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STUDIES ON THE MOST PRIMITIVE PRECURSCR CELLS OF THE HEMOPOIETIC SYSTEM
. Abstract

~ David H. Y. Lin

The colony forming unit (CFU) as assayed by the spleen colony technique

'i§'be11e0§d5to:be ;hé mosﬁ'primiti?e precqrsorﬂcel1‘df'the;heﬁopoie;ic

sfstem;}:Curfent’evidehce sdggé;té‘thaf the CFU is‘;he:pngenitOr cell
of the granulocytic, megakaryoéytic; é;yth;oid and éérhépsnlyﬁphoid
ééll'linés. ‘it'is the pﬁrpose'of thesévstudies to elucidate the
regulatbry mechanism whichlgoygrqvﬁhe prblifefétion of the CFU,

The suicidal H3-thymidine method was used to assess the proliferative

_state df'CFU iﬁ‘the’hémOPQietic’tissuéS‘étddied. ‘Ihe experiments wefe‘

designed to examine the poSsibility of a circulating humoral agent

which'reéulatéd the CFU population.

 Resu1fs from the stud§ using partially irradiated and parabiotic mice

suggest_the pﬁesencei¢f a circuléting humoral agent which exerts its
effect by altering the pfolifefative state of the CFU population. The

changes in the'proliferative’staté of the shieidéd CFU bopﬁlatidn are

" detected as early as two hours after any decrease occurs in the total

CFU population and seem to persist as long as anygdecfease remaiﬁs, The
size of the CFU population is also increased in direct proportion to
the need fdr CFU,

Our_s;udies have alsb'suggested_a tempd:al pattera for the action and

release of the circulating hﬁmoralvégent.v Its effect isvmosé pronounced.

on the1iﬁitial'dajszélIowing irradiation, The_actidn and release of.
this humoral agent aré-de:ected as long -as the EFU population'ié depre-

sseds It is suggested that'anyvchange in'thelfotél CFU popula;iqh may
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"bring'ébgut1ﬁhe7ié1ea§e;éf thg'humoral.égént;

* The agaf'cbloﬁy_fqrming pﬁi; (ACFU)‘pqpﬁlétion which gives'risevﬁq.visi-
ble'¢ql§nies whgﬁ_¢u1£U;ed_12 xigigvin'a semi-sblid'agar medium’héé
_5150 exﬁmiﬁed. The results shbw é'consisteﬁt difference in:pféliferative

;.sﬁapes_of FheICFU aﬁd;ACFU popuiationstbeforé_aﬁd following if:édiation.
This obserétioniéﬁéﬁorfs thé»bbnéept_of'funétioﬁé}l&'and pH&siélqgi;

 cally é‘ep,argte CFU and-ACFU populations..
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"INTRODUCTION -

Iﬂibfderlto maintain the.steady étate of tﬁe hemopoietic systeﬁ the.
%dve@enﬁiof-mature aﬁd,functioﬁing cells into the'blood stream muét'be
baianced*bybcofreSandiﬁg infiﬁx}pf cells into the précufsbr;éell pools.
These inéomingxpluripotential cells have béen termédv"hemopoiecic.Stem |
céllg";  > . |

Though the ?oncebt»of a Hemopoiétic stem cell is;widéiy aééepted’as é
wofkinévhypdthésis, its ﬁorpholégicalﬁideﬁtity_is'still unkhown;'Investi-
~ gators ﬁsiﬁg moréhoiogical érite?ié-t¢’define-the sfem éall.haQe'suggested.:
t.;hat:t:}.ie”c;ell has tﬁé‘morphologiéal cﬁaracteristics'of a lymphocyter
v‘and that the steﬁ'céll may be derived frbm thg lymphoid line (Yoffey,
'-1960,v1962), However expéfimentéfshbwihg.the féiiure of iyﬁphocytes or
lymphfnddéicells_to'pfbmoté‘érythropbiesis:or_bonfer protectibn after
irradiation.(Goodman; 1965} Campbellfand Ross, 1951) togeéher'with the
pbséryétion_that lymph nodé cells cannot repcpﬁlate the béne marrow
éfter irrédiatibn (Miéklem,'g& al, 1966) seem to exclude the étem cell
ffdm the_iymphoid cell liné.'It_is perhaps due to the fact that thesév
"étemfgells" coﬁstituté}sﬁch'a smali minority of the cells 'in the hemo-
pﬁietﬁgftiésue that @heit'morphological characterization is understaﬁd-
ably difficult. | | | | -

: Diréét_quantitatidn of the étém ceil did'not-occur unti1 the advenc of
the spleen colonyngechnique dévelopéd by tesearchers'in,Toronto. By"’
studying the nodqles,déveldped on’tﬁe spleen.of ir?adiated'mice on aay;
7;11:after-ﬁraﬁsblaﬁ:ing an inOcﬁlum~of syngenéic hemopéiétic céllﬁ.
(e}g.'bonéﬂmarrow cellé) tﬁey_demonsﬁrated that the cells résponsible
for the formation~of the nodules wére closely related or ideqtiéal to

the so-éélled 'hémopoietié stem cells postulated by early workers,



The Spleen Colony Technique and The Hemopoietic Stem Ce11

_Theearly pioneers of the spleen colony technique reiered to the cell(s)
~which gave rise to~the colonies as colony-forming units (CFU). In.order'
to establish the CFU as the primitive precursor cell (the hemopoietic
stem cell - HSC) it ‘was necessary s ‘first of all to establish that each
spleen.colony did arise from a single Cell namely the HSC. Indirect
experimental evidence that suggested the clonal nature of the spleen

colonies was firstly, that graphs relating the number of spleen colonies

to the number of nucleated marrow cell: transplanted were linear and the

intercept'at~zero; and secondly, that the radiation survival curves-are
‘quite similar to those obtained for single cells in<cultures'or-tumorf
transplants (Till and McQulloch, 1961;.McCulloch and Till, 1962), More..
direct evidence has been~provided Byvthe'use of cytological techniques;
‘Becker; McCulloch and T4l (1963) have showed that all the metaphase
cells within colonies‘possessing'an abnormal karyotype, more than'éo%
of them contained the same abnormal karyotypeifﬁeIShons (1964), Wu et
al (1967); and Chen and Schooley (1968) have provided further evidence
for'thedclonal'nature of the spleen colonies using stable chrOmosome'
markers.lﬁased on these experimental observations, it is the consensus
of investigators in.this field that the-spleen‘colonies are clonal'in
nature. | | |

