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camied on under this projeot repmeanta a broad of
and IUO@lO@@Cd chan@8 in the thyroid of men and a
edninistrationof mdioactive iodine (1~31).

A vary detaihd report covering activities from the beginnfng 3f the
pro$lct was lmkmitted one ymr ~.

Fadfafiw - = Q!? W!EQ$Ml d 21?!LmYEQw a CMw& s~lee k

- tie e-~y 9- of the Qroj- mm time -U da-red tO tb
physiologic effect of the radlat%on than to the morphologic aspectsof ft.
Selectedpatients were studied in very great detail so that ‘:.a CM ‘deal
effects of x~l therapy ccnaldu,Ltimetdybe measured against . I
ground of data on each fndivtdual patient. It uss hoped that J
i“ might be possible to ftnd explanatfom for the great variati
rtdponse of diffezwnt patianta to * therapy. The q
kzndone, sndarebeiag COntimA, oneueh oftha ad
d3scussed in detailfn the previousreports.emecfaUY m the 1
tieuSulnaittedone year
merely listed hem.

Inaddition to the
including: hematologic

usual thorough clinical work-up of the pati
studies,estimation of the character and Ua!l

the thyroid,systema~c xwcording of all features of ophthalmpathy

4

the uptake of 1131 and the cllnical $xlgmnt of th severityof the
thyroidlaa, a series of spatial observations wexx2madeon theem eel
patients. It is these qmcial studies that are supportedby this
They include the follmdng: 1) The uptake of the tmamt dose
thyroid end zwpaated (alrmst dsil observationsthereafterto dater

Lpattern of disappearance Of ’the I from the thyroid over a period
* ~. q -* Of the tOtd radioactivityper milMMtex
over the stmi period of tixm. 3) Serial quantitative chrometograms
the amounts of varioua iodfnated cmpounds in the blood (5 to 8 saq
patient) to reflect the chax@ng pattern of these comgounds followin
admi.nistmtionof the tmatxzent dose. 4] similar Ollserv?ltioneon t
with attention to the daily total loss of radioactivityfmm the bod
These serialobservationsnot only initially reflect the abnozmaliff
the disease process and variationsamong patients befozw a aube-tant~
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occurs,but they also reflect changes that are ikuce

The data have been graduallyaccumulatedand subsequentevsluatio
e couree of the disemse has been considered in the light of these fi
ese studies go far be ond the usual routine observationscomonly aa

Itients treated with I 31. The ultimate value of the data is not Iul
own because the long term effects of 1131 are only recentlycoming t
ght.

Our laboratory representsone of 19 centers included in the Publi
alth follow-up study of 1131 treated patients. Our detaileddata on
proximately175 of these patimtts, studied under this contract,have
oven to be the most thorough in this national study. The kinetics o
31 h these treamt petients, along with the collateralobservation

v
enowsarv as the basisfor attemptingto define the patterns of
vlor of 113 . It is the hope of those in charge of the nationalprc
~t, having established kinetic patterns from the data on our patient
m frsgmenta of data from other less completely studiedpatients fro
Wers can be analyzed and the miming data estimated for those petie
the use of coaputors. The reasonsfor the variationsin the tharep

tcama may thus be Learned in a large -er of pattents now being fo
? responsible Investigatorof this contract has been appointedChair
? Steering Coamtttee concernedwith the snalyaia of the clinicaldat
m now been assembled fmm the 19 centers. It should be achnittedth
:h of the data that have been acquiredunder th$s grant are not fuU
!erstoodby us, but with the collaborationof others mom kncwledgea
the study of kinetics and the use of patients fram other centers,a
dd be learned. W contixm to carry out a detailedstudyon selec
:ientswhen: 1) an appropriateparientis to be treated,2) when he
dlable.for intxve study,and 3) when the peraonnsl wrking urxier
Itracthave a sufficientblock of consecutivedays to cuqlete the s
that patlexxt.

