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DADN RTMIOY HMETRIM FOID FOR CANCIR RESEARCE

PROCRESS REFORT “°* SUPFORT Z2XOID SzCOWD TEAR

T™tlo of 'h‘ojec:t.: E’WEO.Z'_'_"'TTAL C'“":R DPIRS : 75 C -
The catacity of dirhaled incdustrial gust to oreduca  Amount $0,705,29
pulmonary cancor in expsrirmental ardcals. FRCY  Dezemoar
Hoze of Institution_ The Scranac Iab:-ratorv - 1953 to_ Yovezbar 0

1958
7 Church Street, Saranas Laks, YVcu To:k

Dates covered Uy report

Norme of Project Direcior G. W. . Schazers, M.D.,D.Sc. 12/28/53 to o/1%/54

’

Title of Project ‘arsctor Directer, Saranac Lab.

Tears of :upport for this
Frojecst_ Ocicuzr 3, 1930

1228 and Titles of ‘Technical and Prefessional t2 Neventer 30,1954

participants in projects: -
P. C. Pratt, K.D. Pathologist Total zrount of support .
E. J. Urban, l.S.E. Engincer froa DRR?__§23.293 .
. Roterts, H.E. Enginesr(replzeing Urban) . ~
D. Balley Patrographer ] .
A3. Dalebhant . Research Ascoclate

Russel Clark Anount roguested for next , ‘
Wallace Gay jeoar $26.510 3
tdvard Gockeler . \
Robert Lidey Techniclans .
1illes licody .

(replac.ng Je }Lu'coni) '
Jaced Jacobsan
Qliver Soula

SU'*"‘LAPY STATSAIRT OF PPOSRISS

"he stt.dy 13 still in Frozrscs. };'nmb‘r of rats vszain to b= szerie
ficed in accordance with the originel plan and the doiailed hisiologizal

8nd bdiockemizal aaclyses of a nuwber of tha znitals elready sacrificed are
yet to ba cozpleted. -

»

Prellminu-y obsenctions include tte felloving:

(a) Varlous types of neoplss=zis have bzen pro\'o xed {n rets _‘oy tka
inhaletion of 't;ery".liu::. pulrhate dust for con\.uuous poricds of

6 nmonths,

(b) Theso neoplesmata include papillszy ademoctreinoma, mucous
foraing edemocsrcinoza and squezsus cell carcincma,

()

As zony cancers resulted froa the current exposurs cchedule,
“lasting 6 =eaihz oaly, cs weve provoled efter contlimuous

oxpocury for 1, monihs in a provicus co=
oa rats,

zarzble exceriient
A )
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lins of the Projcct:

Daton Runyon Mezorisl FPund
Septeaber 25, 1954

The stctistical estudy of the growth chzracteristics of tronsplanted

lung concers. A systazstic exploratlon of the metabtollic nctivity of the
tumors eand the Tezction of the host thercto.

A definitive and brograssive investigation of ce-~ ond anti-carcino-

genic egents, -

Excansion of Freflitles:

Tos beryllium dusting phcse of the Inv e:tigstion will te conducted
by mcans of aaother reseerch grant, bat the dust chaabers tuilt “oy ==zns
of earller Dz=on Runyom grants will ccnuinu- to b3 used with soze modifl-
cetions. Sp:cific instru=cental acquisit
of elcetrosherctic epparatus and various sdcroscopa acceasoriss.

ilcng will involve the purchsase

Changes in personnel co:prise the following:

(a) Additicn of two psihologisiito hendle the clinfesl patlology phacze
. {0lca Dotrogorski, M.D. and J. Schaidi).

(b) Ono blockemist (L. Scheel, Pa.D.), and
one adiitionel technicima (E. Gordon).

{(c¢) Oce stztisticilen (S. Kas:s

significznes of this phase. 1ir. K3szer has alrzady been parcici-

pating in the preceding study.

r, M.%.,E.2.) in view of the increczed

(d) Ope eecnice bistologist (F. Creedon) with technical essistant (E.Faer).