In order for the”CFﬁ to be'regarded as the HSC‘it was of utmost impor-

tancesto‘establish that all CFU had the functional characteriStics of

the hemopoietic stem cells: they must possess the capacity of extensive =

proliferation, they must be capable of self-renewal and be able to dif-
ferentiatevinto all the blood elements (McCulloch, Till and SlmanVltCh,

1965). The:capacity,of the CFU'forvextensive proliferation~has been_de-.

¥



monstrated by the fact that after settling in the spleen the cells give

“.rise to colonies of more than 106 ‘cells w1thin a period of 10 days. The

self-renewal property of the CFU is demonstrated by the heterogenous
distributionlof QFU'amongethe spleen colonies and the 8rad9a1 inerease

in the'number'of CFU presentein the Spleen of irradiated and subsequent-"
ly transpl.ent_ed. animal (siminévich, McCulloch and T'il.l,” 1963).- Lewis and
Troubeugh“(19645 showedtthatnCells'frbm'individual colonies can give rise
to si@iléricoloniesluponhretransplantation. The differentietive capacity
of thefCFu’is‘demonstratedzby'their‘ability”to;give rise to colonies'Whicd;
contain a11 three types of hemopoietlc cells, as well as. colonles pre-- |
dominately‘erythroid, granulocytlc or megakaryocytlc. Although no colo-v

nies of lymph01d cells or macrophages were observed, recently Wu et al .

' (1968) Virolainen and Defendi (1968) ‘and Nowell et al (1970) suggested

_ that-these-cells are also descendents of the CFU or that CFU_and these

cells have’a_common_progenitor.

The CFUlSatisfies all the essential criteria of ‘a stem cell of the hemo-

.'poietic'system; But rigorous.proof of the CFU as the'stem cell is still

lecking:_ for instance;,invall the chromosome marker experiments, though
strongly suggesting a clonal nature of the spleen colonies, the p0551b1-
lity of the settling of two or more cells as a unit to form the colonies
is not;ruled out. Until_the morphological identity of the hemopoietic

stem cell and the colony forming cell(s) can be determined and each of

- their functional characteristics defined ‘we haVe‘only the spleen colony

technique to quantitate the behavior of some primitive precursor pool of

the.hemopoietic-system; ‘In other words, the CFU is perhaps the most pri-

' mitive’precursor cell pool of the heﬁopoietic,systeﬁ that we are able

to measure, So in the following text, the word CFU will be used to denote

a'populetion of cells whose behavior is quantiteted.by the spleen colony



' teéhniqde,twhich areprecufsofs of allﬁthe blood cells, and are perhapsi

identical to the.evasive,hemopoietic~steﬁ.cells..

The Colony Formlng Un1ts and Related Precursor Cell Populations

4The CFU is plurlpotential i.e., it w1ll under suitable enplronment or

- stimuli,differentiate into the different blood elements. Investlgators

| have been intrigued by the regdlatory mechanism which may govern the

v behavior:and/or detetqine the_differentiative route., Attempts have been
made to trace the id.enti’fiabIe blood cells back to the CFU by studying
the effects of various factofS‘or humoral agents on the maturation of
different blood elements and the CFU.
Red cell production has been,snown to be'regulated by a humoral agent,
erythtopoietin.(Jacobson et gl; 1957; DeGowen et al, 1962; Ga?cia and

| Schooley;'l§63; Schooley‘gg al, 1968). Aﬁ extensive review.of erythro-
poietin and red cell~productionvnas’been'given by Goldwasser (1966).
However, experinentslhaGe'sdggegted that erythropoietin does not act

'directly;on the CFU*popdlation-to:differentiate but on an intermediate

population; existing.between the:CFUvand the identifiable'erythroid'pre;

cursors, whichtis'now'termed the}"Erythropoietin-sensitive Cell (ESC)™
population.;The existence of this population of cells was postulated

initially after the observation of Bruce and McCulloch (1964) that the
wave of erythropoietic activity resulting,from prolonged.hypoxic condi-
tions was not: preceded but followed by ‘a decrease in CFU numbers in the

spleen. The idea of a separate ESC populatlon was further strenghtened

by Schooley (1966) who showed that the growth of CFU invspleens of irra--

diated plethoric animals was unaffected by the presence or absence of

‘erythropoietin. However,:inicontrast to the CFU, the ESC iS'unipotential’

v



&

and is dependent on the CFU population to replenish its numbers. Evidence

'_for this has been reviewed recently by Schooloy (1969)

Another CFU-dependent population that has been proposed is that which

gives rise to the granulocytic and monocytlc-macrophage cells.quantita-v

‘tion of these cells is achieved through an in vitro agar technique and

they.areienitably called the agar colony forming units (ACFU), Initial
observation of these cells and their ability to form agar colonies was
reported 1ndependently by Pluznik and Sachs (1965) and Bradley and Met-

calf (1966). Both laboratories described the in vitro method for cloning

' hemopoietie cells in soft agar over a feeder 1ayer of neonatalvkidney

cells or.embryonic cells. The colonies which develop are granulocytic
or'monoeytic'in nature anddat the‘time'of scoring usually contain SC -
ZQO celis; wﬁ et iE-(lééS);'uéing chrOmOSOme ma%kers3 Showedrtnetdmany.
individnai spleen:eolonies nere capable.of forming colonies both iﬂ XiXQ'
(CFU).énd'in Xitrgdand'thus‘demonstrated a close relationship between
the‘two precuréor~cell'populations. HoweVen‘Bennett g£_5£7(1§68) heve

snown that the CFU and ACFUFpopulations are separate, at least in the

genetieally-anemic_mice of the W series, Chen and Schooley (1970), based

"on recovery patterns after 200R irradiation, have provided further evi-

denoe”for the concept that these are-functionally’distinqt populations,
It has been,suggested'(Bennett EE al, 1968; McCulloch, 1968) that ACFU

are an intermediate.population between CFU and myeloblasts. Based on these

Studies andvthe fact that the ACFU population seems to be committed to.

theAgranuloCYtic or:monoCytic 1ines, the ACFU population can be classi-.

fied as a dependent stem cell population;

Regulation of the CFU population .