Synthesis in Radiated end StimulatedRat Thyroids. —— .

Gradually, as the project has progressed,eqhasis has shifted so
e frun the purely physiologictoward the morphologicchanges caused
1 ~a~on= The large bizarre nuclear fores originally found and
cribed 032) at the bqiming of this project have receivedincmaa
ention. fie reduction of the odd nuclear fonas in animals after o

fU doses of I 31 foll~ by a atinulusof thiouracilhas been re-
ted(l~z) frua this reject.

1
Zhe fhiing of excessivelyLarge amum

DNA as denmnstrated 3) by Feu3.genstaining and quantitativemicxwsp
toauWry in nuclei of thyxwid *S of aninuts was reviewedin detai
caqxlete retiew subxittedlaw year.

A omnuscrppt entitled “The Acute and kng Term Effects of Var5mm
Radioiodineon the Tlxyrddof the Rat as Demonstratedby Mitotic Ac
ng Tritiated Thymidine”(4) was appex~Jedas a separatemanuscript M
yehensiva report one year ago. That mar ?Cript was sent to MdocX
publication. Sum ~latively minor editk.rtalsuggestionswem mad
editor. With the lapse of ‘~, and ret IT iderationof the menusc
~ the paper could be impmved upon. -- only by making som au
m ~visionb, but by redesigning*M presmtation wifh ~ change
lasis. In that study tritiatedthymtdinewas used in rata to show
>graphicallywhich cells were forming DNA in preparationfor mitod
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When an antithyroid drug was added to the drinkingwater two months after a
small dose of 1131 was @van, there was a much greater rise in the ~nCidence
of cells forming DNA than when such a stimulus waa appMed to non-
controls. This propensity to over-respondwith DNA formation on s
occurred even though there was no obviousmicroscopic change in the ceJ&s
before the stimulus was applied. This response occurred long after the 1131
was gone, but while the gland as a whole still had a cepaci~ to ml Srge
under the antithymid stimulus.

We had known from our earlier experimentsthat after giving a

/

se af
1131which was insufficientto produce recognizablemicroscopic ch es in
the thyroid, a latenteffect was produced that later maulted in 1
abnormal nuclear forms when the st

T
us of thiouracil was applied. We also

had lmownfran earlie experiments(sthat soon afteran intemedia
f(S-20UC) dose of 113 had been given,the thyroidcould be induced o

hypertrophy,as does the normal gland when an entithymid drug %s -
istered. However, sweral months later and long after all the 1131 ad
disappearedfrom the gland, this ability of the gland to hypertmp was
graduallylost. It seemed in the mora recent experimentsthat it w just
those glands which atiU have a capacity to enlarge that develop ab-
nomal nuclearforma. It was these nuclear forma that had exceesiv DNA.

More attention in the manuscripthas been placed on the rapid -
of W! synthesis when the initial iodine deficient diet was discontinue
By chance this part of the experinmt showed how thyro%d cells when plad&
under the influence of iodine deficiencydisplayed a high degree of DNA
synthesisin preparation for cell division. When the iodine deficifmy =ss
corrected,DNA synthesisproqtly decllned. The mamacript has beextcon-
siderablyrevised and will be msubnitted very soon to Endocrinol
has been re-titled “DNA synthesisin the Radiated and Stimulated

—+”A StudY of Nuclear $hanges et the Time of ~lasm Formation Foil—— .—— .

Since we know that neoplaantesometimesdevelop in rat thyroids
~ ~ doses Of 1~1, end S- the frequencyof the OC~CS

tmors is enhanced by gi~ thiouracil,it s~d appropriateto u
tritlated thymidine techuiqueto observe the behavior of thyroidnu
tumors am beginning to develop.
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W now have in progress two ratherextensiveexpe “

‘+

t80nth

developmentof changes in DNA foxmetionat the @m neoplamns~ b
We are interested here in the preparationfor rnitoticactivity as e~
by uptake of tritiated thymidine.