(e) One cdnztional chinel ceretsker (R. whi‘EWaw) -

(£) One part-timo. typist (G. Nesbitt).

SWCLARY OF PROPOSED BULGET FGR VEYT YEAR

-,

Personnol - -
Perzanent ecuipxzent
Consuccble eupplies
Other expcnces

Instituticnal ovarncad

Total Wudzet for year

12,500

2,500
8,236
1,924

26,510

- Re:earka: A =all surpl
18 occuzulatd

in the existing tudgat

tho statng of which wi

be reportied on lov.30,

SO 2 Ato s

Sigaaturs of ?roject Cirecior
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Dazcn Punyon Ve=zrial Pund
Septoxbar 25, 1954

. Progress Report
on

PROJECT DRIB-75C

INVIROIMFNTAL CMNCER: TdAE CA2ACITY OF TWHATED THDUSTRIAL DIST

70 _PPODUCE ?UL‘{O.‘IARY.CARCER I EXPSRIIGENTAL AXTMALS

TI. INTRODUCTION

The aboves current expariment at Tae Screnac Latorctory was designed:
to eveluata varfious mzthada for tie experimental inductiea of pulmcnery
neoplasa through exposure to atmospheric dusts. The porsibility t at
industrial dusts of verisus codpositions way cause julzcrary nsoplsasa 4o .
induatrial workers bes for meny years raceived consldseratle attention L
medic2l and legal eircles, Tissue specimens of numercus Indusirinl work-
ers vwho developad pul=onary carcinoma sre coastently submitied to The
Sseranac Laboratory for review, and consultation about such crses is often
sought in respzct to claims Cor compencation tesed on the siieged carcine-
genlc influsnes of various dusts. Tols etate of affairs crestes a grest-end urgs:
need for definitive evidence concerning carclzozencals ia industry.

This interin rcpsrt. sumaarizes the expsrizastal study of andnels welch
has nov teen {n pregresy for 16 cmenthe. Tals study vas undertaksn efter
cozpletion of a pravicus study in vhich it vas {ound thot quests dust and
{ron-oxide cust did not influence the incidznce of tulooncry twzor in rice.
Thaot esrller situdy iovolvad mics of Lim sirains, strain C aaé strain C57
tleck, hesing a high and low spontaneous pwlacnary tursr incidence,respaci-
{vely, wd oa cozpletion of tho experimcat it 123 poesible o stats to the
Deoon Runyoa Memorial Fund,in a regart dated Octobsr 20, 1952, that "leithsr
of theose dusts is capadle of clicitirg tuzors in mice of o strein higb_ly

susceptidle io tunmor develogmsat or of initiating t.r:xm ferzetion in mice
of a stisin of low spontanecus ‘m._or 1ncidenca”.

In the pt'cpoeal *to tho Damon P:.m;,'on Pund Cowaitize datad Octeder 29,

.>l<.‘52, {n vaich the prasent experiz:pt wus outlined, it ves stated that i
. ef{ther qucrtz dust or iron-cxdde dust d«slnflusnca the incidence of pul-

zonery carcinoma in nzn, as cocs obzaivers fds")‘.‘.:t, the zouse is valueless
for investigaticn of the relative poteacy, mzcheniem of action, or pro-
poylaxis of that effect. It was rezsoncd further that efforis to ident

an ezperinzatal icchnic -for tho inves ‘gnt*cn of these nsprcts of gulrcoary
carcinogencsis ehould be contigued. Discuzsioa was tatred -.ced concerning
vorious pocsiblz aopproaches to the probla end Lt vas concludad thei the
teot avenue of 2pproach vould ba cn9 involving "preliminary preparation..

of cnirmals with 2 standard cnreincegenic preduct felloved Y thelr ex oosura
to the subsicnce to be teated®, :

C12754
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An &addition to thoze wbich were to ba sacrificad,

