- ey
AT
A




-, az/-
ps b 7
o=l Tobie?

Behert Sordon U, ™ou ~ tart
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e rkulay, Te&lifrrris
Dear reclident [oroul:

There iz Larewi’: trscamisted *o you %hs second ennual
repcrt or the Tniterelty ¢ f Meliforale DroTRT X canoer resesrch.

Tha roport L: dused on progress reports submitted by
recipients of graste malde from the emnnual State of Caiifornis
appropriatioc Tor 2muncer reseerch and from the snlowed funde for
cancar remearch, Susoarins of progregs and res:lte of investige-
tion8 in cancer rocearch apperted by cther scurces ware alac
availabies {a -y inslaoces;

The repcrt has een read and ayproved by Dra. A. ¥,
Bellamy, acting ciairmau ¢ the Tancer Fssearch Ccordinating
Committes, . N. Gresaber:, atcirman of ths Zancer Feseerch
Cormittes, Northarn Cacti -, and R, S, Stone, chalrman of the
Cancer Board of the Taivereity of Califcrnie Medical School,
Sen Frenciscc. ~

Asspoectifully submitted,

e s NS
LWX'\ %{/].E(UJML I
Kichasl B, Shickin, M. I.
Secretary, Cancer kesearch
Cocrdimmting Comnittee
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100,530, 51
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17,145,84

$c1e, 053,20
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29,358,00

239,9¢%.00

NTTOT ¥ 1,08,021.20

./ Addendum .

2/ See first repcrt. h
&7 The Jeswish Foundatizs Demeticn for Zoclogy Researeh; ¥. H. Crocker
Trust Topatiorn; Ayere!, ¥c”erom and Harriscn; Californis Institute
for Cancer Reesarch, | edsrls labomtories Division of American
Cyspamid Compeny; oadsre of labanon Hoepital; and sd scellanscus gifts,
4/ addendum I1, iaglu of
Publis Health.
1/ Direct allecaticr
of Health, 7. 5.
£/ Addendum I11.
! Domper Toundation, 7o xefaller Pounstion, pnd Tnne T2ff4n Thilds
¥amorial Pund for Med' el Research.
£ Fot ineluding pledgs: 7 =13itional *unds, research fallowshipe
and tratneeships.
5/ Wedical ($28, 0700 oo Schoelz, fas “maacisec
‘a‘ £
wk ‘ we
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+1ts Lhe meoplectiz :l . 9 dnclude x-rers, Wtrevicle: 1izht, and

rrewsin entities £2214ns intc the biolcriz claze of vitusse. The
latter are {avelvad o toe evlcolowy of comarel merelisn tuders ag
m2ll ac sarccrisg 1t fev! littlia 12 Xoovrn regeniing the procsss by
wrizh tuses egents act urca tlceues to elter thez oot the normal te
thbe mecplastic. The uso of isctope-tagging technijue lLes allowad
aproroaches for stud’ing the fate af such coapounds ir the animal bocy.
1. ©Dr. Cescn of the Department «f Chamistry (I,2)1%/ has
besr nost sucosesful ia syptheslzings a punber ¢f carcirogenic hydro-
carbena with radionctiva 2. The biole-ical distrilution and
cgteboliam of such compewids in enimals cean b best studiad by the
use of recultant redicectively-tagced ccxpounds. An important
cantribution to thie funiementel Iield of the fale anl sffect of
cancer-producing chesicals in the erlizel organism hes besn meds by
Hoidelberger and Jones {Zancer, I: 252, 1948). This stuly concerned
the use of 1,2,5,6-dibenzanthracene labsled in the 9 and 10 positions.
A similar study ueing ZO-zmothylcholsothrene, which 18 several tlmes
more potant then dibenzarthracene, bas been carried outl at the
Division of ¥edical Physics (I,3}). I% hes been shown that the findinzs
are similar to those with dibenzanthraceps., D, Ceson is at present
eynthesizing 1',9-d4methyl-1,2-benzamthracens, ancther carcinogenic
hydrocarbon. ?This vrork allowa the use of an inestimmbly veluable

mtorial by warkers in biological sciences,

10/ Figures in parenthests refer to Addendum, aud item pusber within
the Addepdam. This form is used throughoat the report.
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2. Drs. Strait, Julien and DsOme (I,10), ino their study
of the effects of solvents on carcinogenesis with carcincpenic hydro-
cerdons, found that sesamine increases the carcinogacic activity of
3,4-benzpyrens.

