochim., et Blophys.
Acta, 15:150, 1954,

Hendler, R, W,, and Greenberg, Ds Ms On the
Significance of y-Glutamyl Transpeptidation in Peptide
Blosynthesiss Bilochem. Je, 57:641~43, 1954

Kinnory, D Se; Takeda, Y.; and Greenberg, D. Mo
Chromatogrephy of Cerboxylic Acids on a Silica Gel Column
with a Benzene-Ether Solvent Systems J. Biol. Chem,,

(in press).

Kinnory, D« S.; Takeda, Y,; and Greenberg, D. M.

Isotope Studles on the Metabollsm of Valine, J. Blol,

l1bugug
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Purified Copper Protein from Horse Livers

(1n press).

: Lin, S. Ce, and Greenberg, De Me
. ‘of Threonina by Threonine Aldolase.

38:181=96, 195L.
Méhamed, Me Se, and Greenberg, Ds Ms

’ - 2_ h33'391 19514-0

: é,;a gohamed M. S, and Greenberg, D. Me

7
Greenberg

Enzymatic Breakdown
Jo Gen. Physiol,,

Isolation of
Je Gen, Physiol,.,

Note on New

Procedure for Isolatlng Ferritin from Horse Liver.

Jo Gen. Physiolo, 37:440-LU3, 1954

Morrison, D. Ce Characterization of c-keto Aclds

J. Am, Chem. Soce, 76:4183, 195L.
Synthesis of Glycol, bis-(alkyl sulfites),

as Quinoxalinols,
Morrison, D. C.

Jo Am. Chem. Soc., 7633224, 19540

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

Independent Antagonism of Amino Acid Incorporation into

Protein,
Sassenrath, E. N., and Greenberg, D. M,

Relationshipse. I. Effects on Free Amino Acld

Concentrations of Certaln Tlasuese.

195k

I 1bbgug

Je Biol. Chem,, 210:837-50, 195L.

Tumor Host

Cancer Res,, L2563-69,
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.Regponsible Investigator: Morgan Harris

Unf%ersity Dopartment: Zoology

Finéncial Support 1954=-55: ACS & 4,89L4.00.

t

Title of Project: Studies in Cell Nutritions

% This investigation was initiated in October 1954, and

5 oy %ésfnot yet progressed to the point of ylelding definite

results. We are planning to study growth processes in
tissue culture by a new cell suspension technique and at

the present time are "retooling' the laboratory to permit

the use of this new procedure. Cell counts, determination
"of DNA (desoxyribonucleic acid) and other quantitative
criteria will be used to evaluate the role of protein and
nonprotein factors for the nutriticn of chick cells in vitros
As opportunity permits we plan also to study the variabllity
in cell populations, using strains established from single

cells as starting material,

Fublications:

Harris, Morgan. The Role of Bicarbonate for Outgrowth
of Chick Heart Fibroblasts in vitro. Je. Exp. Zool,,
125:85-98, 1954.

Herris, M., and Kutsky, R. J.. Synergism of Nucleo~
protein and Dialysate Growth Factors in Chick Embryo
Extract. Exp, Cell Res., 6:327-336, 1954.
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Uhivérsity Department: - Biochemistry
Financial Support 1954=55: UC $ 4,700.00; PHS $14,526.00,

aisin The
rlac

Title of Project: Quantitative Studies of Cell Growth and
Me§§£olism in Tissue Culture: Tissue Culture Studies of

gz

¢ ;Bu@a@ Tissue,

In the current year, most attention has been given to
conditions of culturing human tissue, partially because of
the relation to virus cultivation in cultures of human
tissues, and partially because of the cultural variations
between cancer and normal cells. All types of tissue
studied have been subjected to a routine series of
fractionation and analysis previously perfected to follow
the various lipid fractions that show great vériability
with type of tissue and culture conditions.

Greatest progress has been made in the knowledge of
nutritional requirements for various types of tissue, and
the effects of several kinds of medium constituents, For
the first time, it has been possible to culture normal
human tissues serially in an all liquid medium, 1.e.
without use of blood clot., This furnishes an almost ldeal
type of system for many kinds of study that could nof be
performed when the tissue was imbedded in blood clot. Tha

cells can be transferred in suspension, counted,

L1b4852
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—iﬁbculgted, freed of medium constituents for analytical

:purboaes, and used for a variety of purposes that previously

* were limited to cancerous cells alone, which have been

cultivated under similar conditions for soms time,
Comparstive studies of several cancer cell types with

the normal humen cells under comparable conditions, both

: @g;phb%fgically and chemically, have been yrosecuted and are

- §§}§g:é;ntinued.

in effort is underway to locate a nutritional constltuent
of embryo extract ultrafiltrate that is believed to be
present in impure vitamin Bl2 samples. Such samples were
highly effective in a synthetic medium additive, but
purified vitemin By samples did not have the same effect.
This difficult problem 1s not yet to a point at which

significant progress can be reported.

Publications:

Caillsau, Relda, and Kirk, Paul L. The Influence of
Various Culture Media on the Growth of Earle!s Strain L
Cells and Chick Heart Fibroblasts in vltro, J. Natl,
Cancer Inst., 15:295=303, 1954.

Sehaffer, F. L.; Grunbaum, B, W,.; and Kirk, Paul L.
The Composition of the Saponifiable Lipides of Cultufed

Tigsgus Cells. A Microfractlionation Study of Earle's

164853

Strain L. Arch. Biochem. Biophys., 50:188-198, 1954,
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Stewart, Donald C., and Kirk, Paul L. The Liqulid
% Hledium in Tissue Culture. Biols Rev., 29:119-153, 1954
Ziteer, Elsa M,; Callleau, Rel@a; and Kirk, Paul L.