In thevsteady'state,.the generation-time of the CFU has been assumed to



be'relatiyely’long (40 hours); when the population is‘regenerating (e.g.

after irradiation) the estimation of its douhling time has been on the -

order.of»'zo'hours (Mc’C‘ulloch and Tl 1964), -

These observatlons have illustrated another property of CFU_which fits

the hypothe51zed hemopoietic stem cell - and that is the. CFU" population's.

ability to respond to varying demands of hemop01e51s. Becker et at
‘(1965) have suggested that one of the ways the CFUresponds1s by. varying
its cell cycle. ee.g8s-a shortened cell cycle in response to a greater
demand“fOr CFU. Lajtha ‘and co-Workers (1962 1964) have used another
model to explain the CFU- reponse to vary1ng hemopoietic demands. The .
model postulates that the CFU exist in two phy51010g1cal states some
; of the“cells‘may be in cell cycle-whereas'the-other*cells ex1st 1n a.
state of prolonged 1nterphase (the prolonged Gy or G0 phase) during
which they neither synthesxze DNA or undergo mitotic d1vi51on. The frac-
' tion of -cells that undergo division in any giVen period depends on the
current physiological demand, ‘and may be in direct proportion to that
demandsn
Whether the-CFUJpopulation{responds to a‘hemopOietic stimuli by:shorteng
- ing the'cellfcycleIOr'hy increaSing’the1fra¢tionfof the dividing popula-:

tion'will°be~discussediin'a'later‘section,=but it'is evident'that the

'population is governed by some regulatory mechanism. However,'the nature -

of the regulatory mechanism is not known.
Ford et al<(1966) observed that in a partially irradiated animal, trans-

o planted bone marrow cells 1dent1f1ed by marked chromosomes preferentially

COJonized irradiated portions of the skeleton ‘and lymph nodes. The marked~3

| cellsbpersisted almost_exclusively inzthe irradiated_limbs'throughout

. the period of obseryation whereas the cells which settled in the lymph




nodes were observed to migrate into the unlrradiated nodes and thymus.
The persistent graft within the marrow and the futile attempt 1n our.
labbratory (Schooley and'Chen, unpublished) to locate transplanted
marked cells within the marrow of normal unirradiated animals suggest
to'us thatithe Settling and_proliferation ofihone marrow cells may he .
regulated by the animal, | |

The nature of the regulatory mechanisms which govern the CFU- population
:is not known. Wolf and Trentin (1968) have proposed that the prolifera-
tion and subsequent differentiation of the CFU is- dependent largely
»upon'the’local‘environment.‘But preliminary studies by Knospe-gt_al
.(1969)‘have suggested the involVement of‘a'humoral factor which stimu-
lates the proliferation of CFU after 1rrad1at10n. The obJect of these
studies is to examine the nature of the regulatory substance which acts
upon the‘CFU population and to determine'the temporal patterns of‘this

action,



STUDY 1: REGULATORY MECHANISMS OF THE COLONY FORMING UNIT POPULATION

_In light of the humoral nature of the regulatory agent, erythrop01et1n,
’for erythr01d precursors and recent reports ‘on probable 51m11ar
"p01et1ns" for ‘other " hemopoletlc series (Rytomaa and K1v1n1em1, 1968,

1969 Evatt and Lev1n, 1969) it would ‘be- 1og1cal to examine whether

the CFU population may be 51m11ar1y regulated by a c1rculat1ng humoral B

agent.

It nas our working hypothe51s that the action of the humoral agent is
either to‘shorten-the-cell~cyc1e or'to‘induce mltosls in & greater y‘
fraction of- CFU. In either event, the end result would be a greater

number of cells entering the S phase of the cell cycle at any parti-

cular time and becoming susceptlble to the k1111ng effect of hlgh spec1- n

fic activity tritiated thymidine. Therefore throughout thls study ‘the . *

-suicidal thymidlne techn1que was employed to determlne any changes in

the proliferative state of the CFU population in hemopoietic tissues.




-MATERIALS AND}METHODS’

Animals 8 .- 10 week old LAF] (CS7BL x A/J) female mice were obtained
vfrou-Bar Harbour, Maine.;Ail‘animals were acclimatized,aod‘giveh'water
4'conraining-terramycin‘for a week in our animal.facilirres before use,
The:animals ‘used for.the“exPeriments were 12 - 16'weeksbo1d.“The animals
were - housed usually at- 5 mice per cage and given standard mouse feed '
(from Feedstuff San Francisco,‘Callfornla) and chlorinated water . ad
1libitum,
irradiation"'For shieluing experiments avZSOkv x-ray source-was used.
The unir was operated at 250kv and 15ma with.a_filtration of 0.5mm Cu
and_i.OmmrAl. Dose rates were measured each time before irradiation with
Victoreen.ionization chambers. Animals'werevaﬁesthetized each time with
a‘10%_sooium_oentobarbital solution (Diabutai, Draﬁond'Laboratory Inc.,.
'Des-Moines, Iowa) and placed on a.rotating”lucite diso‘directly under
rhe beaﬁ.-ShieldinngaS.aocompliShed by’usiog either a‘jacketvouer-the
tibra or coffin over the whole animal with.one limb protruding from a
prefaoricatedkhole in the coffin. Both the.jackets and coffins were made
from %" ieaa.'Efficiency.of the shielding wasxchecked oy periodic histo-
logieal examination of both irradiatedAand shielded limbs. Fb; irradia;

60 source was used.

tion of large numbers 'of animals, a 1500 Curie’ Co
Animals were placed in groups of 60 or less in a lucite‘container‘at
1.22 meters away from the source, Irradlatlon was accompllshed at a dose

rate of 26 6 R/mln.

