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CHAPTER I
IRTRODUCTION

The contimied synthesis of nuceleie acids 1s essentisl to
the maintenance of a homeostatic state within a mymmal. It is
generally believed that mucleic mcids are synthesized from
thelr fundamental components; a free metabolic pool of nuelelc
aclds has not been described in the literature,

The purpose of thls work is to consider the hypothesis
that, aside frem their iumunologic funetion (Burmet and Ferrver
1949, Burnet 1962, Jankovie 1962, Auerbach 1963), the ultimate
Tate of lymphooytes and thymooytes 18 to release thelr ruocleie
acid upon eytolyslis, for reutilization by other lymphoeytes
and thymooytes, and other cells undergoing chromosomsl replie
eation, This release and reutilization of lymphooytic and
thymooytie muelele acld - after the usefulness of lymphocytes
and thymoeytes as antibody producers and carriers is completed
and their life span terminetod - represents a aystem of pree
paring and supplying trephones (mutritive substances supplied
by trephooytes which are feeding or mutritive cells - in this
case lymphocytes and thymooytes) to those areas needing im
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nediately avallable sources of readily utilizaedble desoxyriboe
micleio soid, This desoxyribomiclelie scid is necessary for
normal growth and maintenance, a8 well as, pathologioal
growth processes, and growth following degenerative processes
such a8 regeneration and fidbrosis,




CHAPTER II
REVIZW OF THI LITRDATUSE

The baslc idea of trephooytes (feeding or nutritive cells)
supplying trephones (mutritive substances supplied by trepho-
oytes) is not of recent origin. As early ss 1715, Dionysius
felt that the thymus secreted a fluld which was mutritive for
the newborn. Later in 1845, Goodsir and Goodsir desoribed
minute cellular parts, which were muclel, which they concluded
ware centers of nutrition distributing nutritive materials %o
each organ, Carell (1924) concludsd from his observations
that leukooytes carry "embryonic growthepromoting substanhces
a8 trephones” which he found sssentlal to the growth and
maintenance of tissue oultures. From Carells’ work, Dustin
(1933) reasonsd that the storage and liberation of micleoe
protein was the prime function of thymoaytes.

In a more current frame of reference, the problem regarding
the fate of lymphocytes and thymocytes has been challenging =
especlially when one eonsiders the rapid rate of turnover of
these cells. The only tissue examined by v.Puler and Heveay
(1942) in which the nuelelc mold turnover was found to be of
the ssme magnitude as that in the thymus was the rapidly growing

3
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Jensen sarcoma. Andressen and Ottesen (1945) observed that the
rate of miclele acld renewal was five to six percent in three
hours in the thymus gland as compared to the lymph nodes end
#pleen at one to two percent in the same time. They coneluded
that, compared to the high thymic activity, the other lymphoid
organs possesssd only a slight lymphocytopoletie funoction,
The percentile ratlo of new«formed rnucleic acid was determined
by Andressen and Ottesen (1944) twenty-four hours after the
administration of 2p¢ of p32 subsutaneously in albino rats.
The psrosntile ratios were found to be as followst thymus }1 8,
spleen 9.2, Poyers patohes T.3, intestinal lymph nodes 4.9,

ous and lung lymph nodes 4,7. These percentile ratios
wers determined on three month old rats, at a time when the
period of growth of lymphoid tlissue is stabllized and regressive
changes have not yet sppeared., Therefore, Andreasen and Ottesen
ooncluded that the miclelie acid turnover was not due to processe
e8 of growth increasing the volume of each respsotive organ, but
rather was attributable to compensatory growth in order to naine
taln & contimial lymphoaytic output to the lymph and blood
stroam, dowans (1957a) was able to demonstrate that the dally
output of lymphoeytes, obtained by mesns of carmulating the
thorasle duct of unanesthetized rata, wes sufficient to replace
all the lymphooytes in the blood about eleven timen dally. The
greatest mitotie sotivity was found by Andreasen and Ohristensen
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(1949), in rats, % be in the thymus gland in which there wore
four to six times an many mitotic figurses than in lymph nodes,
From these observations, one is led to the obvious conelusion
that the rate of cell turnover in the thyrus gland and lymphoid
tissue 18 remarkably highe.

Hemilton (1954, 1956) utilizing adenine-8-C'% was able to
demonstrate in a patient suffering from ohronie lymphooytie
leukemin, that humen desoxyribomiclele and ribdonuclele secid
aotivity declined in two phases. The initiel more rapid phase
was approxinmately of two months duration, during which time
the decline in ribonmucleic acid activity greatly oxceeded that
of desoxyribomicleie acids During the later phase, the dealine
in mctivity of ribonuclelec and desoxyribomiclele acld was more
nearly parallel, and the duretion of the phs.aa' was three hundred
daysi after which time the desoxyribomiclelc mcid was still at
nore than one-third of the pesk activity. From the gradual
deoline in desoxyribomiclele aclid activity, 1t was concluded
that elther leukemic lymphoecytes have an wrusually long life _‘
span, or the lymphooytes in gquestion cen utilize specificelly,
with great efflelency, large fragments of nucleoprotein of their
progenitors. A two phase system similar to thnot desoribed by
Hamilton was observed by Ottesen (1954), dealing with normal
hunan subjects « but the pheses represented s shorter life span
for lynphooytes than indicated by Hemilton., Ottesen administered
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2006 of »2 intravenoualy and fouwrl twenty-four percent of the
lymphocytes had a mean age of from three %o four days while
sevanty-elight percent hod a mean age of from one hundred to two
hundred days. Albino rats wers continmuelly infused by Little,
et a1 (1962) with tritiated thymidine - the mean age of large
Imméytes in the peripheral blood was found to be sixty days
while for small lymphoceytes there was an ace in excess of one
hundred days. Yoffey (1933, 19%0) estinated the aversge life
epen of lymphooytes to be approximately four hoursy however, he
also observed (1950) that lymphoeytes survived for at least
tvanty-six days in nodified Clarkedanderson windows in the ears
of rabbits. McCutcheon (1953) concluded that lymphocytes are
renawed approximately three times delly or every eipht hours.
These observations on the 1ife span of 1ym§,:}mcysgss seem 0 ine
dlcate =z confused state of affairs, However, one must speculate
that the evidently long life spans are due to one of thres
alternativesy elther to long livsd lynphooytes, or lymphocoytes
vhich have reutilized radlosctive desoxyribonucleic acld frage
mente, or both, The second alternative appeera most plausible
in view of the rapid rate of cell turnover indicated earlier
and from Trowell's (1957) observations,.