2
@
]
=
>

P ;‘\ Serial Cultivation of Normal Human Embryonic Cells

= :‘ijDirectly on Glass. Science, 120:507-508, 195L.
wod Zitcer, Elsa M, and Kirk, Paul L. The Effect of

Serum Ultrafiltrate on Cultivated Mast Cells and

teferer.

E,ngrdﬁ%asts from Human Skin, Science, 119:99, 1954.
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Responsible Investlgator: Albert P. Krueger, M., D,

University Department: Bacterlology
Financial Support 1954-55: UC $§ 2,395.00; ONR $17,125.%6.

Title of Project: Studies of Fundamental Virus-Host Cell

Relationshipse

B i,ﬁntil recently only two mechanisms for altering a
host-virus equilibrium were generally recognized, On the
part of a mammalisn host this alteration could be achleved
by change in the immunological status of the individuel,
On the part of the virus it was caused solely by the
selection of spontaneous mutants., There has been general
acceptance of the principle that the host has no influence
on the properties of the virus whose growth it supports.

Some three years ago we reported the discdvery of an
unusual case of host control over viral properties. In this
instance passage through a new host resulted in a non=-
inheritable ability of the viral particles to reproduce in
some hosts but not in others. Thls subject of host-
controlled variation is currently our major research
project, Our work has been concerned with the following
aspect of the phenomenon:

The properties of the host controllable phage.
The mechanism of the control effected by certain

starhylocoscal cellss
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The behaviour of altered virus

g

formerly susceptible host,

Extension of the phenomenon ta other staphylococcal

oty in T,

< strains.
The altered virus was found to adsorb on the original

host cells but only a small percentage of the viral

partieles groduced cellular dissolution, The altered virus

Cﬂ,mr o

was produced in the first burst of singly infected host

cells regsrdless of the previous host. Judging from the

data presented in Reference 1 below the observed changes

appear to be caused by host gontrol over the formation of

virsl materials necessary for a successful infection of the

original host,

Publications:
The Isolation of a

Ralston,D. J.,, and Krueger, A, P.

Staphylococcal Phage Variant Susceptible to an Unusual Host

Controle Je Gen. Physiol., 37:685-716, 195L.
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2 Responsible Investigators: STAFF CF DONNER LABORATORY AND
77 DIyTSION OF MEDICAL PHYSICS AND BTOPFYSICS |
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Jorm H, Lawrence, John W. Gofman, Haréin B. Jones,
Cb:nelius A, Toblas, James L. Born, Nathanlel I, Berlin,
Paﬁl J» Elmlinger, Ernest L. Dobson, Lola S, Kelly,
Roman Xutsky, N. K. Freemen, Ann C. Birgs, Rcobert
Mortimer, Hal O. &nger, Thcmas L., Heyes, John E.

= ¥ Bewitt, Carl A, Beam, R. Lowry Dobson, and James E.

Robertsa

University Depertment: Division of Medical Physics

and Bilophysics and Donner Laboratory

Financial Support 195L=55:  UC $50,000.,00; PHS $15,832.00;

Libuds

ARC $36,000.00, (Cyclotron time,
pile use, etc.S:

Various Donors § 475.00.
FUNDAMENTAL CANCER RESEARCH .

This report reflects the varled aepproaches to the
problem of the fundemental nature of cancer and therapy
of malignant disease carried out in the Donner Laboratorye.
These studies have ranged from a study of the blological
effectiveness of irradiation in yeast through studies on
various growth promotion factors, the rate of synthesis and
turnover of nuclelc acids to investigations of metabolic
alterations in human cancer and the introduction of a new method
for the treatment of carcinome of the breast in women by
radlation of the pitultary with 340 mev. protons. 4

deseription of the work carried out in the various projects

follows:
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PROJECTS
- Studles of Nucleoprotein Metabollsm
Blood Mixing Rates in Leukemia with Splenomegély

Studies on Blood Volume, Iron Metabollsm, and Red

[T ] PR VN LY L.
AVC RN | IR o TINTIIVE
hd - T e

a's in The Bancrolt Lit

_ Cell Life in Malignancy

" L. TUse of Various Experimental Techniques for
’ Evaluating Red Cell Life Span
~f_5.~:stugies on Erythropoetic Hormone

I SR

6o Studies of Body Composition

7+ Radiation Protection
8. The Problem of Leukemia in Polycythemia Vera
##% 9, Radlation Studies Utilizing High Energy Protons
and Deuterons
#% 10, Diagnostic Techniques for Detection of Radicactive
Isotopes in the Human Body '
1l. Biophysics of Growth and of Radiation Effects
12, A Biophysical Study of Factors Determining Survival
of Cancer Populations

13.. Lipoprotein Studies of Fat Metabolism in Cancer

4+ These studies have been supported either in part or
entirely by the Atomic Energy Commissicne The particular
types of instrumentation and research facilities necessitate
directly the use of cyclotrons, piles, and related ancillary
facilities. -They are reported here in that they bear upon
the full cancer research program of the Donner Laboratory of

the University of California.
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'l. Studies of Nucleoprotein Metabollam,

Studies on the rate of formation of desoxypentoss

Tries 130

nuclelc acid (DNA) have continued under various metabolic

in

conditions in an effort to learn more about the factors

Gty

controlling the rate of cell division, It 13 now well
estéblished that DNA pracursors, such as the phosphate

nicd fr-

(cﬁniaining P32) are incorporated into DNA only when a

[

cell 1s increasing its content of DNA in preparation for

G
(

division, Hence the incorporation of P32 into DNA is a
good index of the overall rate of cell division,