3. Dr. DeTme and his asscclates have developed a substrein
of tnbred Strain A mice which has vory fow breest tumcrs. Thie strain
carries the milk factor and develops the pre-tuncrous lesions of the
breact, but fails tc develcp mammary carcinoma., DBy appropriate crosses
and foster-puroing experimems it has beer shown that the factor
suppreesing tumors {n this substrain 1s heroditaxy aoczd is independent
of tis previcusly known fectcors influencing bresct tumcor formation
in xce.

4, Dr. Bvane and his associates (I,1) are continuirng their
studies oo the relationship of growth hormene and othar pituitery
bormones and tuwor incidence in rata. They are finding that a higher
incidence and sppearance of tumcrs at an eerlier ags ocour ian rats
injected with growth bhormose,

S Dr. Bern {I,f) is studying ths content cf phcaphatase
in the male sax accesscry crgans of several animel species, There are
wide divergsnces in the cocurrence of alkaline phosphatase as found
by histcchemical techniques 1in different apecles. CEventually tumors
will be induced 1n these t:ssuse ¥ith carcinogemic hydrocarbens and
the changes in phosphatase during the developmernt of neoplastic process
w1l be observed.

6. Drs. Krichesxy acd Gelseman (I,30,b) are ocontimuing the

stody of the lipids of cencercus liver, It wes reported by nreviocus
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. werkars tuet 8 meikylcholemthreas-1iia fluorescent aubstance was

extracted frca such livers. This would be an igportant contribution

tc the possgibility that carcinagenic hycrocarbon~liks materials are
elaborated endogsncusly by the Lody. Sc far, howevsr, the rresent
ievestizatcre Lave Loan eble tc isclate only one compound, choleetanons,
from such livers., Fxtoensive chircmetographic fractionaticn led to the
ieclation cf saveral othsr fractions which are still mixtures and do
nct 7ield identificable ultra-violet epectma.

A ccorollary to tols study was the use of similar lipid
fractions for the productioa ¢l immune ssrum ir anirmls. Such i{mmune
serun hes been shown by Ir. Bellany's group (I,28) tc bo iteffsctive
agalnst a rat fibrosarccaam. Similsr preparaticias proviously were
olaimed to have had scas regrescives effecte upon the Brosn-Pearce
carcinomm in reabbits,

7. Dre. Rinehart and L., D. Greenberg (I,17,b) are
continuing their work cn the nutritional espects of canocer by studying
oingle vitamin deficlency states in monkeys., The investigations include
mtabolio end hematological determimations and detailed histopathoe
logical studies as well as bio-assays of tissuer, in animmls on
protracted deficiency of single vitamins., Initial studies have includsd
thiaain, folic acid anéd pyridoxine defiocienciss. Conourrent studies
are boing made on patlents with canocer, to include estination af blood
oconcentmation of vitamin A, carcteme, asoarbic acld, thiamin and

pyTidoxine as well as tissue assays for thiamin and pyridoxine.
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II. Haturs of the cancer coll.,

The key qussticr. in tancer ressarch, an ancwer Lo whick wouwld
rost lixcely preduce the reocasenry Slus to 1te ccoirel, is, "Ia what
ecsantial ways does a carcar cell differ from a norml cell?” Much
research nas sought to find a qualitative differecce, the presence
of o urnatural cherical io caccaer cells mhich psver occurs in normal
odlls, or tne absence of soms crazical 1o cancer that ie invariably a
compcacat ~f sormml cells. To date all such seerches have failed,
and it {8 probable that ths essential difference 18 much more subtle,
invelving quantitative alterations in growth retterns, differentia-
ticn and aetabolisa, It 1s obvicus that for a full uaderstanding
of how a cancer cell 4iffers frox a noriel oell it {c peocessery to
know the charactseristice and fuccticns of normal cells,