Dsmon Punyon llerorisl Fund
Septezber 25, 1954
Project URIR-75C

The study now underay involves this type of approach to the experi-
mental study of pulmopary czrcinogenzeis. It has been found that rats
exposed to berylliun coxpounds for 10 to 15 cooths develoy trus pul=snary
carcincsas of the alveoler cell adenocarcinora type. Slaoce thesn lesions
sre true ansplastic malignant tumors of a type someifmes seen in bhuran
lungs, they se=n zore proaieing for the study of pulmomary circinogene:zis
than the peculiar nom-ancplesiic, usually tenign tumors occurring spontzne-
ously in certain strains of mice. The use of animals prepzred by exposure
to beryllium for ths study of other egents es carcinogens is enmalogous with
the f2ct that in using tumar-susceptibls strains of mice, & "neoplasio-genic®
factor {s prasent, vhether genetic or infectlious 1m naturs, so that eay
expericental egent, even in the moucge, 13" ‘teing gludled es & co-carcinogez.
This is in further conforaity with the belief of wmost oboervers that multisle
factors probably coxbine in carcinczzoesis in mon so thet any single impliczted
agent should probzlly be regerded £s scting es o cc-carcinozea with one or cors
other agents. Baryllium has the sdded advantrge that {t undergces no zeta-
bo lic checge in animal tiszsue, so that as & co-carcincgen its efflects are
precisely definabdle. :

IT. METHOD

A poriod of 6 months expoeurs to beryllium coopouzds has b2en found %o
be n sufflicient stimulus for the subsequent develogzent of pulmonary carcinozs,
during & period from atout 5 to 10 months after the ceciation of the 'exposure.
The current experimont is designed to raveel whether or not qusrtz or
{ron-oxide dusts introduscesd subseocuantly to the gkase of terylliua expssure
vill alter the latent period or the incidence of euch tumors.

The expsriment wvzs started with a totel of 200 albtino rats vhich wers
expossd for § months in two special dust chzabars to an serosol suspeasion of
berylliun sulghate. An aizospheric ccncentretica of clout 12 clerogroms of
Bot0, (emilvalent to 1 micrcgram “Ba) par cu. ft. of air ves caintsined and the
dust vas disceminnted for 8 bhcurs peor day, 5} days per veek. It wvas expoctad
that during this poriod of exposure to bterylliua: sulniiato scos rats would die

) The totol nuaber of desths .
from. all cmuces-was 65; sotevhal more than bzd tsen mnticinated. These deaths
occurred in two episodes; the first shortly aftar introduction to the dust
chanbers, and the second towards the end of tha dusting phese. Toese rezaiz-
ing 135 anircals vere divided into thres grouns of 45 anizals each. Two of
these groups wers exposed {n separcte dusi ciicabers to quartz dust and to
iron-oxdds cust in a ccnceatration of apsroxizztely 300 nillien particles gar

cubie Coot of eir. The third group was reservad for residznes in norzal air
as a control, .

Animals from crch of the atove groups have been end are bashg sacriffced
in s2=ples of four at i{ntcrvals of thrze monihs frcu e end of oxposurs to-
berylliwm. It vss originally yla{mcd that if it app_cared et eny sscriflicing

.— . - -5- . . \ -
(127535
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. 4% vas docided to sacrifice helf of the reaainder in each group.

-recent lerge group of sscrificed anirals.

Doron Punyon Fesorial Pumd
Septeaber 25, 1954
Projsct DRIR-75C

“period that therevere Jifferznces betwzen the incidence of czrcinona atong

the groups, a lorger pusber of srlzals would be secrificed. Studles of tha
tisgues of the enimals included gross ond microscopic exsminetica of the
lungs, lyzph nodes, spleen, livar, and kidneys.