An extensive series of measurements on the inhibition
of DNA synthesis after irradiation of normal tissues,
regenerating liver, and two tumors has been completed in
the past year. The tentative conclusion has been reached
that a major portion of the inhibition in DNA formation
i3 dus to death of cells shortly after irradiation rather
than to a specific inhibltion of INA synthesis. Death
of cells within a few hours after irradiation is a
particularly prominent phenomenon in lymphold tissues
and probably accounts for the drastic inhiblition of DNA
synthesis in lymphosarcomas as compared to the moderate
inhibition in mammary carcinqmas. However, in order to
confirm this hypothesls, radioautographic experiments are
planned in which it will be possible to analyze events

occurring in individual cellss

11648519
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The rate of DNA formation 1s being measured in various
115 tissues of hypophysectomized rats to determine the influence

Zof pitultary hormones or their absence on the rate of cell

cetsin

division, Preliminarj results indicate that DNA formation
18 markedly reduced in sll organs of Nypophysectomized rats
v ;wighrthe_éoseible exception of intestine. Experiments are
E ;plﬁnnédzté test various hormone supplements in these rats
for thelr ability to restore DNA formation and to compare
the effects of hypophysectomy on normal tissues and
transplanted tumors. It is hoped that soms knowledgze of
endocrine influences will help explain the previously
observed disturbancec in DNA formation which occur in
tumor-bearirg animals.

The average cell 1life is being estimated in various
tissues of normal and tumor-bearing mice in an effort to
learn more about the influence of transplanted tumors on

the metabolism of the host animal. This is done by

measuring the amount of P32 incorporated into DNA at many
timse intervals after injection, Since the tracer remains

in DNA until the death of the cell, an estimate of cell
1ife can be obtained from the rate of disappearance of
P32 from the DNA of a glven tissue.

Studies of a chick embryo nucleoprotein fraction
which stimulates growth in tissue culture have been carried

out in the following manner.

| 1b480o0
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g The chick embryo tissues and organs were separated by
disgection and a nucleoprotein fraction (NPF) isolated from
each tissue by precipitation with streptomycin., The NPF's
are then tested for growth activity in a chick embryo
heart tissue culture. These studies show that spine,

cartilage and carcass NPF are more active than whole embryo

' HP?;? Cartilage appears to be the most potent source of

‘Ehis>nucleoprotein fraction. Ultraviolet analysis shows

that these tissue NPF fractions contain from 2-1/2 to 10%
nuclelc acid, Further study of each tlssue NPF by
electrophoretic snalysis revealed from 2 to L components.
On the basis of electrophoretic mobility of the tissue
NPF'!'s there appesars to be some differentiation of the more
active NPF!'s, Ultraviolet analysis of electrophoretic
subfractions of tissue NPF's indicates an increased
mobility with increased nucleic acld content, the
constituent nucleoproteins ranging from 1.5 to 80% nucleic
acid, Assay of whole embryo NPF with the chick embryo
heart culture technique shows that the active principle in
this material is probably of intermediate mobllity, but

is not clearly defined electrophoretically and is probably
vresent in very low concentrations. It is anticipated
that in the near future human cancer tissue will be
studied in the same manner--that 1s, after isolation with

streptomycin. The nucleoprotein fractions will be studied

11 bu00ol
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E,‘ for gfowth promoting activity and will be characterized as

i

well és possible by known physical-chemical means, .

2, Blood Mizing Rates in Leukemia with Splenomegaly.

When tagged red cells or labeled plasma proteins are

injected intravenously and their mixing curves obtained by

' ,recpgding frequent timed samples in the post injection

Qpé;i;d, marked differences in the mixing behavior of the
red cells as compared to the plasma proteins can be
observed in certain patients with splenomegaly. Labeled
red cells and labeled plasma proteins mix very rapidly,
90% in sbout 2 minutes, in normal individuals. Gross
prolongation of the red cell mixing time has been observed
in some, but not all patients with spleromegaly.
Occasionally about 50% of the red cell population has been
observed to mix with a helf time of 10 minutes. This
component has been completely eliminated by surgical
removal of the spleen and greatly reduced by the
administration of epinephrine which causes marked contraction
of the spleen, thus reduclng its size and ths quantity of

"gequestered" red cells.

3. Studies on Blood Volums, Iron Metabolism, and Red Cell

Life in Malignancy.

Measurement of the blood volume in 66 patients with

11bu8bl
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advénced cancer shows that in only 32% is there an anemia

by blood volume standards. However, the criterion used for

theipresence of anemla 18 cc's of blood per kilogram of
body weight. In this connection it should be mentioned
that the use of this criterion is under investigation,

(See section on Studies of Body Composition.) These

) pafients have also been analyzed with respect to the

o irésence of c¢linically observable bleeding, infection, or

cachexia, Either bleeding, infection, or cachexia was
present in 67% of the patients who were anemic while
present only in L42% of the non-anemic patients, Further
enalysis shows that it is not possible to delinesate
specifically the role of infection, bleeding, or cachexia
as a cause of anemila in cancer, because of the relatively
similar Incidence of these complications in both the
anemlc and non-snemic patients. However, the higher
incidence of any one of these complications in the anemic
patients would tend to indicate that they are significant
factors in the pathogenesis of the anemia of cancer, but
it is a matter of degree., Mild bleedlng, infection, or
mild weight loes 1s probably less significant than
repeated large hemorrhages, massive infectlon, or

extensive weight loss,

Studies of iron metabolism in eight patients with

malignancy show that in all patients the iron turnover for

| 1b48b3
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g“ " red cell formation 1is adequate to maintain the observed
o 3 .. total red cell volume. In 7 of these 8 patients the iron
f-?* turnover for red cell formation was normel or increased,
é 2 and in one it was decreaseds In the one patient in which

it was decreased the total red cell volume was also

decrégsed. This patient was also studied with radioactive

%= gég}yggie and a normal red cell life span obtained., The
implications of these studles of iron metabolism are that
a failure to produce a normal number of red cells 1s not

a significant factor in the production of the anemia of

malignancy. One inference from the iron studies 1s that

the red cell life span may be shortened in cancer,
However, in the one patient wi th carcinoma of the breast

and three with lymphosarcoma that have been studied, all

have had normal red cell life spans. This does not mean

that a shortening of the red cell life span may not be a

significant cause of anemla in cancer, However, no patient

has yet been studled who was anemic by blood volume
standards and has an increased iron turnover so that we
cannot et the present time clearly define the mechanism

for the development of anemia in cancer.

of Various Experimental Techniques for Evaluating

e Use
Red Cell Life Spen.