Bevearal mesthods are being particularly eaphaeized iz preeent
research on oellular physiology. One ie the study of metabolism by
use of isotope trascer compounds. Ancthar is thoe qualitative and
quantitative analyses of the cell by histochemical methods, A
great segment of research is concerned with the fractionization of
ths cell into its various camponants by ultracemtrifugal and other
physico-chemical msthods, and the amalysis of such compeoneats by
farther analytical techniues. Cytologic research of today may well
de likened to physics Just prior to the ags of nuclear fission.
¥ithin 'th. unit of Living mtter, the cell, are locked the secrets

) ] .
© of individual and race life, of which cancer represents but one
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1. PFcr the further understending of the facztcra involved
iz the altersifon of pormel cells {oto their nacplastic ccurtorparts,
cce of tre richer scurces ol inforzaticn 1s from woark on unicsllulay
¢rsuilans. Fesuwite on tale type of mterial furaieh clues for
eventual investigation on mammlian cells. Drs. Doudoroff and
Stenisr (I,5) are pursuing fundamertal studies on the growth,
adaptation and mntetiog in becteris. The metebolic elteratiams in
adeptive foraf of bacteria heve possible direct applicetion to cancer
since capcer cellis can also be ccnsidered as edapted tissue cells and
if they bshave at all 1like bacteria thel~ differext adaptation to
dirferezt subetrstes strengthens the liXelihcod of firding metabolic
agtascnists to thelr growth.

2. Dr. Greenberg and his acscciates (1,7) heve found in
the course of study of the mechanisam of protein syntheeis that cell-
free homogonates of mny tissues are capable of imcorporating labeled
amino acids {glycine, alenins) tato their tissue iotein by seans
of enzymatioally mediated reactions. The procsas 15 endergonic and
normally reQuirss ths pressnce of cxy>sn and an oxidizables compound
in the ingubation medina, Zvidence that the incorporated labelsd
amine acids are truly ean imtsgral part of the protein is of fered by
the observetion that they ars not set free upan partial hydrolysis with
proteclytio enzymes, but cnly upon complete hydrclysis of the protein,
Tha great interest of this work is that it opens up the possibility of
fsolating the individual enzymesa and cofactors oconcerned with tha

synthesis of proteins. T E
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It 18 quite striking that this increesed rate of inccrporation is

sxhidbited in vitrc by the cell-free homogenates of the anstclicelly
active tissues aa well as by the intact organiem. Frca the exteri-
meantal work 1t a3 bYeen cancluded that turcr growth is csusad
proponderately bty an acceleraticn of arabclic rsacticas rmthor than
by a reterdation in the metes of the catabolic reactiocne ¢ *re

arganism.

3. Dr. Allen {I,B) 1s continuing hisg studies on the
structure of ribooucleic aoid from ysast, and the products cbtained
from such nucleic acid after ridbopuclease moctivity. The structure
of ribonucleic acid from yeest is being compared to a sirdlar compound
from the pancreas. This work is essextial before its sxtension is
underteken tc different nucleic acidas from normal and neoplastic tissue.

4. Dr. M. S, Dunn (I,31) 1s studying the possidle diffsrences
and ooncentrations of warious amino ecids in porsml and tumor tissue
by microbiclogical aseay methods which he has developed. These methode
involve the use of specific bacteria which have the adbility to utilize

only spscifio amino scids, At present, microbiological assay for 13
asino acids have been completed on 8 typee of tumor tissue and their

mormal counterparts, and the data are deing summarized and correleted

v!.tlﬁonhntuo w-muumumw proteins
1h .
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in normel and tumor-bearing animals. The studies sc far bave badn
limited toc the so~called patursl or L-forms of amino ecids. The lack
of maalytical methods for determination of the D-forms of more than
a few of the amino acids has mle it pecsesmry to develcp adequate
tesils fcr the latter cbisctive. These fundamental egtudiss will go far
toward elicidating the quaiitative and quantitativse aspscts of the
econtent of amino acide in tuscr and normal tissue. If striking differ-
encas are elicitaed, possible ixplication of extancicn to the dsagncsie
and evan therapy of cancer would be wortky of exploration.