It ves plannad that if at any tina these aro differcnces in the inci-
dencs of pulconary tuzors, the lungs of the experimcntzl enissls and of ths
controls would be analyzed for beryllium. This procedurs hed to be carried
out bacauee of the cossibility thet the inhalatien of quartz or of iron-
oxide dust night interfere wita the excretion of praviously esccumileted
beryllium, If excessive retenilon chould taus occur, 4t would interfers
with ths interpretaticn of the experiment acd vould neccssitzsie a revisien

of the technic and repitiiion of the overall study to ensure that tha tiscue
content of beryllium will be comparzble in edch groun.

czution hes been taken cgeinst this possidbility,
norzal alr for cne week betieen W

Oce inmportunt pre-
The enire=ls wera kept in
e end of berylliun sulghcte exposure and

. the bdcginning of the quartz dust and iron-oxide dust exposure, for the

reason that during a pariod of bul one week the graeter portion of the:
recently deposited beryllium would be eliminated viile {n eubzequent months
tut 1litile sore beryllium vould te excreted.

Ag no indicaticn hod aricen at the tine of the 9 months seerificing
subsequently to the cesszction of barylliua dusting thet efther tap quartz
or the iron-oride expocure was crerting any matarial influence-upon the
induction psriod of czrcinogenesia or thes gumbars of pulzonery tuzors
being produced, and as the coimals hsd alraady been under experinant for
a total of 15 doaths end could not be continuad cn this status indafinitaly,
Thi{s vas

the only material depaziure f{roa the course of ths espariment as originally
projected. )

The observatiozs made at the various eacrificial periods ara asseabled
in Tables I to IV and in Filgure I.:" It wust b recordsd that this interia
report is fiicanplete insofar that Lt has not es yet bteoan possible 3 process
all microscopic prepiraticas or blochericsl anslyses on the ticsucs of the

Thercfore, the rzsults presented,
sapecially-as they pertsin to thess latier eninsls, are teczd on grosa
obser7ation only end muct b2 ccoeldered to be teatative.

Tae inferences vhich may b2 drewm froa the tatles ére that peither
quertz nor iroa-oxide. inksleticn hos =ffected the latent peried or overall
incidencs of pulrmenary carcinoc=ta. Coxpreheacive microsconic etady of all
the tiscues will z2llow Nurther evalu=tioz of tha results in terms of cerviain
additionol criteria, such as size, type, and locaiion of turors. It hes
slrecdy, howsver, boen nmoted that vorlous Lypes of tumor have occursed,
including papillary cdezocarcinona, micous-foralag sdenoccrcinoza, and
squecnus esll corciooma. Tho retics in vhlch thas

1229 tutor types occur ia the
varioue snimol gub-groups of this cxpsr.\{:eat vet rodadn to La delzrzzined.

- . -b -
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 Dazon Runyon fesoriel susa
Septenber 25, 1954
Project DRIR-75C

Table I shows the macroscopic observations in each of the groups.
The vertical "Duration of Exposure® column at the left is sslf-erxplanatory.
The colu= msrked "llumber of Ani-als Exzmined® records the pumbar of aninals
examiped at appropriate time intervals from each of the types of dust exposure,
nanely, teryllium sulphata followed by quartz, bterylliua sulphate followed
by iron oxida, ond beryllium sulpaate followed by normel air, Ii shows also
the totals of anirals from all groups excmined at each interval, The columm
zarked "iuzmber of Tucors Seen™ presents figures for the nuater of turnors
obeserved in each anical exanired. Thus, ia the sscond line (&zonths BeSQy
and three months time lapse) thers vere 6, 4, =nd 3 enfmals obsorved in the .
quartz, iron, end pormal air groups, respectively; and under "luzbor of Tumors®

there are groups of 6, 4, and 3 zeros to show that no tumors were observed
{n these ani{rals at that tims.