The life span of red cells may be measured in the

IibuBbt
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? = A ‘Tﬁe Ashby Differentiasl Agglutination Technique,

€ i

@ B, The use of Nitrogen=15 or Carbon-ll labeled glycineo

Co 5ﬁpng-term rfollow=-up of the uptake of Fe59 in the

P
<

1ﬁ§d blood cells. An inference may also be drawn as

> 2 =

= =

2. to the life span of the red blood cell from the
= ;_%ate of formation of red cells; however, this
§-:§ i . = Z pequires a constant total red cell volume which
OEZTEAREL 3

b
zs difficult to postulate In most cases,
C. The use of Chromium-S1 labdeled red cells.
Simultaneous determination in 13 individuals of the
life span of the red cell with the Ashby Technique, the
Carbon-1lly technique, and radio-iron technique shows that
when the red cell life span 1is normal alil three methods
However, when the red cell life span-is shortened,

This arises from the

agreeo.
these three methods may not agree,
fact that in the Ashby Technique normal cells are transfused

into a diseased individual. If the red cell destructive

Processes are accelerated as a result of extra-corpuscular
factors, the destructive process of these transfused cells
will then be comparable to that of the individual's own

tellas, However, if the individual is producing defective

cells resulting in a shortening of the life span, the

Ashby Technique will fail to show this. The evidence from

these simultaneous studies would indicate that such &8

I1bY5L3
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g = : Studies are now underway with a view toward measurement

n

of the:1life span of the red c¢ell with crSl. The patientt's

ovn red blood cells may be labeled in vitro with ¢r51 ana

NSs i ihe

é then réinjectad. Unfortunately, there is a slow elution of
- chromiﬁm from the red cells so that the red cell 1life span
§ . as gegsured by thls technique is not the actual red cell
E é:jg ;gfg gpan. Daeta are now being accumulated on normals and

pathological states, The most importent problem is to

determine whether the rate of eslution of chromium from the
red cell in pathology is the same as in the normal, Since
this procedure 1s easier technically than the other methods,
if 1t can be proven to be satisfactory this will bve a
slgnificant edvence in the study of the life span of the
red blood cell. Although the actual red cell life span
will not be obtained, a figure will be obtained which is

directly related to the actual red cell life span,

Se Studies on Erythropoetic Hormone.,
Studies carried out in ccllasboration with the Institute

of Experimental Biology over the past several years have
shown that following hypophysectomy in the rat the blood
volume decreases such that at 100 days following
hypophysectomy the total red cell volume is reduced
epproximately 458, Studies on the removal of other

T
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endocéine organs show that this anemia is primarily a
result of the hypophysectomy. Efforts have been made to

(SN 1T T T I

“he

extrgét a substance from the pitultary gland, which will
ol repair this anemia. These extracts have been partially
purified. Doses as low as 15 micrograms of this material

will:correct this anemias. At the present time studles are

’.f ;gngggway to purify further this material and to remove all
r-*LLL.gégé%ning traces of ACTH ectivity. At present this material
1s assayed by determining the changes 1in the total red cell
volume of animals receiving this extrasct. The utilization
of plasma ilron turnover as measured with radio-iron in
hyphysectomized rats injected with this material is being
explored as another assay method., It 1s hoped that this
method will permit a more rapid assay.

Finally, studies of the plasma of patients with
polycythemia vers have turned up an erythropoetic stimulating

factor not present in normal blood. These studies are being

axtended,

6, Studies of Body Composition.

Depot fat and lean tissue mass in humans are not readily
accessible to direct measurement, In the past these have
been estimated from the total body water of the mean body
density. However, the relationships between fat and water

or density presume a fixed percentags of water in lean

bibbat
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tissue, and consequently, may be invalid in pathologic

-states, Studies in this laboratory indicate the depot fat

and lqﬁn tissue mass may be measured in pathological states

in Tha Bancrof Li

by simﬁltaneous measurement of both body water and mean

body density. Tritium labeled water has been used for the

determination of body water in normal and in disease states.

Recently a new method for measuring mean body denslty has

limitations of the older body immersion technique. This 1s
a gas dilution technique providing a direct measure of body
volume. The subject 1s piaced at atmospheric pressure in

a rigid closed chamber into which an accurately determined
quantity of helium is injecteds Following complete mixing,
the hellum concentration which 1s proportional to the tissue
volume of the subject is determined by the change in the
thermal conductivity of the chamber gases as measured by

a hot wire "heatstone bridge. Studies in 200 patients
including patients with various neoplastic diseases and
normal subjects, the latter ranging in age from 21 to 85,
have been completed. Sufficlent deta now are at hand to

establish the natursl variations in body composition as &

function of age, sex, and body type. Additional studies

are in progress on changes in body composition in

malignancy.
In this laboratory the presently used index for

| 1bLCud
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gf:i comparison of blood volume 1s cc/kilogram of body weight,