Su1cida1 thymldine technlque high spec1f1c act1v1ty trltlated thymldine _

(> 18 Ci/mM) was obtained from New England Nuclear Corp. The solutlon
was adjusted to contain 0. 94 sodium chlorlde by addlng appropr1ate amount s

.ofosodium ohloride just prior to use.'Suitable allquots of the ;sotonlc



fritiated'thymidine:(Hgfthy)iwere addeduto'the.céll SﬁSpehsiens:prepared"

iﬁ“CMRL 1066‘medium'withOUt thymidine.or co-enzymes (GiBCO Califorhia)
;to give a final spec1f1c act1v1ty of 500 pCl/ml. The cell su,pen51ons
thus treated were gently agltated at 37° C for 30 mlnutes and prior to

-use, were e1ther dlluted at least 10 tlmes w1th Eagle's m1n1mum essent-

ial medlum (MEM GIBCO Callfornia) or washed and centr1fuged and resus-'

pended,in MEM;-AS aAcont;olgvan'aliqout of each suspens;on was treated
-with”normaltsaline'withogf’thyﬁidiﬁe; Cell counts were made on ellvéus-_

ﬁehSiOhsvpriof'to 1njection.v_

Preparation of parabiotic m1ce 8 - 12hweekﬁoid LAFi femele mice Were‘:;

1

paired by welght ‘and’ caged together 3 - 5 days before the operatlon. On
vthe day of- operation the animals were welghed agaln and’ anesthetlzed

‘with a’ 10% sodlum pentobarb1ta1 solutlon. The parabeogls technlque was-

" the. method of. Bunster and . Meyer (1933) modlfled by the use of wound c11ps

instead_of,skln suturee. Brlefly,vafter 1ntravenoqs-anesthe51a the ani-
'male;we:e'shaved.ahd metchihg shiﬁ=iheisiOﬁSJwete made’aleng the right
flank of”dne.aniﬁel,'the left_flaﬁk'offthe'othet-trom the'beée efvthef
tail'telthe:reer of>the_eaf; The.adjaceﬁt'ftontlend‘hind limbs were
united_byfshtures'ef thrqmie-catgut;:The{adj§;ningvshin'edges were united
sutures:end Qquhdjelips,lgn;mals'eete keétien_a wet.diet'for'a'pefiod
of_lOudeysiand-hsed-é weeks after the opefation.i
'Ahestheeie 10% sodlum pentobarbital solutlon. ptepared by m1x1ng 10m1
Diabutal (60 mg/ml sodium pentobarbltal), 10ml 100% ethyl alcohol 20gn1 i
ethylene_glycol end 6le,§ter;1e,watera.Dose»given}either 1ntraper1toé"
Aheallyher inttaﬁehoueiy is.6b mg/kg body weight, |

Sp}een colony teehgigue . The method used was similar to that of Till

- and MeCu110ch.381hgle cell.suspensions were prepared from eithet-the

10
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1

spleénvof bone marrow as destri§ed. Suitable diiutions were made to
give a final colony count of 10 - 25 colonies per spleen. The cells

wéré injected intravenously in a 0.5ml volume via the lateral tail veins

bof aﬁimals‘ which'had been given a whole body irradiation of llOOR not

mqre than 3 ﬁoufé previdusiy¢ 15 .- 20 animais"were QSedbfof ea;h dilution
or,groﬁpj.On,the'g-; 11>déy after the injecfionAﬁﬁe'anihais were sacri--
fiéediﬁy.cgryiéal dislocatioﬁ and tﬁeir:spiéeﬁs‘exciged and placed ih-v
mediétél&_intb.Bouin's_fixaﬁive.‘Affer>a 24.h6hr fi#ation'period-the
spieéns keré waéhed.succéssively ih 60% and 70% ethyi aléoholyana the
colonies werei5cored un&er a 10X dissecting scobé;f |

The endégenous colony level waé checked occasioﬁalbrby irradiatiﬁg v
grdﬁps'of-animais'&ithout giviﬁg é_bdne‘ﬁarrow.or spleeh'celi'trans4.'
'piant; At the‘dose?(llook) @hich»waé givén to'oﬁf récipiénts the nﬁmbér

of ehdogénous colonies was fouﬁd'to.bé 1ess than 0.1 colony per spleen.

Preparation of cell suspensions . Bone marrow suspensions were prepared

from either femurs or tibias., The marrow plug was réméved from the shaft

by'fifst'makiﬁg'a hole in the distal end ofvthe}bone and.flﬁshing MEM_

‘through the‘cavityfby means of ‘a 23-gauge needle ‘inserted in the proxi-

mal end of the bone. (If the cell suspensions were to undergo the suici-
dalvH3-thy treatment,  they were prepared in_medium CMRL 1066 without

thymidiﬁe‘or co-enzymes instead of MEM.)VThe'plug or cell clusters were-

vbfoken upwby passing the suspension about 10 times through a 26-gauge

'ﬁeedle-and finally the cell suspension was filtered through aAnyIOn_

/

gauze sack into a siliéonized tube kept in ice. -

Spleen_suépensipns were p:epafed bybpie;cing a-hole at one end of the o
spleeﬁ:andfgently'pushing:the cells out of the ;apsulé'By_meaﬁs of two

pairs of forceps. The éellvélumps and clustersfwere broken by.fluéhing\_



fel

dilution with Turk's,

diluting fluid.;'

“:izlf-*
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RESULTS -

The suicidal H3 thymidine technique and proliferative states of CFU

from different sources : Drew and Painter (1959) have shown that cells

'undefgeing}DNA'synthesis lose their colony-forming ability.when they
are’expdsed'to high'specific’aetivity-tritiated~thymidine; This tech-
nique has been referred to as. the "su1c1dal thymldine technlque"