Tehle 1T sumnarizes the pooled data from Tahle I and reveals a
rezerkably charp increase in the rate of incidence of tucors bestween nins
and ten months., Presunably this 1s an indication that following a six-aonth
exposure to baryllium sulphate dust the induction period bafore the devel-
op=ent of tumors is comparatively concistent and 48 aproxizately uine
ponths in duration. The peak onset of tunor production, therefors, coc=ences
approxicately 15 msnths from the dats of onset of beryllium sulpghate dust
exposure, It is of interest to note that in un earlier experimsat in which
exposure ta terylliun was contimious the peak rate of sppezrance of pulwonary
carcinozata also occurred at about 14 rnonths from the date of coznencezent
of the dusting experiment., This phenocenon 1s grapnically esphasized im

Talhle 11T p'resents the ccamparative data by type of exposure for the
occurreace of turmors in the groups of animals killed after 10 zonths?
exposure to quartz, to iroc-oxide, and to norzal air , following the prep-
aratory exposure to beryllium sulphate dust. Tae data are broken down as
indiceted in the left bend colunn for the purpose of other cemparisons vhich
are presented in Table IV, In Tehle III the icportant figures to note are
the totals, In the column headed "Nimber of Tumors per Anical® 1t 1s 2pparent
that exposurs of the_rats to quartz or lron-oxide dust after the preparstoery

erposurs to beryllium sulphate dust has not altered the incideace of tuzors
‘o a paterial degree. :

PR
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Dermon R.uny:m “dezorial Pund
Septembar 25, 1554
Project DRIR-75C )

Table IV presénts the rezults of ccabining the dats garnered thus fer
{n this experiment in verious weys other them by type of exposure. Thus,
tws streins of anixmals were used end ths first set of comarative data in
Table IV shows that thers is &8 slight, but im=ateriel differcnce in tusor
{ncidencs between the two strains. The original 200 rats were ezposed to
the barylliun dust in two zeparate dusting chembers, end the berylliun dust
in two separate dusting ch.s....bcrs, tnd the second set of deta coapares 4he
{ncidence of the resultant tumors. Agedn thers is no signif*caut difference,
The third set of data compares the incidence of tumors in cale and fezale
rata and oncs more no significant differcnce is apvarent.

In a previous cozparable otudy on mice conducted by means of a Dazen
Munyon grant, peither quartz mor ilron-oxide dust appeared to influence the
incidence of spentaneous pulmoncry tu=srs. Evidence now exists that at ..
least for rodents of thess two genera, nelther quart:z nor iroc—oxdide dusts
act as co-carcinogens with teryllium sulphsie or &ny other primary esrcinogen.
In view of the large numbers of human beinga who are constantly baing
exposed to either quartz or irom dusts of various kinds, this otgervation
2ay bave a certzin measure of significanca.

III. TRANSPLANTATION OF LUNG TUMORS

A major result of this series of studies on environniental cancer hsas
besen to demornsirate that beryllium dust is 8 relizble experimesntal tool by
zeans of vhich lung cancer can be provoked “in rats. It had oot yet been
established whether the presence of the inhaled barylliua was necessary
for the survival of the neoplaszma, 1.e., Whether the csncer cells used the .

_ beryllium during some or other phase of atnormal cetatolisz or whether

the nev growth could continue in the absence of the deryllium, i.e.,"
vhether sone genetic change had been effected,chenging the czncerous cell

to a parasits rather then merely maintsipiop it ss a diseased cell., This
point could not de proved Teadily on the tumors in the aninal lungs b=csuse
the progressive expension of the tumor and the occurrencs of zultiple tucors

rapidily id.lled the rats.

The extension of the blochexical study of the tu=sr could only be
pursusd therefores if the tumor could be induced to grov 3ore slovly or 4in
anothﬂr accossible tissue.

Ror would any attempt at t.hcrapeusia prove meaningful until the experi-
mental cancers could be proved by histological msthadas prior to the institu-
tion of eny proposed method of treaiment. This could not ba atiexmpted in
aninelsg such as the rat unless the tusors could be transplented.