Trowoll (1957) observed that reticulum cells of the albino
ret lymph node differentiated, in vitro, into large lymphooytes =
some of these diffeorentiating colls still contained remnants of
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ingested small lyrphocytes, Thls obsorvatlon muggests that the
nucloar naterial of old lymphocoytes mey be directly reutilized
in the fommation of new lymphocytes. It i3 estimateld by Hindred
{1942) that thirtyefive perosnt of the lymphocytes produced are
eventually disposed of in this way. 7The observations made by
Trowell further compliment Hamilton's (1954, 1956) and Ottesen's
(1954) observations on an appammlj long persistont lmboaytia
radiolabel, which in this oase suggests that the desoxyritos
miglelc acld of old lymphocytes may be specifically reutilized,
without degradstion, in the genesis of new lymphoeytes. DeBrum
(1943) observsd that the germinal centers which contained the
grentast nmusber of phapgoortossed dead lymphooytes were also the
most active areasn of lymphopolesis. He indleatsd that mitotle
activity iz frequently accompanied by necroblotio phenomens in
developnental processes, and that the lymphoeytie population
may be controlled to some extent by this process; whiloh may
constitute s self regulating " foedebaok” mechanisme Retioular
cells in the splesn, adjacent to fragments of lymphocytes, were
observed by Hill (1959), to show a gradusl rise in cytoplasmic
basophilia, and the muclei and nucleoll became enlargeds There
sppears to be a close time relation between the dissolution of
lymphoeytes and the differentiation of reticular cells; eventie
elly, the snlarged pyroninophilic retloular cells develope into
more differontiated oslls - plasma ¢olla and large and medium
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gized lymphnaytaa.' The observatlioh was also made by iHill that in
ecses of lymphoeytio "deprivation" a "dedifferentiation” %o a
more immature sbage was assuned Yy the differentiating retioular
colla, MNedawar (1957) cites several observations, using timee
lapse olnematogrephy, demonstreting lymphoaytes often moving
towards and adhearing to malignant cells, megakeryosoytes, and to
cells of all kinds which sventually went into mitosis. He felt
this was an indication that perhaps the lymphooytes in question
nay be in the process of contributing thelr desoxyribonusleloe
acld,

The liver wlll degrade spproximately sixty-three porcent
of thymidine and awmma%aly elghty-seven percent of thymine
within two hours afier the intraperitoneal sdministration of
rediclabeled thymldine and thymine (Potter 1959). Daneis and
Balis (1954) utilized a pregnant rat, tumor-bearing mice, and
parablotio rats in which the host animals were labeled with
adenine-8-014 (sp. act, 68,500 eupem. perp ¥). They sugsest
that purines llberated into blood, as a result of nuclelc acid
cataboliam, are not reutilized for mucleotide synthesis to any
great extent, Further, Cronkite, et al (1559) felt that dese
oxyribonuoleic aclid and its metabolites were not passed on from
one osll to another. Cronkite, et al based their assumption on
the disappearance of intrsvenously administersd tritiated thye
midine from the bloed in a matter of minutes., They concluded
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that tritlated thymidine was incorporated into desoxyribvonuocleie
acld and the labeled thymidine not so incorporated was catabole
ized. Though the purines and pyrimidines may not be readily
utilizable after a period of time when liberszted in the dlood
and carried to the liver, it appears that they may certainly be
readily available upon oytolysis of celle in the relative proxe
imity of other cells undergoing chromosomal reslicetions in
which ¢ase, the free desoxyriboruclele asld would probably not
resgh the liver. The reutilisation of desoxyridonuclele neld

is alluded to in the observetions made by Kindred (1942), Hill
(1959), Kelsall and Crabb (1959), Hill and Drasil (1960), Bryant
(1962), and Reke (1962).

Gowans (1959b) observed gross radicactivity within twelve
hours after tha infusion of P-° labelsd lymphooytes, meinly in
the deep cerviecal, mesenteric, sudmaxillary, and thoracie lymph
nodes, and spleen. Observations of radicactivity in bone narrow,
liver, lung, 1leum (including Peyers patches) and ascending colon
were falrly low, with the kit‘m@y exhidbiting practically no radio-
activity and the thymus indleating no activity. However, the
thoraeie duet was @a.mxulmm thm.g}mt the experdment and 8
significant atress was obvlously placed on the restrained experi-
nmental animals; i1t has been Ccmonstrated (Reinhardt and Yoftey
1956 and Andreasen 1943) that animale maintained under stressful
conditions will experience s depression of mitotic activity.
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This may have accounted for the absence of a radiolsbel in the
thymus gland (Yoffey 1960). Shorter and Bellman (1960) contree
d3et, to some extent, the data obmerved by Gowans (1950b) in
that the thymus gland, liver, and intestine demonstrated a
higher depree of sotivity than that observed by Gowans,
Fishteltus (1953) studied the fate of radiolabeled thymooytes
and found a mush higher degree 90 label ir 21l tissues studied
than that obscrved by Gowans (1959b) and Shorter snd Rellvan
(1960). The conclusions derdved from the above experiments wers
founded on the gross radloactivity of a tissue, with the as-
sumption that this radicactivity was due to the prosence of
labeled lymphocytes as suchs. No histologic examinations were
made to detemmine if the radioactivity obasrved was due to the
reutilizetion of radiolabelod desoxyribomislele acid or radloe
labeled lymphocoytes and thymooytes as suchs