Becker et al (1965) and Guzman and LaJtha (1970) hAVe used this tech-
nique to determine the prollferatlve etate of the CFU populatlon. To
aSSese;eur ability te enpiey this'techniqne,,CfU from normal bone marrow,
regenerating marrow and fetel liver.were subjected to the.éuiCidal'thy- |
midine_technique.urhe'7th day regenerating marrow was chosen beceuse

the: time is approximately the midpoint'of the exponential growth curwe

of CFUwfollowing irradiation (Valeriote and4Bruce;'1967; Schooiey, 1966);
The feeults areesemmerized in Table I, The results support the eoncept
_thet“CFﬁ:in the nermal steedyistate héVe lbngncell cyclestand'felatively
few cells ‘are under301ng DNA synthesis at any ‘time and therefore the sui-v
cidal thymidine treatment has llttle effect on the steéady. state CFU po-
pulation. However, when the bone ‘marrow and the CFU are regenerattng
after irradiatiOn.Qr‘undergo1ng-:epld-prollferatiqn as in.the case

of the.fetal liver, more cellsrnndefgo division and thuSe:esulttng in

a gfeater‘percentage'killed'byfthe.snicidel thymidine teehnique. It ie
aiee,notee that_the CFU in_the"regenerating marrow are proliferating more

'rapidlyfin irradiated animals which have received no transplent.

Effect of suicidal,thymidine treatment on-ﬁnirradiated; normal marrow
In order to dtect any changes in the prolifefative state of the bone
marrow'CFUvit was necessary to establish the baseline value using un--

irradiated marrow as.cdntrol.nThe results afe given in.Tabie II. It may



TABLE I

SURVIVAL OF ‘COLONY. FORMING UNITS DERIVED FROM NORMAL MARROW REGENERATING MARRCW AND FETALS '
LIVER AFTER A BO-MINUTE INCUBATION WITH HIGH SPECIFIC ACTIVITY C>lBClﬁnM) 3 -THYMIDINE

CFUs From = H3-_thy.at . No. of_ cells .. CFU/spleen  Fractional. - . Percent
' . 500 uc/ml ~injected . L , - shrvivalf;'f  Kill

Normal =  present . SX10% 14.7+1,0% .06 0
‘Marrow absent - sx104 . 14,130.5 :
‘7th Day Regen- present 1.5X103 L 10.8+1,0 0,56 . 44%
erating Marrow abseﬁt_ : 1.5X105 - 19.3+1.3. . ‘ ' C '
with Transplant ' o o : '
7th Day Regen- ~ present 100 3.4310.7 0.34 . 66%
erating Marrow absent 100 9,92+ 1 : a
without Trans- ' o C '
plant '
18th Day old  present 1.5X105  8.22¢1.3. 0.52 . . . 48%

Fetal Liver ~  absent . L. 5x1o5 L 15.7%L.6

.* < Mean + 1 Standard error

71



SURVIVAL OF COLONY FORMING UNITS DERIVED FROM NORMAL MARROW AFTER -A 30-MINUTE 5“ g.'
_ INCUBATION WITH HIGH SPuCIFIC ACTIVITY C>1801/mM) u3-THYMIDINE ST

Normal:Mérrowk H3.thy at

lqupensiOn'No; ' SOO.hc/ml-

v o present
3v ‘absent -

‘. absent.

* - Mean + 1 Standard error

_ present
absent -

 present
absent. =

‘present Lo

TABLE II

No. of cell
injected.

5X104,
5X10%.
5x10%
5X104
5X104
- 5X104

5X104 -
5X10% -

'CFU/sﬁleen
14.7+1.0% -
14.170.5

13.5+1.1
13.7%0.9

15,440, 8 .
16.370.8"

Fractional
Survival

0.99

0495

'
&

Percent'
Kill -

2% -
U

 .5%:..‘

6T



_ be seen that the baseline value of kill of CFU by the suicidal thymidine

'techniqUe'is'leSS than”S%.’Thisiisiin'good agreement with-vaers°obtained

by other investigators'(BeCker etfal'.1965’ Guzﬁan,and Lajtha; 1970) and

with ‘the ba51c concept that the CFU populatlon ‘in the normal steady state
. is either undergolng very slow d1v151on cycles or. the fraction of CFU
undergoing div1sxon is very small._.

Therefore, in the following results, if the su1c1dal thymldlne killing
eftect exceeds 5%, it would suggest that the proliferative state of the.
CFU population treated has been altered.- |

Effect of whole body irradiation or one tibia 1rrad1ation on the‘pro-

liferative state of CFU in shielded llmbs 'Two grOups.of‘aninals were
used. They were treated as'follows:
Group“l: iThe"animalslwere giyen‘llOOR-whole hodyex;ray with”one tibia
Shielded; f2x106:hone¥marrow.cells were'given to -each animalvfoIIOWing
irradiation. ’Animals so'treated will be referred to as WER (Hhole,gody .
Irradiated) animals. | R
-Group II' llOOR x-ray was delivered to only the left tibia of these

animals while the rest of the body was shielded. 2x106 bone marrow cells

were given;to each-animal following irradiationa Animals so treated willj

be referred to‘as LlR'(&eft zibia Erradiated)‘animals.