Fortunately, it ves discovered that the barylliuc-incuced ncoplasnata
possecs such blological vigor thet they roadily survive on cubcutensous

N

' T (127t



£

-

TUMORS PER ANIMAL

Se3lentsr 23, 1050 T T
Project LRIR-75C

FIGURE I

INCIDENCE OF TONCAS AT VARIOUS
INTZEAVALS AFTER TXFOSURE FCOR
6 YONTHS TO ZeSOy (from TABLE II)

{ {

3 6 5 1z
TDME DI I-iON'I"dS

X = DINOTES § VCNTHS OF BeSOy
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D:__:: e=an Myo;iignu funa
Septeatar 29, 1954 .
Froject DRIR-7SC

TLELE IT

SOMUARY OF DATL OF TAELE I
(411 observstions pooled at each tizme interval)

L)

&

Duration of Expocurs Nuaber of Anirals Numbar of T\=ors Mucbsr ofi Tmors
exzmined ‘ (total) . por enimsl
To To ° - : S o '
BeSQy F:%Q%o I
Quarts
nonths zonths .
6 0 6 0o 0
6 3 13 . -0 0
6 6 s .5 0.31
6 '9 SR 9 0.47
6 1 . . w43 130 2 3.02
(127
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TABLE III

Damon Runyen lie—oriai iusa

September 25, 1954
Project DRIR-75C

.
-

COMPARISON OF TURGR INCIDHICE AT 10 MONTES ONLY

~ IN RATS OF EACH OF TAE GPOUFS EXPOSED TO

BeSO,, THEH TO QUARTZ
BQSOL, THeX TO I"e203
BeS,, THE T0 LORZAL’ATR

Data of ,oxvorurs Ruaber Kumber Runbar . Kumber
Strain of [Scz]Chashar of animsls | of animels of tunors of tumors
endzel ) ). used exacined | with bmors — per enimsl

Experiment #1.236 BaSOQ; for 6 months followed by quartz for 10 conths
Sherzsn | F £10 3 3 9
Sher=an ¥ 1 2 2 10
Sher=an H 11 l 0 0
Shar=an M 10 -3 3 7 .
"{Sar. rab.| F| 10-11 2 2 8 -
Total) 1L 10 3L —3.08
. Exparizent #1237 BaSO, for 6 conths followed by Fe203 for 10 conths
Sher=en F £12 4 A 16
Suer=un F 11 2 2 3
Sher=en | H | 10 ) .. & 26
Sal’. L.!b. ? lo-n - 5 3 6
Totel ] - )7 15 Sl ) kN
Experinent #1238 BaSQ, for 6 =zoths folloved by mormal eir for 10 zozit
Sher—sn F ic 4 3 9
Sher=an | P sy 3 -3 ' 1d ) -
Steveze | M 10 5 s 19
Ser. Lab. | F | 10-11 3 3 5
Total 15 4 43 2.87

-~ ()
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YEWORINDUML

Loes Silicosis Protect Against Carcipcma of the Lung?

- Referencet Zcotr. Allchem. Pethol. u: Psthcl. Anat., Vol. 89,
: p 187, 195z, S. Soorleia '

At the University of Vurzburg, 333 cases of silicosis verse
deterzined frza 24,571 necropsies perforzed durdoz tae gerioed
1930 to 1947. Taera wag eviiernce of trocachial exrcinoxe in
only 7 of thase cases. Tnls gives ac incidence of csrcinoza a
£i€th %c a siath of that walch co2ld =2ave teen calculated had
silicosia bLeen witlnout 2ffect oa the lung in respsct of cerci-
noza. Morezsver, the greotest incldence cf carcinosa wss asonget
tre cagss vith. tne leush cwuouat of silicosis, Taus, tizre vaors
5 cases of trcocnial czrclaoma amongst @ subjects with elignt
s8ilicosis, ard 2 aconget 105 wiih zoferale sili:osis, sad nons
snonzst 137 vith severe sillccsis. The laferzace is mrde thut
sillca or gilitic acid, ifactn3ad of rre-dicposing %o thza davelop-
=e=a% of tronchial cucciace, decidedly protects azaiast it.
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