After a brief period of iodine deficient diet to insure a high
of 11~, e large series of approximately100 rats ~ in$ectedwit
5, 10, or 50 UC of 1131. Others received none. FolloWng the 1131
brief respite, chronic administrationof thiouracilin the drinking
of aam of the rats was begun. This series of rat8wem pubescent
=@hed 120 to lW gramswhen Ilfl Ws @xm. Another large series
which were aommhat younger and ~ighed from 80 to 100 gram were p
somemmths foUnd.ng the aboveseries. Representatives of the var
gro s were killed soon after 1131 was @van to determine the actua

%of 1 1 fi fie aveq gl~d. Rats presenting the various ~ri
~up~ we~ sub+vided following 1131 so that eoungreceived thioura
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ronically,othem received it acutely before sacrffice~and still 01
ceived none. Each snimal was given tritiatedthymidine four hours 1
crifice, so that contact radioautographsmight be made to determine
d how many cells possessed nuclei that were preparing for mitosis.
me instancesthe rats were also given minute trace doses of 1131 to
e function of the thyroid before they were sacrificed. The radioaul
r tritiatedthymidine were not prepared until this 113~ had ccmplet@
cayed. Some animali3 were killed early in the course of the expe@m
ther additionaldata on the supremaximalsurge of DNA fomation thal
en obsemed in previbus experiments two months after the 1131 was

Pdy weights, thyroid weights and thyroid function,as meaauredby I ~
ke, as well as gross changes in thyroids, are all being detemdned [
me of sacrifice.

These experimentshave been in progress for about one year. Inti
us far selectedfor sacrifice have been 3* and 9 months. AnimalsW
crificedat more frequentintervalsas the expectedtime for the occ
neoplasm arrive. They will be sacrificedat intervals for”2 to Z!
ars. It is hoped tiat the intervals elected for sacrificewill gim
dioautographsat the time when the first signs of the devel~nt oj
oplasms occur just as we have seen in experimentsunder this contrac
ars gone by. As the neoplasm begin to develop,evidence for diffe]
rates of synthesisof DNA in different parts of the thyroid will lx
ught. At the time of the moat recent sacrificeof animals, no graw
idence of tumorshad yet appeared.

clear Changes in Hman Radieted Thyroid Tissue

Over the years there
am, samplesof thyroid
ving firmly established
uxmpectmphotomtry on
thodolo~ for procuring

have been opportunitiesto procure by sur@
tissue from patientspmwiously ~ated witl
the method of Feulgen staining and tital

ranimal thyroids in this laboratory , the 1
and processing the tissue was set into operi

ne human material was to becam available.Thus,the quantitativern
at of DNA in individual nuclei was undertakenin human tissue as we
Ie in the past on animals. Over a period of almst 10 years, thym:
ssues from 1.31~31 treated patients have been obtained for this stu
addition, Q tissues from thyroids p~wkusl ~ected to x-ray.r~
i q contxds were obtained. ITen of the 13 I 31 patients were subjef
surgery because of masses which had developedin the thyroid; one ]