With the azdvent of tritiated thynldine as a speciflic desw
oxyribonuclelic acid precursor (Friedikin, ot al 1956, Amano, et
al 1959, and Cronkite, et el 1958, 1959), some significant
studies have bean made on the reutilization of lymphoeytic and
thymooytie desoxyribomiclelic acld utiliszing sutorsdiogrephio
techniques. Fiohtelius and Diderholm {1961) have been sole %o
demonstrate a greater than normal mumber of sipgnificantly labeled
"mound cells", fibroblasts, and epidermal cells at wound sites in
?rmviouaiy radiolabeled animals, These observations were expleirg
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od by the hypothesis of desoxyribonuecleie aecld reutilization.
These observations appear to be among the first such definite
demongtrations. However, no evidence was obtained to clarify the
question as to whether labeled desoxyribonmiclelic acid precursors
arose locally from the breakdown of laebeled loukooytes acting =s
trephoeytes of desoxyrdbonuclele scid or whether the label arose
as a rosuld of the breakdown of labeled cells in other areas and
was carried to the injury site,.

Bryant (1962) noted the labeling of regensrating liver cells
after the injsction of isologous lymphooytes and thymooytes
labeled with tritlated thymidine., He oconsiders that liver cells,
regenerating and consequently involved in desoxyridomucleie acid
synthesis, beoane labeled as the result of a loosl breakdown of
radiolabeled lymphooytes acting as trephoeytes of desoxyriboe
nusleic aeid. H1ll and Drasil (1960) injeoting P2 labeled
thymocytes in lethally irradiated mice were sble to demonstrate
labeling of the thymus, spleen, bone marrow, liver, kidney, and
duodernm cells. However, more than half of the radloactivity

of the injected cells was not in fully polymerized desoxyribo-
nuelsle acid, but rether in acid-soluble compoundis. Therefore,
the possibllity exists that the labeling found in the reoipisnt
animals may have originated from compounds other than dsgoxyriboe
mislelo acid. In contrast to the work of Desnois and Balis (1954),
[rentioned earlier, in which they could not demonstrate the re-
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utilization of desoxyribvomucleic acid by inmplanting & sarcoma in
mice which were labeled with ndenine-8-C'%; Rieke (1962) demone
strated the laheling of sarconms cells transplantsd to host anie
mals which were previously labeled with ¢ritiasted thymidine., He
algo damonstrated the labeling of sarcoma cells by the adninie
stration of tritiated thymidine labeled lymphooytes into tumor
bearing animals, "leke attributes the lack of rediolabeling in
Deneis and Balis' experiments to the use of a rediolabeled come
pound too low in activity. Rieke made a vory significant obser-
vation, in that he was abls to demonstrate that more colls may
be labeled with s heavier labsl when polymerized tritiated thye
midine labeled desoxyribonucleic acld was administered to o
olplent animals as compared to rediolabeled desoxyribomuclele
acid which wes ninty-five percent depolymerized or hydrolyzed,
These observations sppear %o demonatrete that desoxyribonuclelios
acid and possibly its metabolitaes oan be reutilized; which
appears to place some doubt on the finality of the eonclusions
mede by Cronkite, ot al (1959), Potter (1959), and Dancies and
Balis (1954) with regard to nonmreutilization of desoxyriboruclele|
aclid and ite metabolitos, ‘
Bunting and Huston (1921) conecluded that, in the albino rat,
the grest mmber of lymphoeytes and thymocytes produced dailly
are eliminated from the intestinal tract. Though this obserw
vation may be true to some extent, it cannot account for the
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disappearance of the great muber of lymphooytes from the blood
dally. However, it is normal for rabbits and rodents to preeciice
coprophagy (Barki, et al 1949), 8o that sotually the trephoeytio
coneept 1s stlll maintained in this instance, Kelasall and Crabdb
(1959) state that by practiocing coprophegy, a naturel source of
ingreased amounts of Bwvitamins, nueleic roids, and mucopolye
saccharides derived from bacterdal action and the desintegration
of baocteria in the stomach and intestines is made available to
rodents,

- Among the major proponents of the concept of the gross re-
eireulation of lymphoeytes are Oowans (1957, 1959a) and Mann and
Higgins (1950) who, becsuse there is a progressive decresse in
thoracic &uet lymphoeytes, as determmined by camnulation of the
thoracie duct and an observation on the low rate of lymphoeoyte
formation, propose essentially that the major percentage of
lymphooytes must recireulate, and therefore, reutilizstion of
desoxyribomiclelic aocid is untenable., However, the rate of lyme
phoid setivity appesrs to0 be quite adequate as indicated earlier
in the observations of v.Euler and Hevesy (1942), Andressen and g
Ottesen (1944, 1945), Andreasen snd Christensen (1949), Further,
lymphopenis has been observed by Andreasen and Gottlied (1947) to
persist for several days as a result of operative prwca&ﬁrea.
Gowans, Mann, end Higzins' animsls were restrainsd in a Bollman
(1948) cage in which they did not gain welight or lose weight and
were likely to be under astress. loss of weight or lack of weight
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gain were considered to have no effeot upon tha output of lymphoe
oytes by Gowans (1957, 1959a) and Mann and Higgins (1950), How-
ever, Reinhardt and Yoffey (1956) and Andrsesen (1943) have made
several significant observatlons, especlally the lator investi-
gator, on the profound depressing effaects of stress and inanition
on lysphoeytio proliferation.