At appropriate,times following»irradiation,*groups of these aninals

were sacrificed. Both. irradiated- and shielded tibias~were removed and =
the snicidal'thynidine treatment was performed_on thetbone marrow sus;f
pensions,nreparedrfrom the reSpective tibias and then.the CfU content

of the suspensions were assayed.by'the spleen colony technique; A sche-_

matic representation of the experimental procedures is shown in Figure I._'

The killing effect on the CFU from the irradiated bone marrow served as
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 SUICIDAL 3H-TH‘YMJDIIJE METHOD

A

%" lead shield { '
S : 3z
\)
”T\‘b‘ ,
.. . ’ ’ {Follow SAME procedure
S o \ Day of L2’ used for “LTR” mouse)
W Remove . v ‘ ' Remove ‘
"\ shielded tibia . o irradiated tibia j :
o ( Bone suspension prepared ) )
E=E= { in CMRL 1066 % -
\ ' - w/o thymidine and co-enzyme
Norma! saline H:gh .,pecmc acuv:ty _ ' Normal saline '___High s;;ecifi'c ‘activity
B _ 3h. thymidime a _ 3H-thymidine
o SPLEEN COLONY-FORMING
B T : . - UNIT ASSAY

. DBL 7012 6030
FIGURE I, SCHEMATIC REPRESENTATION OF EXPERIMENTAL PROCEDURES IN THE
| DETERMINATION OF PROLIFERATIVE STATES OF CFUs IN TIBIAS OF
'WBR AND LTR MICE BY THE SUICIDAL H3-THYMIDINE METHOD



TABLE 111

: EFFECT OF THE SUICIDAL H3-THYMIDINE TREAIMENT ON THE .
SURVIVAL OF COLONY FORMING UNITS TAKEN FROM THE. SHIELDED.
TIBIAS OF wBRl ANIMALS ‘AT VARIOUS TIMES AFTER IRRADIATION

Time
After

Irradiation

2 Hours
3_Day$‘"'

7 Days .

CFU Observed/Spleen

Normal Saline
Treated. Control

13,940.6%
16.6%0.7

19,8+0,8
S 17.3+1.0
‘19, 3+0 8

24,7+1.4

.22,970.8

19,4+0.8

Co22.971.1
23.8%0.7

- Mean + 1 Standard Error . '
1. - WBR - Whole body irradiated with one t1b1a shlelded and given

2X106 bone marrow cells

-thy

Treated

11,3+0.9
14,2+0.8

14,040.7
14.870.8

13,3+0.8

21.6+1.1

18,3+1.0

19.8+0.9 .
15.471.0

" Percent Ki113 as a
 Result of H7-thy

Treatment

17%

25%

18%



TABLE‘IV

- B EFFECT OF THE SUICIDAL H3-THYMIDINE TREATMENT ON THE
SU'RVIVAL OF COLONY FORMING UNITS: TAKEN FROM THE SHIELDED
'~ TIBIA OF LTR1 MICE AT VARIOUS TIMES AFTER IRRADIATION

Time CFU. Observed/Spleen. Percént'Kill'as'a

After = Normal Saline. H3-thy.  Resu1t'of‘H3;thy
Irradiation Treated Control . Treated - Treatment -
2 hours L 15.5+1.1%  11,7+0.6% 247,

3 days’ 14.840.6  9.38+0.5 23%
| 14.7¥1.1 © 13,470.8 |
7. days 15.041,1  12.0+1.0 17%
L 17.9%¥0,8 - 13.4%0.6
16,9%1.0 -~ - 14,030.7
16. 130.8 :15.140.6

* .- Mean + 1 Standard Error
l. LTR - Whole body shielded with one tibia 1rrad1ated and glven»
2X106 bone marrow cells -



a'check-on the suicidal thymidine treatment and in each experiment it
was greater than 455 The killing effect on the CFU in the shielded
tibias are summarized in Table III and IV.

The percentage kill shown in the tables is the ayerage of the number of
-experiments.shown. Originally the assay was performed solely on. day 7
animals with the reasoning that the effect should be most pronounced
when‘the CFU are doubling most rapidly;'later it was found that similar.
killing effectbcould detected as early as-two‘hours postQirradiation.
'It"should also_be'noted that the suicidal.thymidine-killing‘effect on
shielded CFU'populationtin the'casedoffbothbthe LTR~and"WBR'animals,are
' quite similar and are significantly different (p<:0 001) from the kill-
ing effect of high specific act1v1ty H3-thym1d1ne on normal marrow
(ref. Table II). | |

Effect of whole body irradiation or oneltibia.irradiation on the cellu-

larity and colony forming unit.content of the shielded tibia:_ The two
groups of animals (LTR and WBR) were similarly treated‘as'in.the pre-
vious section. The cellularity and colony'forming'unitycontent was deter-
mined_hy pooling 4 or 5 shieldedntihias’from.animals of each group at -

2 hours;'3.days:and 7 days after irradiation. The'results are'presented
in Table V., "Most of';ﬁe values obtained are averages of three to six
different experiﬁents; the ekceptions‘are the 2 hour and 3 day LTR ani-
mals where'only one experiment was perforned.

The results show very little change in the cellularity for both whereas

: there is a slgnificant (p< 0, 001) increase in CFU content of shielded
tibias from whole body irradiated'animals-(WBR). ‘We also noted that this
increase of CFU content 1is less dramatic in the WBR group if the animals

were giVHn 20x10° bone marrow cells instead of 2xlO6 the daY,7 tibial

20



.Q' <
‘TABLE V
CHANGES IN CELLULARITY AND COLONY FORMING UNIT (CFU)
CONTENT OF THE SHIELDED TIBIA AT VARIOUS TIMES AFTER
IRRADIATION (1100R) AND BONE MARROW TRANSPLANTATION
" Treatment = Time After . = 106'Cells/Tibia CFU/106 Cells  CFU/Tibia
' Irradiation ' :
- ‘Normal -  9.70+0.2% | 296+17% - 2870+180%
2 Hours 9.2941.0 305+27 28304400
- weR! " bay3 . 10.9+1.4 430+34. - 4680+700
Day 7 11.4+0.6 444433 5060+460
S 2 Hours - 10.2 o 310423 . 3150+230
LTR2 Day 3 1008 320423 ¢ 34604250
Day 7 9.49+0.7 ©298+21 - 2830$290

l. - Whole bddy irradiated with one tibia shielded and given 2 x 109 bone marrow cells.
- 2, - Whole body shielded with one tibia irradiated and given 2 x 106 bone marrow cells
* - Mean +1 Standard error - :

e



CFU content is this case was 3969+452 instead of 5057+458._
.The results in Table v seem to 1ndicate that there is an: increase in CFU
‘contentvwhen‘more-CFU are destroyed as'in the case of the‘whole'body_
irradiated'(WBR)'animals,'To fdrtherhinvestigate this obserVation,.a e
. series:of animals wasrgiven varying'doses of.irradiation-with one tibia
shielded;'but these anim5151did not'receiVe‘anyvbone marrow'transplant.,
Ihetresults are,shonn'in TableJYI;‘It'is seeniagain that while:there.is
little;change,in_cellularity"the increase in' CFU COntentlis directly.'
'related'to the'irradiation‘dose'and:thUS'perhaps directly related to the
surviving CFU population of the animal. o