3 operated on for persistence of hyperthyroidism;in tm instances 1
3 obtained at prompt post mortem examination. Recentlythe finalal
z preparationand staining of these radiatedthyroids and tissues f]
Itrol ~ids *re concluded. During the last year the quantitati~
maremmt of DNA in imdividusl nuclei was cunpletedin these human ‘
review of alternate sections stained with the customaryhcmatoxyM
3in method,it WSS found that somewhat f-r of these radiated ti~
@ayed bizm nuclear fores than was observed in our previous ract
nan thyzmidsdescribedq years ago(2). ~~r, f- of 13 1~31
:ients showd an abundance of the bizarre nuclear fome in ~tranod
3sue. One of the most obvious had been given pwpylthiouracil befo~
s operationbecause of continued hypert~idism. The use of this [
ich acted as a stimulus to the patientts thyroid,may have behaved .
3hionconqarableto our admal experimentswhere an abundance of M
‘dear forms developedwhen a sidlar stimlus was applied. In this
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he natural stimulus of the disease to produce hyperplasiahad
ersisted at the time the tissue was obtained. In the other cases
131 treatment, it is ultimately difficult to know whether a given
s in a euthymid state because the driving force that caused Grave
isease has abated or whether the force is still there, but the th
o damaged that hyperthyroidisais not possible. Quantitativemeaeu?ellE
f DNA in “..dividualnuclei using Feulgen stainingand microspectroploto%ry
howet considerablevariation in DNA content and nuclear volume in slme
ut not all of the radiated tissues. Measurementsindicated that th 2 Aunt
E DNA in some cellswas greater than 2 times the diploid value. .8is
s was observed in the stin@ated thyroids of animals Which had prev JXlsly
een given 1131 and is j:~rp~ted as a build up in DNA, but tbwarte11cell
ivision.

Some of the adenomas which developed in these radiated human gl
zre also similarly studied for DNA content of indivihal nuclei. C
cable variation was found in nuclear volume and DNA cfmtent in them !tuners.
~ the final analysis,it is not entirely CUer which adanws arose foUow-
w 1131 and which were present, but not detected, at the time 1131 1m
Lven. It would be particularlyinterestingto know which tuuorsam Is:
mm radiatedcallswhichbore a potentialfor bizarrenuclearforma and
dch ware tumorswhosecallswere themselvessubjectedto the radial“ion
:causethe twaorwas alreadypresent. Certainlythe formermet be truain
me cases. Ona follicularadenocarcinomawas encounteredin a pati6nt who
Idbeen treated tith 1131, but unfortunately,the special preparatiCns on
ds neoplasm were not adequate for our studies. The bizarre nutieax forms
!represent, but not abundantin the extranodulartissueof this roid.
manuscript describingthe bizarre nuclear forms and their ~cesai~ and
regular amounts of DNA in human tissue is in preparation.

Our experimental.resultssuggestthat thereis a dose range of 1131
lichfor a ~ after the radiation Is given, neither cca@etely deqtroys
Lefunction of the thyroid cell, nor (as shown in animals) interfe

1

Lecapacity of those cells to nultiply and make a larger gland. Af
longer lapse of time and long after the dose of 1131 is dissipated,
feet develops in the ability of the radiated cell to divide, alth
A may build up. Meal observationsin the human show thwt alth
is subtle damage may be caused to the thyroid cell, it continues t
d make thyroid hormone maintaining the individualin a euthyroid
perficially,it may appear that an ideal euthyroid state is achieve
is clinical subject. In ~act, the euthyroid state persists for a
ars. However, w now are beginning to observe at 12, 15 end more -
ter 1131 therapy that these human glands, which appeared to have
pacity to manufacturehomone, ultimately begin to faU and the ind.
gins to suffer fmm hypothyroidism. This has becczm apparent from t
ng term study of these patients. It is thus a reasonable assmptia
e animal experimentsthat the expected normal replacementt of thyroif
not taking place.

mmoscxm Abnanalities~ CirculatingLeucocytes of Patients Treated
5L .— —

several.yearsago we solicitedthe assistanceof ProfessorNeil
cintyzwof this University in the study of Chromoscmd ~ieS in
latingwhite cellsin a patient-ated with largedosesof 1131.
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apprehensivereview of a year ago, we described our observations
ng the very high incidenceof chromosunal anomalies in this patient
ad been studied in gvsat detail. We published these obaervationa(5)
e first American publicationof Ats kind several years ~. In those
es w found that a hi@ incidenceof anomlies ~ yearsafterthe 1ss
totalof 475 millicuriesof 1~31. With the very extensiveexperience
romosomalpreparationand interpretationby Dr. Mac&ntyreandhis
atorypersonnel,it seemed appropriateto carry these observations
er and look for anomalies in individualswho had received doses of
15 rnillicuriesof @3i as treatmentfor hyperthyroidi~. In the mean
observationshave been reportedby others who used one or - ob-
tions on each patientratherthan a seriesto prova unquesttinably
a change had takenplace and to observea sequenceof changes. It
een our policy to make multiple cultures from a series of 8 to 12
es of blood following a treatmentdose of 1~31.