The migration of lymphooytes and thymooytes to variocus
tlssues appears to be varlable, depending on the source of the
oells in question. Radisactive phosphorous labeled thymooytes
spparently have a predeliction for the spleen, vhile radiolabeled
lymphooytes scemed to bo eoncentrated in bone marrow (Fichtelius
1958a, 1956b) « Both lymphooytio and thymogytie activity could
be looated in the liver. Diderholm and Fichtelius (1959) using
272 1abeled aells, observed that some lymphoaytes and much thymoe
oytie motivity was apparent perifollioculariy in the spleen,
though only lymphooytic activity was noted in the intestinal
lymph nodes. Flohtelius and Diderholm concluded that for some
unknown reason, thymooytea and lymphooytes ars trested in
different ways by the reeciplent animale.

By using the vital stain 3«6 diaminoe-iO-methyleseridinium
hydochloride {asridine orange), which has an affinity for
mioleoprotelin, to lebel lymphooytes, Farr (1951) observed locale
1zation of labeled lymphoeytes in bone merrow, thymus gland,
mesenteric lymph nodes, sppendix, Peyers patches, and spleen.
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The further observation was made that those lymphooytes in the
bone marrov appearsd to be tranaformed into myelooytes; nc erye
throld precursors or macrophages were observed to be labeled,
nor was a significant mmber of labeled lymphooytes present in
the blood after ninety minutes. One may be inclined to feel

that perhaps the labeled myelocyles seen were in faet cells which
had $aken up stain either relossed or still fixed %o the nucleo-
protein of coytolized lymphocytee - from the work of Bleke (1962)
the latter alternstive scems most plausable.

Andrew and Andrew (1949) claim that there is no evidence to
indicate that lympmeytés which appear within the spidemmis
dogenerate, but rather these cella are transformed into ordinary
epithelial cells., However, Andreasen (1952) claims to have seen
lymphooytes dagenorating in the epldermis and states that this
is one of the dlspoasl areas for the lymphocytes of the body.
Though no suggestion was made that the desoxyribomiclelo acid of ‘
the cells, indreasen observed to be degenerating in the apldamu;,
may be in the process of supplying nmucleoprotein to some germine
ative oells of the epldermis, it is an interesting speculation,

The concept of amall lymphocytes being cells capable of
dedifferentiating into more immature and multipotential stem
cells was first formulated in 1D09 by Maximow and supported to s
considerable extent by Bloom (1938), Yoffey and Drinker (1939)
Kindred (1942), Farr (1951), and Dameshek (1963). However, doubt
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is placed on the validity of the concept by the work of Cttesen
(1954), Hamilton (1954, 1956), Trowell (1957}, Medewar (1957),
DeBruyn (1948), H11l (1949), Kelsall and Crebb (195%9), Schorley
snd Berman (1960}, R1ll and Drasil {1960}, Brysnt (1962), and

Meke (1962). Rather, the welpht of evidence appears to favor

the hypothesis of reutilization as opposed to dedifferentlation.




CHAPTEIR IIIl
MATERIALS AND METHOD

8ix, twentye-one day 0ld male albino rats of the Sprague
Davley strain were used. The animals were littermates and were
maintalned in wire bottom cages. The ears of all animals were
notched in order to identify the animals (Billingham and Silvers
1961).

Two animals were solected as reciplients and four animals
were selected ma donors. The donor animals received dally intrae
peritoneal injections of tritiated thymidine (sp. sct. 1.90/m¥)’
at the rete of lyo per gram body weight, for eight days. The
total administered dosage of tritiated thymidine was 0.80 me for
three donor animals and 0,70 me for one donor animal, the Aiffere
ence in dosage beling due to differences in total body welpght.

| After elpght days of tritliated thymidine injsctions, one
donor animsl at a time was anesthetized on the ninth day by means
of ethyl ether inhalation, The spleen and thymus zland were ree
moved immedlately by way of & mid-line ineision through the skin,
abdominal musculature, and sternum. A sample of the spleen and
thymus, spproximately one millimeter thick, was obtalned, placed

Yobtained from Schwarz Bioresearch Incey Orangeburg, N. Y,
17
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on a small square of paper appropriately labeled, and initially
frozen for ten seconds in liquid 1sopentane which was chilled to
approximatel -190°C. by means of liquid nitrogen. After a ten
seocond interval in lsopantane, the tissuss were transferred to a
plastic tube containing liquid nitrogen which was placed in a
fresso-drying apparatus2. The tissue samples were maintained in
the freeze-drying apparatus for fifty days at -30°C. under a oone
stant high vaocuum and dehydrated by means of phosphorous pente
oxide, After obtalning samples of the spleen and thymus, as ine
dioated asbove, the remainders of these organs were placed in
separate flasks containing chilled Hanks solution and meintained
at 20%C, in a refrigerator. One-half cublc contimeter of blood
was withdrawn from the right ventricle of the heart into s
heparinized syringe. Blood smears were prepared and the remsine
der of the blood was subjected to the freese-drying procedure
indlcated above. Thin slices of the following tissues were obtaln
ed and subjected to the freeze-drying prosceduret lung, testes,
liver, kldney, tongue, oral mucosa, sudbmandibular salivary gland,
intestinal lymph nodes,; bone marrow, and cervical lymph nodes,
After the four donor animals had been sacrificed asnd the
necesssry samples obtalned and treated as indicated, the four
thymus glands wers macerated together through a monel meatal sereen|

aﬂu&aon Bay Coe, Model 4025 Freeze-Drying Apparatus
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with one hundred and fifty grids per square inch (figure 1)
with an angulsted spatuls according to the method of Erakower
and OGreenspon (1951). Buffered nommel saline (pH 7.3) was
added to the macerate to obtain a homogeneous cell suspension,
fmears were made of the cell suspension and one-tenth cuble centi«
meter was subjectsd to the freefe-~drying procedurs. A cell count
was made of the cell suspensions, utilizing a hemooytometer. The
remainder of the thymus cell suspension (502,500 cells) was ine
Jected intraperitoneally into s reciplent aninmal.