Effect of suicidal thymidine treatment on - sgleen and bone marrow colony

forming -nits 1n_parabiot1c.m1ce " One of-the parabiotlc.mlce was-shielded

with a %" lead coffin while the other partner received 1100R x-ray. After

irradiation, each aprtner was given 4x106 bone marrow cells. The marrow

transplant was given to minimize the migration of stem cells from the'
shielded parabiont to the irradiated .one (Carroll and Kimeldolf 1969).
At the third and seventh day after irradiatlon 2 - &4 pairs parabiotic
tanimalsfwere sacrifiCedianddtheirvspleens and:tibias and'femurs remored,

The suicidal thymidine treatment was performed onbbothctheispleen and

bone'marrow~suspensions (Figure 11). Ihe resnlts are summarized in Table

_VIl and VIII.

The results indicate‘that:irradiation of one.memher of a parabiotic
pairvaffects‘the‘proliferative state of the colony formingddnit popu-
elationvin both the spleen_and_bone marrow of both members. Whereas the

killing effect of suicidal thymidine is predictableiin the case of the

'irradiated.parabiont,'it was surprising to'obsérvévsuch pronounced kill-

ing effects in the unirradiated one. It should be noted that the killing

effect is more pronounced on the third day.



250 kV
15 mA x rays
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PARABIOTIC M!CE

surgically prepared 4 weeks
‘before time of experiment

Shielded bone
marrow suspension

Shielded

spleen suspension

Suicidal

3'H-tv‘hymidine method

:

| Spleen

colbny-formihg

unit assay

DBL 7012 6031

SCHEMATIC REPRESENTATION OF EXPERIMENTAL PROCEDURES "IN

" THE .-DETERMINATION OF PROLIFERATIVE STATES OF/CFUs IN
. SPLEENS AND TIBIAS OF PARABIOTIC MICE




TABLE VI

: CELL'LARITY AND CFU CONTENT OF THE SHIELDED TIBIA OF
‘_;,BR MICE 7 DAYS AFTER DIFFERENT IRRADIATION DOSES

R

10% cells/Tibia ' CFU/106 Cells - .~ ~ CFU/Tibia

- Dose
B v (

. 200%:

CUMOOR. el s7a;an 52501250

1 standard error

355+26% . 7..3590+260% .

ody irradiated wlth one tibia shlelded and glven no- bone marrow .

2 :




Time After .

" Irradiation

, Day.3':

Day 7

TABLE VII

EFFECT OF SUICIDAL H3.THYMIDINE TREATMENT ON.
"SPLEEN AND BONE MARROW COLONY.FORMING UNITS -~
"IN THE IRRADIATED PARTNER OF PARABIOTIC MICE .

e Irradiaced'Parésicnt’_ _ o
Bone Marrow - .: ... . "SP}¢¢“ N

Normal* ' H’-thy* Percent . Normal* H”-thy* Percent
: SR ¢ § s S

~ Saline P »Kill;“ - Saline
_Control = - o ol -+ Control

7.62+0.9 2.5740.6  65% - 18.9+1,1 1l.1#l.1  41%

9.93+0.9  4.69+0.7 . 57% . 40.6+1.2 27.3+1.2 3%
17.3%0.8 9.96+1.0  42% - .o T o

% L Mean + 1 Standard error

(14



. Time Af;er
Irradiat ion

.Day 3

Day 7

TABLE VIIT

'EFFECT OF SUICIDAL H3-THYMIDINE TREATMENT 0N 

'SPLEEN. AND BONE MARROW COLONY FORMING - UNITS-;
IN THE SHIELDED PARTNER OF PARABIOTIC MICE

- _ Shielded Parabiont
Bone Marrow o : o

Normal* . H :thy* Percent . ..  Normal*
Saline . - Kill .-~ - Saline
‘Control - ' ‘ Control
15.1+0.9 9.06+0.6 - 40% 12,2+1.3
16,7416 14,3+0.9 14% 31.5+1.1
18,4%1,2 15,3%1.2 = 17% 21.5¢1.0

* . Mean + 1 Standard error

*Spleén*

H3-Thy*' Percent
' CKill

8.78+0.9.  28%

23.741.7 . 255

18.0+0.9  17%

%z



DISCUSSION

The suic1dal H3-thymidine technique has been: employed to assessthe pro-
liferative state of ‘the CFU population in the sh1elded tibias of ani-
mals which have received whole body irradlation or whose contralateral
'lhnbs have been irradiated. In both cases (Table 111, IV) the proli-
ferative statefof"the»CFb is significantly differentv(p<-0.001) from
that ofdnormal unirradiated.marrow} ThelChange'in-proliferative‘state

may be detected as earIY'aS’2-hours-after-the-lrradiation and-persists

: through the 7th day.' More active prollferation is also observed in the

CFU populatlon of parabionts whose partners have been 1rrad1ated.

‘ The'results'suggest that the rate‘of division of CFU-may be'governed'by

a humoral agent that is released as a result of irradiation of the

animal and is circulated and exerts its effect on the CFU population
‘not'only locallv but'perhaps'thronghout the'wholevsyStem.