:aneroft Litran

5."However, it has been found that in the extremes of body
weight this may not be a satisfactory index. Particularly

is this true in patients with malignancy or those who have

matis in The 8

lost weight. In the past in such patients we have tended

in

to use the blood volume in terms of cc!s per kilogram of

HaaN

actuél body welght, recognizing that there is some

»eo§t§oversy as to whether this is the best index, Certainly

Copyed o

e

if used in this menner this gives some idea of the blood
volume avallable to the tissue mass to which blood must flow
and to which nutrients must be carried and catabolic products
removeds In general, adipose tlssue 1s of & low degres of
vascularity and because the adiposse tlasue varies
considerably in quentity in normals, it is found that the
renge of the normal blood volume in terms of-cc's per
kilogram of body weight is large, However, 1t 1s now
evident that the range of normal blood volume in terms of
cels per kilogram of lean tissue is small. By measuring

the blood volume and by measuring body water and body volumeg
in patients with malignancy, we will then be in a better
position to determine the presence or absence of anemia in
terms of blood available to the lean tissue mass, This
procedure should prove useful as an ald in determining the

presence of anemia 1n these cases,
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- T Radiation Protection,

bbservations including hematological studies are being
carried out on persons exposed frequently over a long period
of time in the course of their occupations to small but
possibly significant levels of ionizing radiastion within the
accepted “"tolerance" ranges Special attention haa besn

paid?to cytologlcal differences in the blood of the exposed

z 7

studies confirm Ingrem's earller observation that low level

exposure is correlated with an increase in the number of
circulating double-nucleated and bi-lobed lymphocytes,
Detalled studies on a few individuals covering the period
before exposure and the period after exposure have been

made. An increase in double-nucleated lymphocytes has been
demonstrated. The exact time relationship between significent
doses of radiation and the transient appearance of these

sbnormal cells in the peripheral blood is being further

explored,

8. The Problem of Leukemis in Polycvthemia Vera.

In recent years there has arisen some discussion as to
the possibility that the use of P32 in the treatment of
polycythemia vera may induce leukemiea. The evidencs for
this conaists largely in the observation of certain groups

of workers of the development of acute leukemia in a small

L ibLdad
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Actually, the problem is one of the

“natural history of the disease, Unfortunately, there are

V no statistics available on the life expectancy and the

causes of death in any large series of patients who have

not been treated with irradiation. However, there ars

‘1sola$ed observations of the development of acute lsukemia

—1n p&tients wlth polycythemia vera who have not recelved

any form of irradiation therapy. Long-term follow-ups

have shown that in patients who have lived 15 years after
onset, B0% die with a plecture like that of myelogenous

leukemia, and that of those who live 10 years, 62% die

with leukemia. In the patients treated in this laboratory
only 42% of those who have survived more than 10 years and

who have died, die with leukemia, This lower figure 1is not

thought to be statistically significant,
In an effort to determine if it 1s possible to predict

whether a given patient will develop leukemla, a statistical

analysis has been made of the white cell count, the
differentlal count and the presence or absence of splenomegaly

in the patients who do develop leukemia as compared to those

This study shows that the incidence of leukemia

who have not.
These are those patients

18 higher in certain patients.
who prior to any therapy have a markedly elevated white

count and who show immature cells in the peripheral blood.

There 1is no correlation between the presence or absence of

LibG3 il
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'splen$mégaly and the development of leukemia.

induced by x-irradiation treatment or with p32

incidance of vascular complications make p32 the most

Lon

[

‘aati§factory form of therapy in polycythemia vera.
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These'studies,

of course, do not prove or disprove that leukemia can be

However,

with the remarkable prolongation of life in this disease,
1l years average survival when treated with P32 as compared

to 7 years in other series and the marked reduction in the

It is

also our bellef that we have not increased the incidence of
leukemia in polycythemia veras as a result of p32 therapy.
The evidence cited makes it probable that the development

of leukemia 1s a part of the natural history of the disease.

Radietion Studies Utilizing High Energy Protons and

Se
Deuteronse.
I, INTRODUCTION
Some of the penetrating radiations produced by the
Berkeley 18l inch cyclotron, chilefly 190 Mev deuterons

and 340 Mev protons, have now been investigated over a

perliod of about five years in physical and bilological

It has become

studies. (See previous progress reports).

increasingly evident that the physical propertles of these

radiations give somewhat unique advantages in several fields

of blological research. In particular we wish to review

briefly some applications in endoecrinology, neurorphysiology,

| 1begil
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‘and tumor therapy.
II, PHYSICAL PROPERTIES OF HIGH ENERGY PROTONS

g AND DEUTERONS AND TECHNIQUES OF IRRADIATION
The use of these types of irradiation ellows a high
dqse to be delivered to small, well defined volumes of
tissue (located within the body), whereas the surrounding

;gidhintervening tissues receive much smaller doses, This

'(er

localized destruction of tissue may be accomplished in one

of the following ways:
A+ The monoenergetic particles are allowed to stop
in the region to be irradlated. The particles thus csause

3 to 6 times as much ionizatlon near the end of their

range as compared to the point of entry.
B, A collimated beam of particles is dellivered through
the volume to be irradiested, and then the body of the

animal is rotated such that the volume element to be
irradiasted is at the center of rotation and hence remains
essentially stationary. By using several planes of
rotation the dose to intervening tissues 1s distributed

over a solid angle, which materially reduces the dose
outside the central volume., During the current year
development was concentrated on the latter technique.

Most of the present work concerns the application of

the high energy particles to pituitary irradiations in
Becauss of the vital and important

larger animals and man,

BELERE
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= § ¢ © structures surrounding this gland, en anatomical and
S & :
§ 5f§ rhysical scheme which would allow precise allignment of the
2 ?" rotational center and also high precision in the entire
= rotational spparatus and procedure was developed.

With this technigue radiation dose to tissues outslde

v Conjes

the volume belng specifically irrediated decreases very

1

gidly as a function of distance from the volume
Moreover, the symmetry of dose

onied from ay: nely
NG

retfereg.
U"‘Hr it

S -8 fgirically irradiated.,
distribution attained 1s such that doses to the surrounding

C

structures and reglons can be rather accurately predicted.