The ssme procedure was followed for the spleens of the four
donor animals as was followed for the four thymus glends indle
ostod above. However, the spleen cell suspension (19,305,000
ecells) was injected intraperitoneslly inteo a different recipient
animal.

FIGURE 1  Monel metal screen and fram used to prepare thymus

snd spleen coll suspensions,
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The two reeclipliont animsals were sacrificed seventy-two hours
aftor receliving thelr respective injections of thymus end spleen
cell suspensions. Tissue samples of lung, testes, 1ivaé. kidnay,
tongue, oral mueocss, submandibular salivery glend, thymus, spleeny
intestinal lymph nodes, bone merrow, cervical lymph nodes, and
blood were removed and subjected to the freeze-drying technique
a8 indicated,

Smears prepared from all cell suspensions and blood ssnples
wers alr dried and fixed in absolute methyl alcohol for forty-
Tive minutes, All other tissue samples were freeze-dried as
indicated, embedded in paraffin, and sectioned at three to six
nicrons, Autoradiogreama wers prepared of both tissue aseotions
and smears, using Kodak NTBJ liguid emulsion essentially zceorde
ing to the method of Joftes (1959}, After the autoradiographle
emulsions were oxposed for four weeks, they were developed,
washed, fixed, and stalned with hematoxylin and eosin. Staining
was deferred untll after the development of the autoradiographie
emulsion in order to eliminate leeching out of stain from the
tissue sectlions.

Upon exanination of the sutoradiograns, thogse slides or arcad
which were obviously high in backgrouhd grain counts were dise
regarded, All observatione were made at one thousand magnifie
ocations using an oil immersion lens, snd significantly labeled

repregsentative cells were rasorded by mesns of photomierographs.
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The eriterie upon which a cell was considered labeled was based
essentially on the technique of Bryant (1962) which suggests
that any miclel with more than two grains could be considersd a
significantly labeled cell, provided the background was not
greater than one silver grain per cell,

The total grain count in five representative scellular
fields was recorded for each glide examined, and the totsl nume
ber of cells in five representative fields was also recorded.

The background greln count was determined by dividing the avere
age mmber of grains in a representative high power field by the
average mumber of cells in a representative high power field,

The bagkground grein count por cell was then arbitrarily further
inereased by one hundred percent to compensste for chance false
labeling of cells (Bryant 1962), Therefore, any cell having e
grain ocount higher thal this value eould be considered a sipgnifi-
cantly lsbeled cell. The background grain counts on the slides
seleoted for study were on the order of sixty to ninety greins
per high povwer fleld; occasional autoradiograms contained as few
as forty background gralns psr high power field. In those areas
whore the caleulated grain count, st which a cell was conesldered
labeled, was below one or two grains - the mmber was arbitrarily
gel at three greins to further obviate the chance of false lebole
ing of cells. Cells having three grains por nucleus, with a one
grain per cell background, may be regarded as significently labele
ed according to Pele (1959), Cronkite, et al (1959), and Bryant
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(1962),

The percentage of radiolabeled celles in the thymus and spleen
cell suspensions was determined by counting the number of radios
labeled cells per thousand cells.

Guantitative redlologic assays were performed on all samples
obtained from the reciplent animals and from one ropresetative
donor animal. A4 Nueclear Chicago Liguid Zeintillation 701 System
was used in conductliong the assayss The efffclency of the systen
had besn found 4o be eighteen percent. The glasue sample Yialsg
had & low potassium content in order to mininmize the affect of
naturel rediosoctive potassium (X&ﬂ)n Two milligran samples were
welghed directly into the sample vials, using an analytioeal
balances 411 samples wers brought into solution by means of
one-~half milliliter of a2 one molar solution of hyamine hydroxlde
in methanol® at 60°¢. for forty~rive minutes. After the sample
solutions had cooled to room temperature, fiftesen mililliters of
a seintillating solubtion was added to each counting visl. The
snintiliatar solution was composed oft (1) 2-5~diphenyloxazole
(PP0)” 0.60 fas (2) peblo={(2-5«(phenyloxazolyl))) benzene
(rs?ey)s 10 mge, and (3) toluene 500 ml, The data and gate
voltages were seh &b 1225 volts and 1325 volis, respectivelys

channel | was set at Base to Ly at eight volts., The room

3*“@btained from Muclear Chiocago 0orp.s DesPlaines, Ill,
5 onteinea from Packard Instrument Co., LalGrange, Ill.
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tenpersture ﬁuring»th@ counting procedure was 19°C, and the
sanmples were chilled te 3°C. Ten one ninute counts were nede on
each sanples 70 determine the internal quenching efrect the
sample solutions may have had, twoeone-hundreds of a milliliter
of standardized tritiated toluanaé, acting as an internal stahe
dard, was added to each counting vial and the samples wWwere again
resounted. The relative disintegration rate per minute (dpm) of
the samples was determined asocording to the following equation
(Hayes 1956, ULavidson and Felzelson 1957) which takes into
acoouny internal quenching and internal standardss

Disintecration
rate of sauple

~ {sample count rate)

¢! nal stendsrd)
aiﬁxntagratian g
rate

5“Bzan&arﬂ Source Compound” obtained from Packard Instruments
Company, LaGrange, Ill. |




CHAPTER IV
EXPERIMENTAL RESULTS
The extent of radiolabeling of donor animals receiving Yve
of tritiated thymidine (sp. act. 1.9 o/mi) per gram of body welght|

deily for elght days, is demonstrated by sutoradiogrems of some
representative tissue sections in figure 2.