5. Drs. Eiler and McFwer (I,12) are investizating aercbic
pbosphorylation in noz-.:nl and maligoent tissues. The first problem
was tc determine conditiaps vhsrsby oxidation in tiesuss could de
confined to a single reaction. This led tc the finding that pento-
bardbitol effectively isolates the reasction wherein succinate {a
oxidized to fumarats, It is now possible to extend the work to the
oomparison of acrmal and tumor tissues. A finding incidectal $o ths
work suggeste the possidle effectivaness of succinate as an antidote
in bardbitol poisoning. This is a deponstretion of how discoveries
in cencer research may have significance in quite unrelated fialds
and emphasizes the reverse, that the most significant findings torards
cancer research may well occur in inmvestigations most tenuously
related tc the subject of cancer.

6. Drs. Sponsler and Bath (I,34) Are carrying out basie
investigat ions oo the physical structurel aspects of protoplasmic and

othsr cellular constituents, particularly the miclec-protein pertion

of the oytoplasm which consiste of particles having the dimension
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betrsen 56 and 200 £. Ia tais range of particles are tc be found
some of the most essen® iml portions of the cell, the enz mes and
goces, and 1s elso the rang2 for viruses end phrge2, The sepsraticn
15 purcrusd by cantrifucation mothcds and the perticles sre then studied
by Xeruy diffraction, pclarized ultra-viclet abscrrticn, flucrescecce
and electran microecopy. The eleetron micToBecpe studlies have
utilized particularly the nucleo-histone fibers and chromosomes from
the thymus and the nuclecprotarine fibers frox sardins spsra heads,
Ths dimensions, positicne of nucleic acid and the protein changes by
polarized ultre-viclet are alsc belng atudied.

7. Ir8. Biale and Geiseman (I,32) are explorinz the
aschanlam of electron travcafer by emzyre systers. This study
first has to be underteken on normel tissues before application
to tumor mmterial can be soundly started. It has boen decided to
use D-aminc acid oxidase as thair material. MNethods are being worked
out for the extrsotion and purification of bLoth the aposnzyme and the
ogonzyme,

8. Dr, Chaikoff (I,4] is dslipnsating the lodine compounds
ir thyroid tumors in ap attempt to determine whether any qualitative
or quantitative changes occwr in this group of ocompounds as the tissues
change from the normal to the melignant., The investigation i{s mde
feasible by development of suitable methods of separating minnote
amounts of thyroxine send di-iodctyroeine, partioularly with radicactive
lodine as an ancillary tool. Tumors are being produced expsrimentally
in animoals by wse of propylthicuracil and acoelsration of sarcinogenssis

is being attespted by eigmltanecus use of Z~-esinafluorens and 1131,
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The mtepolic sepects and twie lizid cozsceition of a .uinea pig
Sl;o0sarccne s8 corpered with pormel adipose tissue ar:z glzo deins

Ioiiovel, Theees stulles ere erplcratory izvssticaticns «ith the ain

of = !zit.nt yozsihle sipnilicent differences Y1t ZaL the behavicr
ol Tl o onoopiagtlc JEL2B

S, Or 2termer izl ris acscoiates (I,11) beve devisaed
ecisltive slzcirciiaters bt neesure elsectriz rotsrtiels of tissus.
Refore r-zlving Lols to tumcrs, electric potentisl studice have bsen
conc oo con oarotice chick ezbryee. It s pow weseible Lo record
tns w¢- petentials contiououdly for the erirs 21-72 day life-cyele
T a chicth sabryo. Ifotcntials develop nerrodly after the 10tk day
z! soriarally have a pcsitive pelarity, recchingz the exirens of 20

ST radllivolta between tis 14tk to 18tL cay. During tae differ-

I}
w

azti ticn pesiod of the 21iret B Zays there if nc potertial beycnd
4 3 millivolis. It has been observel thet tecperzture causes the
potential to mcve toward the positive pole.