I1I. PRESENT FACILITIES (NEW HUMAN PROTON IRRADIATION FACILITY)

During the current year & new irradlation room was

constructed to extend the utility of the 18k inech eyclotron

for purposes of human pitultary irradiation.
IV, STUDIES OF PITUITARY IRRADIATION IN ANIMALS

Ao Ratse
During the past three years a detailed study has been

carried out on the effects of pituitary irrsadiation in

Members of the Institute of Experimental

young rats,
Characteristic

Biology have collaborated in this work.
evidences of hypophysectomy appeared at doses as low as
3,000 Rad units (1 rad = 100 ergs/gm tissue) although a

progressively higher dose was, in general, found to shorten

the time at which hypophysectomy effects were evident,

A lower Incidence of spontaneous tumors was observed

ERLEEE
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§ ﬁfﬁﬁi%jiﬁe$irradiated'rats than in the normal controls. This
= 3L \_ f’ a2
¢ 35 ‘work?was done in collaboration with Dr. M. Simpson.
LE “Q Dogse

Studies now 1n>progress have been chiefly under-

© Beikeiey

]

i Steien on (young adult) pure-bred Beagle dogs, in which the
. f&ﬁ;t;ﬁécal relations of the pituitary to the skull have

‘;'bbdhgfﬁund to be relatively constant. Two forms of
e

& ‘“rofaional techniques have been used and several dose
~ O =353

levels delivered to the pitultary.

Canied frory or'ginets in Tn

v

In general, it has been found that to depress or
destroy the functional integrity of either the pitultary
gland or the cranial nerves--both dose and time following
irradiation are critical factors. 18,800 Rad delivered to
the pituitary results in depression of function in one to
two months; while cranial nerves 3, L, and 6 cedsed to
function with smaller doses (11,000 to 13,200 Rad) in the
same interval of time after irradiation, Thls dosage ratio,

pitultary: cranial nerves 3, 4, and 6, is much less in
man, of the order of 5:1, because of anatomical differences.

_ Most animsal studies of this type have used single
large doses. In view of the fact that clinicel irradiation
therapy utilizes fractionated dose methods, a program has
been instituted to study the effects of fractionation of
the dose on pitultary and brain, This program 1s in

collaboration with Dr, B. Low=Beer.
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§5§§§§§§ Initlal studies have been instituted on young animals
f gﬁé,éggfig S,uoo Rade using rotational therspy. Several more
§_§27§y§ér§‘§ 111 be requireéd to obtein the complete data in this

g ﬁ..% f;‘;fi nt, but marked retardation of growth has been
§‘§Q;§Qb§ﬁ:§ d ten months post~irradiatlon,

i g *.:E S V. PITUITARY IRRADIATION AS A POSSIBLE

§§§ EE§§§ THERAPEUTIC MEASURE IN CANCER

Beginning in September 1954 a limited program was

started on the therapy of breast cancer, using the 340 mev

proton beam from the 184 inch cyclotron. The patients

selected have had every other known form of therapy, and

all have tumors responsive, in the past, to hormonal

therapye
The rationale for this type of therapy is that the

growth and secretory functions of certain carcinomas are
strongly influenced by hormonal substances, and removal of
certaln endocrine organs in man {especially testes, ovariles,
and adrenals) has been shown to result in a regression of

metastatic lesions and a definite remission. There are

many reasons to suspect that pituitary hormones may influence

certain malignant cells, and that hypophysectomy might result

in remission,
The therapeutic procedure consists, in brief, of rigidly

securing the head in the apparatus by means of a speclally

I 1bugib
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§r§ﬁ§5ed plastic cast made for each individual patient, and
%lgéégng the desired point within the sella turcica.to the
éeaé?é ch that this desired point is the center of rotation
Eoé%ﬁfe heed. The sccuracy of this alignment is held within
g#éé;% of approximately + 0,5 mm for each of the three axes
%f%é%éhogonal alignment. Diagnostic x-rays are utilized
§°§;:§15 procsdure, Rotation of the head is carried out

therapy so that as a net result the beam is

10

braly up
epr
rgng frp
velRity ¢

tributed through a solid angle (60° X 60°) with the

A

pltuitary at the vertex,

The patients are followed very closely clinically--
during and following therapye A large number of laboratory
studies are carried out at repeated intervals to assess the
influences of the procedure on the disease process and the
effects on the endocrine systems FProbably at least three
year follow-ups will be required for even a preliminary
evaluation of the results.

VI. STUDIES OF HYPOTHALAMIC PHYSIOLOGY IN RATS

During recent years studies from several laborestories
have indicated the importance of the hypothalamus on
anterior as well as posterior pitultary function, and also
hypothalamic influences on autonomic and other regulatory
mechanisms.

Preliminary studies utilizing very small deuteron

beams have indicated that this technigue has advantages

P1bugil
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Eq%gyét@%} of electrolytic lesions produced by means of

@ o

-££2-tE

ééiérédt&xicall jocated electrodes. One set of observations
£ 2 g g o= ¥

T o925 8

f§§§w§{§§y of mention here, namely that certain areas of the
ESoEs 2

§§y§é§h& amus appear to have a significant influence on the
ZEEen <

£ gdimai growth of rats. The mechanism of this growth effect
512§

K hﬁsn:%tg been elucidated,
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gg"lg.g Dfagnostic Techniques for Detection of Radiocactive

Isotopes in the Human Bodye.
Scintillation Crystal Scanner.
In the 1952 and 1953 reports a ten channel

scintillation crystal scanner particularly suitable for study

A,

of the distribution of gemma ray-emitting lsotopes administered

in tracer doses to the human body was described. With this

instrument a visual record of the distribution of radio-

active substances in the body 1s obtained.
The following studies are in progress:
l. Detection of thyroid carcinoma metastases with

1131,
2. Study of the fate of iodine labeled antibodies

in the body.
3, Distribution of radiovotassium (chiefly into

muscle masses).
L+ A study of liver and spleen size using a radio-

gold colloid, which is deposited in the reticulo~-

[ 1bu818
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05053

% % gapgsfactory instrument for carrying out these studies,
ccpn® .