¥
—

B. Spleen

FIGURE 2 Some representative examples demonstrating the extent
of radivlabeling found in the donor animals, =x1000 H & =

24




Ee Oral Mucoss | Po Tongue
FIoURE 2 (contimued) Some representative examples demonstrating
the extent of radlolabeling found in the donor animals, x1000
Hé&BE
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Gs Bmell Intestine He Submandibular Sellivary Gland

Frouss 2 (contimied) Some representative examples demonstrating

the extent of rediolabeling found in the donor animsls. x1000
H&E
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| Xam smonstrating the extent of redioe
labeling among the thymus snd spleen cell suspensions which
were prepared from donor animels, and injected into reciplent
animals, are shown in figure 3. The intonsity of labeling
generally appeared somewhat less smong thymooytes as compared
te spleen cells.

Spleen Cells
FIGURE 3 Representative examples of radiolabeling of the spleen

and thymus cell suspensions prepared from donor animels receliving
fpo of tritiated thymidine per gram body welghty dally for eight

deys. x1000 H & E ‘
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TABLE ¥ The relétiva radioactivity and percentage of rediolabeled
celles of the thymus and spleen cell suspensions prepared from
donor aninmals recelving 1yc of tritiated thymidine per gram body
welght daily for eipght days.

PRI " »
- Percentage of
Cell Suepensions | 2 mg. 4ry welght radleolabeled
sample cells
Thymus “ 3710 32
Spleen 3886 53

% dpm: disintegrations 9er»m1nn€a

The following 1s a list of tlssues observed in reciplent
animals which had recsived injection of radiolabsled thymus and
gpleen coll suspensions. The e¢ell suspensions had been prepared
from donor eanimals whioh had received 1,0 of tritiated thymidine
per gram body welght dally for eight dsys. The recipient animals
were saorificed seveniy-two hours after receiving radiolabeled
ecsll suspensions.

Spleen and intestinal lvmph nodest Frequent heavily labeled

cells were observad in the spleen and to a lessor oxtant in intese
tinal lymph nodes of the reciplent animal receiving radioladeled
spleen cells (figure 4 C, D). In contrast, the spleen and ine
testinal lymph nodes of the recipient animal receiving radioe
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labeled thymus céll# demonstrated both fewer labeled cells and a
lover mmber of grains per cell (figure 4 A, B). The majority
of labeled cells in the spleen and intestinal lymph nodes were
observed perifollicularly. The intensity of the radiolabel
appeared o be in & range compatible with labeling observed in
the injected rediolabeled cell suspensions (figure 3). No morpho-
logleal differentiation between donor and reciplient cells eould
be made.

Ihymus and gervical lypoh nodest The thymus snd cerviocal
lymph nodes in both recipient animals, recelving thymus or spleen
cell suspensions, showed no evidence of elther heavily or fre-
quently labeled cells (figure 5). The labeled cells were found
%0 be in the cortex of the thymus and perifollicularly in the
cerviocal lymph nodes, No morphologie differentiation between
donor snd recipient cells gould be made.

iangs A low frequency of falrly heavily labeled cells was
observad in the lungs of both reclipient animale receiving radioce
labeled thymus and spleen cell suspensions (figure 6). Those
eells which appeared labeled were found within the walls of the
alveolls The labeled cells often appeared to be macrophages,
though frequently one sould not definitely differentiste, on a
morphologlcal basis, between maorophages, lymphooytes, or thymoe
eyben.
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FIGURE 4 Representative examples of the spleen and intestinal

1ymph nodes of recipient animels recelving thymus (A, B) and
spleen (U, D) oell suspensions. =x1000 H & 2




b1

B Cervicel Lymph Node D
FIGURE 8 Representative examples of the thymus and cervical
lymph nodes of recipient animels receiving thymus (4, B) and
spleen (C, D) cell suspensions. =x1000 H & E
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‘nww 6 Representative examples of labeled cells within the
alveoll of lungs of recipient animals receiving radiolebeled
thymus (&) end spleen (B) eell suspensions. =x1000 H & &

Bone marrowt In both reeiplent animals recelving labeled
ymoeytes and spleen cells, the bone marrow demonstrated a few

low level labeled hemooytoblasta (figure 7). No other labeled
ecell types appeared to be prasent in the sections examined.

Tostest Labeled secondary spermstocytes were found in both
reciplent animals recelwing radlolsbeled thymus or spleen cell
suspensions (figure 8 A, B)s No other sell types were labeled
except in the tunica of the testes of the reciplent animal ree
eeiving rediolsbeled spleen cells (figure 8 C, D). Within the
tunica of this reciplent animel, there were heavily labeled
lymphooytes with the same intensity of label as that observed in
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the radioclabeled splﬁan gell suspension (figure 8 D). A fow
aignificantly labeled cells, which appeared to be fibroblasts,
were also seen in the tuniea of the testes (figure 8 C, D).

FIGURE T Tfepresentative examples of lebeled hemooytoblasts in
the bone marrow of reciplent animels receliving radiolabeled

thymus (&) and spleen (B) cell suspensions. =xz1000 H & &

ldver and kidneys Liver cells and kidney tubule ecells in
both reciplent animals were found to be significantly labeled
(figure 9)« In the sections observed, no cells were labeled,
other than liver parenchyma cells and kidney tubule cells

fongsye and oral mugesat A few significantly labeled cells
ware observed in the epithelium of the tongue and orsl mucoss
(figure 10). The labeled cells were in the low prickle eell

layers Similar observations were made in both reeipient animals

N

iy




receiving radiolabeled thymus and spleen cell suspensions,

Intestinal mugogat Occasional cells of the intestinal
mucosa were found to gontain a low level label (figure 11). The
frequency of ladbeled muoosa cells appearsd to be equal in both
recipient animals receiving rediolabeled thymus and spleen cell
suspensions.

Sutmandibular galivary glend and bloodt Nelther of the
recipient animals recoiving radiolabeled thymus and spleen oell
suspensions demonstrated any significant labeling within the

submandibular saslivary glands or blood. No components of the
radiolabeled cell suspansions were obsorved in eithsr of these

tissues.




eyte, Fi fibroblast, and Lt laebeled lymphooyte.