l’wayears a~ we completedstudieson a tdtelaf 6 atient~@mn
moderate therapeuticdosesof 1131 for hyperthyrod!isa,but m-

innately,* full seriesof @tures was not alwayscoqleta on ●ach
mt. Some culturesfailedand in two instances,tie largenunbercf
al controlobservations-re not fully acceptable. From themeager
on thesepatients,it appearedthat there was a slightrisein
Lies. Continuationof the mrk was limitedat that ~ becauseof
ageof personnelon our own staffand on @. Macintyre’sstaff.
g the last year we have reamed these studies with the.participation
graduatestudent who is addressinghhself to this problem. W have
r in the past year asaedaledInformation on an additional8 patients
qerinmntal design has been as follows: Samples of blood for cui-
bta.inedbefore any 1131 is given. Sufficientblood is obtainedso
mltiple cultureswill be availableto CleSrljc establishan incidenc
malies beforethe radiation is @van. Subsequently,ssqles of
are obtained for culture at 1, V, 10, - 24 hours,and 2, 3, 7 an
Vs. Ths large batteryof observations on the kineticsof the 11~1
? patientam also carriedout [asthey have been describedearlier
sport for estimatingwholebody radiation). Because all seriesof
mane counts are done as complete unknowns, the results of nmst of
observationsare not yet Identified,because study of slidesis sti
>gress. In at least two instances,where the observationson the
s 1s complete, it appears fiat chromosomal anomaliesare being pm-
at a just aignificant level. It will ~re a considerablylargex
e of patients and probably severalyears to obtain enough data to ge
w answer to this issue. In the more recentstudies,non-radioacti%
*atment) serm is obtained from the patient and stored to be used t
X? the ~ @n cell cultures)that bears 1131 when the dood is drcm
:ingtk serum in the culture eliminates any radiationeffect that
occur while the culture 1s being incubated. The fact that the ‘
*’s own blood bearing eorneof the therapeutic dose was used in our
qexntuentswas an objectionto our original experimentaldesign. It
be arguedthat underthe fozmerconditions SO= radiationmight be
bed by the cells during culture rather than be austaimd only -
J the cells Wem withdrawn from the patient. The backgroundof de-
i studies to determine the radiationexposure in these treated pati~
:or@ chromosome studies is adding to our total numberof patientf
d in great detail for purposes of ultimate relationshipto effects
qrraid.
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~Radiation Effect on the Thyroid— —. —

[

AS part of our interest in radiation effects on the thyroid w h ve
most conpleted a follow-up study of a selected group of patients wh
fore 1950 received x-ray radiation to the neck which presumably in uded
,ethyroid area. AU of these individualswere given x-ray therapy or
herculous cervical lymphadenitis. Most of them were children or yo
ults when treated. Of almost 200 uatients so treated. 66 have been
aced and brou”~t back for our per~nal examinationof’the thyroid. I

tive of these wre found to have at least one discretemass nn the
ght have submitted to surgicalremoval of the mass. There were tw
rcinomas, tm Hurthlecell tuaors (onewith capsularinvasion)and
th SOllicularadenomas. Of 60 additional individualskno~.nto have
e records of post mortem examinationsare availableon 46. Two had
sions of the thyroid; one of these was a carcinoma. Most of the pa
o died did so within 5 years after the radiation therapy had been g
ur patients * have very discrete firm masses, but refuse opcratio
ise considerableconcern to us. A final effort will be made once m
induce these patients to submit to surgery. The study should be c
eted soon.
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