52)§.§.§B- Gamma Ray Pinhole Ceamera and Image Amplifier.

o L0 g

- - o 2 .

BEiiz The system described in the report for 1953, for

29 ¢czO

z Eé&ié@t visuallzation of a gemma ray source, has now been

& =agz

é §€h§r§ughly investigated. The present system has an

intrinsic image amplification of some 600 fold; however, 1t

is still not sensitive enough for medical tracer work,

Further progress awalts development of a better image

amplifier tube.

ll. Biophysies of Growth and of Radlation Effects.

A study has been conducted for the past three years

on the general mechanisms of cell division and its inhibiltion

by penetrating radiations. Yeast cells are used excluaivelys

Evidence has been accumulating to show that the inhibition
of cell division is mostly due to recessive lethals and in

addition a certain percentage of dominant lethals are

present. It was shown that cell division inhibition depends

on the mitotic state; budding cells are about 10 times more

resistant than resting cells, General relationships are

being sought between the deterministic role of the genes
and the wide morphological varlations encountered in given

strains of microorganisms, A study wes made of the
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uation of cell division time in diploid yeasts 1s
6% over a few degrees temperature range, When the
are irradiated, cell division is delayed and its time

tions also increase. The delay occurs at lower

other fibraries ¢r inntil

mission. Fiease

b&xry up{m
tO repaetucl!

> than the inhibition of cell division, and is not very
dependent on ploidy.
Statistical fluctuations in cell division time increase

as the cell division delay increases. After irradiation

usually one normal cell division occurs, then the following

division is delayed; finally the cell division time returns

to normal in subsequent divisions. These events are

consistent with the idea that the mechanism of cell division
delay differs from cell division inhibition; the former may
be related to the inactivation of a number of essential
molecules; until these molecules are resyntheslzed by the
cell, the division cannot proceed.

Tracer experiments and other studies of the nature of
cell division are ususlly hanmpered by the generally
asynchronous state of cell division of growing colonies,
Yot the small statistical fluctuations in cell division
time, and the generally "periodic" nature of cell division
suggest that experimentally cell divislon might be

© e T
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een built to administer periodic changes of medium to
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ony of yeast cells.
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Zcomplete medium, two states may bde obtained: One with

0.1% of the cells budding; the other with about 70%
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vefmty of

11s in the budding state.

12, 5 Biophysical Study of Factors Determining Survivsal

of Cancer Populations.

A survey of the survival tendencles of large cancer
populations reported in the medical literature has been
begun. Several facts and conclusions can already be
pointed out.

A. All groups of cancer types present & uniform

tendency to die at a fixed rate. This is essentlally

independent of the asges of the cancer group or the duration
of the disease., The fixed rate of death is proportional
only to the numbers in a cancer population at any time;
this suggests possibly that the high death rate of
cancer is a random occurrence as far as any individual
member of a population 1s concerned and that the length
of life already spent with his cancer may not predispose

to any more rapid rate of death compared to a person who

has just acquired a similar type of cancer,
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Be Since the lethal tendency is probably a random

mu

end not related to duration of the disease, it is
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ithlated that the cause of death is same metabolic change
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as become likely because of the presence of cancer.
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gues for an intensive search into metabolic changes
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e cancer state as a means of preventing cancer
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Q}éﬁlity, since such a change may be the actual killer
and not the presence of the cancer itself, The above
argument, of course, i1s also answered by the random
destruction of a vital center by a metastases., Howsver,
this latter mechanism appears to explain only a fraction

of the deaths from cancer.

13, Lipoprotein Studies of Fat Metgbollsm in Cancer.,

That the metabolic aging of the body is increasing
at a logarithmic progression in the latter half of the
life span 1s shown from the raplid exponential increase in
the death rate as caused by various degenerative dlseases
that sre the end results of metabolic disturbances incurred
throughout life. Since each of the main killling diseases
of our population, heart disease, cancer, cerebral vasculare
renal disease as well as others are increasing at very
nearly if not the same rate of progression, it 1s concluded
that many inter-related factors of metabollsm provide bases

of relationship between physiologic vigor and the

562
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5 %é;iuéébgtibility to a given degenerative disease. It is
%éigﬁ%% predicted that any study which is a good general
E‘;~§€?§§§¢§ of the vigor of body metabollsm such as the lipoprotein
%;_E_E %n;etg r;u:i;xnem:s will be of some use in predicting early death
i s :é’% ay of the degenerative diseases and that while the
2 'ﬁ%érg ein studies ere chiefly of interest with reference
g ;.:>k§§;§iovascular disease, it is now possible that they
% % ]

Copied from originat

éniy;haﬁe general usefulness in relation to death from

cancer or other degenerative diseases. Thils concept will

be tested during the coming year dvuring which time the
large pool of "normal" individuals that have had their
metabolism rated by the llpoprotein studies, will be

searched for those that have subsequently developed
disease,
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Yeast Cells Grown in Aerobice and Anseroblc Environments.
Arch. Bioch. Binphys., 52:388-93, October 1954,

Birge, A« C. Laboratory Studies for Evaluating the
Biological Effects of Primary Cosmic Radiatlion. J. Aviat,
Med., 25:326-30, August 1954

Burns, V. W. Search for an Effect of Hydrostatic
Pressure on X~Ray Inactivation of Yeast. Arch. Blochem.
Biophys., {(in press), .