FIOURE 8 Representative examples of labeled secondary spermatoe
oytes {4, B) within the testes and labeled fibroblasts within
the tuniea of the testes of animale receiving rediolabeled thymus

(A) and spleen (B, C, D) ecell suspensions, Si secondary gpermatow

%1000 H & Z




B Kidney B D
FIGURE 9 QRepresentative excmples of labsled liver cells and
kidney tubule eells in recipilent snimals receiving radiolabeled
thymus (A, B) snd spleen (04 D) cell suspensions. L3 labeled
liver cell, T4 labeled kidney tubule celle =x1000 H & &




B Oral Huoossa
FIGURET 10 Representative examples of labeled epithelial cells

in the tongue and oral mucoss of reciplent snimals receiving
| radiolabeled thymus (A, B) end spleen (0, D) cell suspensions,
21000 H & E




FIGURE 11 Representative examples of labeled intestinsl mucose
eolls in vecipient animals receiving radiolabeled thymus (A)
and spleen (B) cell suspensions. x1000 H & 5 :
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FIGURE 2 The relative radioactivity observed in tissuee of the
donor and recipiont snimals.

Radioactivity (dpm)* int
Reelplent animalp®*® recelv
’ BUBDONBIONS OF

Tissue

Donor

# ¢t dpmt dlsintegrations per minute

#% ¢ donor animals receiving lpc of tritiated thymidine per
graa of body welght dally for eight daye

#4% § reciplent animals which had received injections of the
radiolabeled thymus and spleon cell suspensions indlested
in table 1 and sacrificed seventyetwo hours after receige
ing the injections




CHAPTEIR V
PISCUSIION

The apparent ease with which tritiated thymidine may be ine
sorporated within eslls, and its apecificity for dessoxyribomiclelc
acild of the nucleus, is demonstreted by the very high intensity of
radiolabel ocbserved within the tissues of the donor animals (fige
ure 2) - these observations support the wori of Friedkin, et al
(1956), Amano, et al (1950), and Cronkite, et al (1958, 1959),

Watson and Criok (195%) have shown that thymine is one of
the four bases making up desoxyribomucleic neid. PFriedkin, ot al
(1956) demonstrated the specificity of tritiated thymidine as a
desoxyribonucleic acid presursor, If an animal receives an ine
Jection of eolither & thymus or spleen ecell suspension vwhich has
been radlolabeled by meens of tritisted thymidine, and gertain
other cells of the reciplicent animal becoms rgdiolabelsd; the only
apparent source of radioactive material for this new radiolabeling
must be the labeled desoxyribonuclelc acld of the thymus and
spleen cell suspensiona, Since desoxyribonuclelic aclid is metae-
bolically stable once formed within the mucleus of a cell (Hughes
1959), the only explanation for new radiolabeling in the reeipient
animal 1st (1) a dedifferentiation (Bloom 1938, Yoffey and Drinker|

1939, Farr 1951, Dameshek 1963) of some cells of the radiolabeled
40
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cell suspension or thelr progeny into multipotential stem cells
and then redifferentistion into another cell type, or (2) the
reutilization {Ottesen 1954, Hemilton 1954, 1956, Trowell 1957,
111 and Drasil 1960, Bryant 1962, Rieke 1962), by cells under-
going chromosomal replication, of radiolabeled desoxyribonucleic
acid released upon oytolysis of labeled cells in the injected
radiolabeled cell suspensions, or thelr progeny. adioactivigy
and labeled cells were in fact obsmerved in various tissuss of the
reciplent animal (teble 2, figures 4 to 11) by mesns of a liquid
socintillation counter and sutoradiograms.

Fo attempt was made in this study to support or disprove the
hyrothesls of dedifferentiation of lymphcid cells and their
subsequent redifferentlation into sncther cell type. However,
for the sake of completeness, s few commants will be made with
regard to this hypothesis., It appears that smerious studies deale
ing with dedifferentistion and redifferentiation have besn oonhe
fueted 4n the mein within the confines of lymphoid and myeloid
tiasues,

In this study radlolabeled lymphold and myelold ocells were
only obaerved within ths recipient animals in the spleen, intete
tinsl end cervical lysph nodes, thymus, lung, bone marrow, and
tuniea of the testes (figures 4 to 8). All the lsbeled oells,
in the tissues maentioned above, appeared to be morphologically
sinmilar to those cells found within the injected rediolabeled
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cell suspensions, and possessed the same range in grain labeling
as the radiolabeled cells of the thymus and spleen cell suspenw
glonses On this basis no rediflferentiation of cell 4yves could
ba obgarved or supportad. Yhat one is probably observing in
these tissues 18 either the presence of cells of the injected
redlolabeled eell suspensions and possibly thelir progeny, or the
reutilizetion of redlonuclesotides by other lymphold cells underw
going chromosomal replications Both of thene possibllities
probably occured, but the data obtained from this gtudy, with
rogard to the tiszaues mentioned above, cannot substantiate this
assumption.

labeled thymocytea and lymphoeytes were observed in the
goleon and intestinal lymph nodes. In comperisen, Fichtelius
(1958a, b, 1959) observed that P52 labeled thymooytes hed @ pro=
dilection for the spleen and liver while labeled lymphoeytes mey
be found in the bone marrow and intsstinal lymph nodes in addition
to the spleen and liver.