10. A study (I,11) of formed elemente of the blood exposed
to ultrasonics frequencies cf 535,000 per second is in progxress at
the Leboratory of Experimertal Oncology. The number of the white
blood oells falls logarithmically with a range of 0.9 to 6.7 minutes
for destructicao of 50 percent of the cells, The lymphocytes are
iess resistant to ultrssczics vibrations thar pclymorphonuczlears.
Red cell destruction by the same msthod bas ebhown a half-life of the
red cells of approximetely 4 minutes, with a rangs froz 1 to 5.5

piputes. Preliminery studies on leukemie eells have shown thenm,
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Le7e been usel tc inducs aptitody formation in guinea pizs azi ino
rabbits, The Iipid frac-‘uns extrectsad by benzene and ether fren
sarecre metsrial tere capable of indusing only ncn-spesific rescticas
w.e1 testad by ir vitrc s-aphylaris. A more promieing fracticn fron
sarcora wes a protein obtained by 20 percent methanol precipitation,
it 4:id pot crcse rsact bt in vitro anapbylaxis with normal liver or
spisern fraciiocns. Furtler work ie befnz done with this fragticn o
sgtadliish 1ts antigezic specificity.

R|boits were alesc inmunized to fractions obtainad from
carcinoma of the cervix, as well as liver from the same patient.
Theae arirals were tlad and their seri were tasted by the precipitation
reaction with homologous and heterclogous antigens. Thers is scme
crossing between those twc tissuee in ths fracticns testsd. Precipitin
absorption sxperiments are under way t< secure the artitody speicific
for the tumor antigen.

Trensplantable mammary carcinomm tissue of mice has besn
fractionated intc various camponsnts and injectsd into rabbits to
elicit antibodies., Gemme globulin frastions were extrmcted from the

rabbdbit blcod. These globulins will be radio~iodated and injected i{nto

aice with sarmary tuacrs to observe whethsr any localization in the

tosor will oecnr.
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determining whather any g! wifirant 24€f

oxists between normel ard imcrT-bsaring

atudtad by Dr. Hardin luones
- M e -
sroup (T,20 with a2 view 42

arencee in mriadcllc patlways

animals. Arong the compounds

studisd are the followirs: Formate, carboxy-labelesd acetata, msthyl-

Jabelsd acstate, carboxy-1. "aled lycine

',~i;‘¢ ?

, methyl-labelsd glycine,
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irradiated animalc,

The metabeliam 7

in animals bearins necplarme.

methyl-labaled pyruvic =o' *

ceveral of the above compounlsc wss st idied

ard carboxy ladsled prepionic acll, otow

significant differencos “e*=esr normal arnd neoplasr-bearizg anial .

Por methyl-labeled pyruv!
oxidation of this sarber -

is lpcreased quantitative.y

w44 there are thres metebolic rates of

~erbern dicxide, The secszd rats sooccnadt

and alightly mlowed, whils the faster apd

slowsr mte ocmponents rewmain practically idenmtical with the corres-

ponding samponents {n normal

-

snimls, RNotably, the carboxy carbon of
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«nd laft besrt clroulaticco times. There lp direct, cunstant relatlious
sh!p hetweer moorisr mct /=7t Noart sirculstlop time, so hat witL

fneroaging prader of sacx! U decrsesing arterial oxygern satweatlca

*here 1z s shortsned Sl tire. 7y correcting fur body surface
area an jndex of arproximetely 3 1o 2.7 seccnds left heart time is
obtained for normal subjects. A prelimicary ismpression is that

patients with neoplastic I "nezes havs considerably loager oirculation
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8. Dr. Krichssky {1,30,a) is pursuing studiss on steroid
horzopes L4 relation tC cetoer. Thae estmogen and releted starcid
Bormenes are XnoOWn W oheve an Umporiarnt mole ip the cemesis of many
types =f tumore {n animls  Methoda for determinatinn of sxcretion
of eptroger and 17-kstcet=rid 1o animis have been developed, including
the alcrochianizal matho? weial will oea~ire estrogen in s ranes of 10
sicrograms cod less, It “4r Tasn found thet danage of the liver with
carbon tetrachlerids prt “es » mTkRd peak of estrocen axcret lor,

u} to 350 timee the norm:’ Jovel, ip sapproximately S0 daye, Despite

cont inuation of carbon te* ~chlzrides, however, the sstrogea sxcretion
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studiss have Yean ocarrisd ot n e total of B4 patisnte, »ith leuxezia

snd lymphoma, ard op 57 corm’ aubjests. The studies Lave included two
new tachniques developed i: the Divisicn of Medical Thyslcs {I,3): the
use of sleotrical resistacc~ msasurenents in the juantitative determina-
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