Contopoulos, A. N.; Simpson, M. E.; Van Dyke, D. C.;
Lawrence, J. He.; and Evans, H. M. A Comparison of the
Anemia Produced by Hypophysectomy, Adrenalectomy, and
Gonadectomy. Endocrinology, 55:509-15, October 1954.

Contopoulos, A, Ne.; Van Dyke, D, C.; Ellls, S.;
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Evidence for a Pituitary Erythropoietic Factor. Gazeta
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Lawrence; J. He; and Evans, H. M, Falilure of Newborn Rats
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g fftlegor Project: Enzyme Chemistry of Chromosomes,
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g N - 8n this project, a number of llnes of study are
< @ -

3 §f -pursued,

22 I

SIS 3. The structure of the chromosomes. One of the

questions erising from genetic theory 1s to what extent
is the chromosome & chemical continuum and to what
extent is 1t particulate? The approach to the problem

of how a structure is put together 1s to determine how

it can be taken apart. I have now shown that the

chromosome can be taken apart by treatments that do not
involve the splitting of primary organic bonds. It
appears that it is composed of desoxyribonucleoprotein
particles held together entirely by ionic forces and

especlally by bridges of Ca or Mg ions, This has some
interesting consequences for the theory of chromosome
breakage and radiation sensitivity, which are now

being tested.
2. Mitosis., Following our earlier successful

§solation of the mitotic apparatus of dividing cells
we have this year looked into the chemistry of its

formation, It now appears to be composed of a single
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8 tein or a group of very similar proteins, which we

& s

§ < :analyzed. Basically, it seems to be a gel in

]

§ x the protein molecules are linked together by sulfur

Its remarkable fibrous structure seems to depend

a2l e

e formation of bundles of these protein chains, the

@ﬁq@ being held together by some secondary bond. The
; s rzféion of antimitotic agents such as colchlicine seems
g ‘ég jt; %e an inhibition of the formation of these secondary
bonds.
3., Problems of nuclear function. Of the varlous

lines of attack on nuclear function that have been
followed this year, two have led to definite conclusions.
A study of the incorporation of a labelled amino acid
methionine-s35, into cells from which the nucleus has
been removed shows an immediate drop in inco;poration.
Therefore, the nucleus must directly control a certain

part, but not all, of the synthesis of proteins in the

cell (experiments on Amoeba)., A second study was dirscted

toward the question, does the nucleus continue to function

during the time when the cell 1s dividing? The answer

seems to be negative; at least with respect to the
utilization of phosphorus, the dividing cell operates

at the same depressed rate as does the cell from which

the nucleus has been removed.

See Publications (I & II) following next

Publications:

reporte.
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¥ r Y IT1819 of Project: Mechanism of Chromosome Duplication,
i 5T ITE T '
> : é £ 5This project 1s directed toward answering the
S£::853
S 57 = following questions, (1) When durlng the life cycle of
TESEE o EQ
ST E = 5
= EE?cell does the duplication of the genetlic material

take place, and what is its exact time course? (2)

Does the hereditary system duplicate in such a way that
the material of the parent chromosome 1is distributed
between the two daughter chromosomes, or is a
substantially new chromoscme formed?
Our attempts to answer these questions experimentally
are based on the technlque of high resolution sutoradiography:

the photographic registration of the sites of radiocactive

atoms within the cell, Dr. "alter S, Plaut, who is

supported in part by this grant, has been responsibls for
setting up the autoradiographic procedures.

A series of autoradiographic observations on the
Amoeba cell suggests that P32 1s incorporated into DNA,
the suspected hereditary substance, during the period

between divislons, especially during the twelfth to
eighteenth hour of the twenty four hour cycle. We have

established that Clu lsbelled adenine is readily
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ingofporated, and this, plus the quantitative method

=20

§§§€;§ned below, will now permit us to settle question 1

S

iﬁ’qﬁg‘easonable exactness,

c s ;fcﬁ&n our first attempt to answer question 2, the sperm

gL g

£6031p of Drosophila were labelled with P32 and permitted

5 §°§é; tilize an egg that was not labelled, However, we

= Q ~ <

S\iqund that it was not feasible to follow the labelled

“ cﬁrbmosomes, as we had hoped, bscause of their excsedingly

The development of a

small size and low P content,
quantltative technique makes it possible to carry out this

experiment on a type of cell with a larger chromosome
number, We are now using the plant Crepis with six
chromosomes that are fairly large, which looks as though

it will be sultable for exasct measurements of the
distribution of parental DNA between daughter nuclei,

A great drawback of autoradlography in the past has
in order to

been the lack of a quantitative method:
estimate the concentration of radiocactive atoms, it

is necessary to count the number of blackened silver
In collaboration with

grains in a microscoplic ares.
Dr. Plaut and Mr. G. W. Ellis, an optical "grain counter

has been developed which now permits us to measure the

autoradiographs quantitatively,
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Mazia, D. SH and Growthe Symposium on Glutathione.

Academic Press, 195k,
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195} (in press).
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July of thils year, progress may be reported, The alm of
the project 1s to compare the characterlstlcs of the
intrecellular constituents of a tissue under three
econditions: first, normel, adult tissue, where little
growth is occurring, i.e. normal rat liver; second, the
gsame tlssue undergoing rapid, but controlled growth, i.e.
regenerating rat liver; snd third, the same tissue
suffering deranged growth, 1.e, a butter yellow induced
hepatoma.

It has been possible to obtain hepatomas in Long;
Evans strain rats by feeding butter yellow, the dye
p-dimethylaminoazobenzene, in the diet for three months,
Cimilarly, the surgical technic has been perfected for
removing the bulk, about two thirds, of the liver from a
rat so that successful regeneration of the liver tissue
takes place. Thus, animals are now ayailable for making

the comparative studies on the llver as outlined above,
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