Radiolabeling appeared within scme secondary spermatooytes,
liver cells, Midney tubule colls, epithellum of the tongue, and
orzl and intestinal mucosa cells of the reeclplent animals (fig-
urze 8 to 11), Oince only radinlabeled thymus and spleen cell
suspensions were inlectod into the recipient animals, the radio=
labeling observed within the above mentioned cell types could
only be derived from radlolabeled desoxyribonmuclele acid found
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in the injected labalad cell suspensions, Since tritiated thye
midine 1s a specific precursor of desoxyribonucleic aseild, and
desoxyribonuclelic acid is metabolically stable, nucleie scids
must have been released upon the cellular catabolism of the
radiolabeled cell suspensions, The released lgbeled desoxyriboe
miclele acid may then have been incorporated within those cells,
mentioned above, which were undergoing chromosomal replication.

The radlolabeled desoxyribonuclelc acld may have besn ree
utilized in a depolymerized or partially polymerized stage. Ko
comparative observations were made 1n this study on the efficacy
of radioclabeling using polymerized or depolymerized labeled dese
oxyribomiclelc acid. However, the appearance of & substential
label over the nuclel of some apparently newly labeled cells of
the regipient animal leads one to speculate that either this
radiolabel 13 due to the reutilization of fregments of polymerized
rediolabelad desoxyribonuclele acld, or a concentration of doe
polymerized rediolabeled desoxyribomiclelo acid from the loeal
oytolysis of labeled cells near cells undergoing chromosomal
replieation, or both. Rieke (1962) demonstrated that more oells
may be labeled with a heavier label when polymerized tritisted
thymidine labeled desoxyribonucleic acld was made avallable to
growing sarcoma cells as compared to depolymerized radlolaheled
desoxyribonuecleic acld,

Upon exanlining the gross radloactivity of the thymus and
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spleen cell suspensions with a ligquid scintillation counter, 1t
was found that the activity of the two cell suspensions was
approximately equal (tadble 1). However, upon exsmination of
autoradiographs of the cell susponsions, thirityetwo percent of
the thymis cells appearsd labeled with a somewhat less intense
label than that observed among the spleen cell suspsnsion (fige
ure 2) in which fifty-three percent of the cells were labeled.
This disparity in valuss between the liquid secintillation coune
tor and sutorediograms is perhaps due t0 one or more of several
factorst (1) the intensity of radiolabel among some of the thymoe
oytes may not have besn adequats %o activate the ail}ver hallde
grains in the sutorsdiogrephic emulsion, (2) in the process of
preparing the call suspensions, some cells may have been crushed,
thus releasing visually indistinguishable radiolasbeled desoxye
ribonucleic acid fragmente which may have beoen is suspension or
solubilized, (3) a nonerepresentative fraction of the cell sus-
pension may have besn taken in the preparation of cell smears
(though this seems improbable, since the suspensions were well
shaken before samples were withdrawn), or (4) some unkmown humen
or mechanical error may have occured, It 1s most probable that
soms cells may have in faoct been labeled with a radiolabdel that
was not sdequate to sctivate silver halide graing of an autow
radiographic emulsion,

Ho significant visual labeling was observed in asutoradlograms
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in elither the submaniibular salivary gland or the blood of ree
¢iplent animals. However, upon examination of the two tissues by
means of a liquid seintillation system, a significant amount of
radiocactivity was ohsorved as comparsd to othsr tissues (table 2)
which had also exhibited positive sutoradiograms. Zither many
@olls of the blood end submandibular salivary gland were labeled
with 2 redioclabel not adequate to activate the silver halide
grains of an autoradiographiec emulsion, ar autophosphoresgence of
the solubllized tissues may have oceured, or both. Autophose
phoregscence of course would sotivete the fluors of the sointillate
ing solution and cause false poeltive radloectivity in the liguid
seintillation sounter.

The results of this study sppesr to support the hypothosis
that desoxyribonuoleic acid made avallable by caetabolism of cells
may be reutilized by other eells undergoing chromosomal replie
eation. The somewhat dogmatic stetements by Potter (1959), Dancis
and Balis (1959), and Cronkite, et al (1959), which ie eccepted in
some of the current literature as to the nonereutilization of
degsoxyribonuclelo aseld, $8 questionable in light of the results
of this study. Thourh purines and pyrimidines ney be degraded
upon reaching the liver via the voacular system, they Bay certaline-
1y be readily avallable for reutilization upon cytolysis, prodbebly
in the relative proximity of other cells undergoing chromosomal
replications In which cace, the free desoxyribonuelsic sclid would




not reach the liver,.

This hypothesis goncarning the rsutilization of dssoxyriboe
nuclele gold is aupported by the obsorvations, mentlonsd earlier,
of Cttesen (1954), Hamilton (1954, 1956), Trowell (1957), lMedawar
(1957), DeBruyn (1548), H11l (1959), Kelsall and Cradb (1959),
Hill and Drasil (1960), Schorley and Berman (1960), Bryant (1962),
and Rieke (1962),




CHAPTEZR VI
SUIDMATY A1) CQUCLUSIOnS

Cell suspensions of thymooytes and spleen cells Were pree
pared from donor animals receiving ipo of tritisted thymidine
(8p. act. 1.9¢/mM) per gram body weight, dailly for eight days.
The cell suapensions were injected intraperitonealy into reoipi«
ent animels which were saorificed saventy-two hours latsr,

fadloactivity and radiolabeled cells were observed in
various tissues of the reciplient animals by means of & liguid
seintillation counter and sutoradiocgraphs. Aadiolabeling was
obzerved, in the reclipient aninmals, over cell types which were
not found in the radiolabeled injeeted cell suspensions prepared
from the donor andmals. It was oconeluded that the source of this
radiolabeling in the recipient animals, over eells other than
those injected, was derived from radiolsbeled thymocytes and
lymphoeytes of the injected donor oall suspensions, which upon
oytolyais released thelr desoxyribomucleic acld which was re-
utilized by other cells undergoing chromosomal replication,

Although reutilization of nucleic acld has been definitely
demonstrated in this study, the magnitude of this source has not
been determinsed. Therefore, extensive quantitative observations

are clearly indicated.
47
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