. McCulioch & Till (1962) have reported the D, of CFU population to be

95-llO‘rads. Van Bekkum'(1969) estimated“the'size of the bone marrow
population .in the mouse.to‘be'apprQXimately'6x108 cells. 'Notingvthat
thevtibia in our animals contain 107 bone marrow cells, our results

indicate that the irradiating less than 2% (107/6x108) of the total bone

,marrow populatlon, as in the case of slngle tibia 1rrad1ated anlmals

. (LTR animals) would bring about measurable changes in the CFU popula-‘

tion. in the contralateral limbs.,
The study on the changes in cellularity'and CFU content resulting'from.

irradiation of either one limb (LTR anlmals) or the whole body - (WBR

_animals) reveals that (Table V) whereas ‘there 'is 11ttle change in total__‘

cellularity of the'shielded'limb,‘there,is a striking increase in CFU

27
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coﬁtentjand'coﬁceﬁtratibnvﬁhen‘the whole body has beeﬁ irradiated.
The CFchHahges in‘tﬁefwBR‘éndALTR animais may be more readily under-
stood if one realizes thétvﬁhe WBR animal has a g;éatér demand. for
CFU, ﬁﬁereas the LTR animal hés mofe than 98%'of_iﬁé CFU Qirtﬁally »

_ intéct;”-:further evideﬁce’;hat SﬁggéS;s that thé'ipcfeéseﬁin CFU
coﬁtené_bf the tibia could Sé fgléted to‘frédtion of sgrﬁivihg CFU is
Sho;ﬁ in Téble VI which shows a diféét’iﬁcrease in CFU cbnteﬁf after
1ncréésihg'wh§1e body dbsés;

Our resuits'herévdo_hdt agfeé with tﬁé obServatioﬁ fepo;;ed by othe;' .
'investiga;drs: Gidéli'gs_él (1969) repoftéd a decrease in CFU in the
shielded tiEiaé of.BALB/Q mice giVen SOORrwhdlé bédy irrédiation;
andearSten and Bond (1968) pbéerved no_iﬁctéésejin‘CFU content in thé .
hind legs of animals given a 100 rads exposure to the upper body. The

'Aiscrepancy may be due to fhe“fac; that their animais are receiving a
lower dose (100 rads)iand #hat the observation By Cidali-g£ §l.may be
uniquevto_the BALB/¢ mice ‘which havg béen fépértéd fo teact.différently
than ofhervstrains at least in its non;regponsiveness to hypoxia (Nohr,
1967). It should be npted at this timé'thaf thé initialvpilot experi-
ments for tﬁis study were Pefformed on BC3E1”miCe and the results were
similar.;o‘thosevobtaiﬁed'using our present sﬁrain,(LAFl>, This woﬁld
fulevout the possibility of these obsetvations being_unique fof:tﬂe ani-

ﬁals used. | |

vHowever, in_ordér for the shielded liﬁb ﬁo respond‘to differentvdemands
for CFU; ﬁheré must‘be a_mechaﬁism By:which the CFU may deﬁect changeé
in the total CFU population. One way]by.ﬁhiCh the CFU population could

_ respdnd';o changes is by meansvof a negativé feédback chemical substance

similar to the chalone,( a mitotic inhibitor) isolated for the epidermis




'(Buildugh_and‘LaurénCe, 1964). ZBUﬁ our data showing similar kill-

ing effécts resulting ffqm the suicidél thymidine treatment in both

the WBR and LTR animals seem to;:ule out a chalone or mitotic inhi-
bitor as the soletgove:hing mechanism for the CFU population.

We are performing experiments (unpublished) to determine the effect

" of irradiated hemopoietic tissue extract on the proliferative state

of the normal CFU population., Preliminary results show that the irra-
diatedbtissue extract ‘does mnot altér the fraction.of CFU killed by the
suitidal ;hymidihe treatment. This has led us to suspect that the hu-

moral_agént or cﬁalqne is eithervvery labile oriﬁot located within the

major hemopoietic tissues.

" Our results in this study do however suggest a circulating humoral

agént.which.regulates'the.proliferative states bf the CFU population,
and reveél the ability of'thé'CFU compar tment within a shielded limb

to change its size‘in response to differing CFU demands. Whether the

increase in CFU population is due to‘the action of the humoral agent

is not known. But ﬁhe fagt that the CFU pdpuiation can vary its.cell
cycle and increase -its compartment size Simultaneoﬁsly'suggest‘that the
opinions~of Becke; SE.El'(1965) and Lajtha et al (1962,,1964) on the
response of CFU ﬁo”hemopoietic demands may be both correct. Our obser-
vationé here also refute the_suggestipn that the conﬁrOI'Of the proli-

feration of the CFU population is entirely local.
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STUDY 1I: THE GROWTH AND PROLIFERATIVE STATES OF COLONY FORMING UNITS -

~ AND AGAR COLONY FORMING UNITS FOLLOWING IONIZING RADIATION

' Results from the prev1ous study reveal the existence of a c1rcu1at1ﬁg agent
which affects the proliferative state of eolony-formlng unlts.' Furthermore
- studies with parabiotic anlmals suggest that there'may be a temporei
'patterhrof'the releaseiof'this'substance;: ;

The growth curves of CFU in the marrow (Valeriote & Bruce, 1967) and in -
.the spleen (Schooley, 1966 McCulloch & T111,«1964)‘have shown an

vinitial "lag phase" from Day 1 - 3 before the beglnnlng of exponent1a1
growth at'Day 3. During this lag phase, the CFU. are be11eve to be under-
8bing rathet tapid proliteration and.sﬁould this proliferation be governed
by the ﬁéirculating agen;"‘there Qouldvbe a greater effect.exerted'durihg
this time (Day 2 - 3) on normal unirradiated merrow. Our results in

- Tables .III, IV and VII, V1II, seem to suggest that.there may be indeed

a greatet effect of this cireulating ageht on Day 3, This study is
theteforefconducted to determine whether tﬁere is a.temporal change in
preliferative state resulting from this circulating agent, . Also examined
in this study was the change in proiiferative states of the agar colony-

~ forming units.
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' MATERIALS AND METHODS

Animals 12 - 16 week old'LAFl female mice were used both as recipients

and'dbnors:in the?féllqﬁing éxperiment. Acclimatiiing and. animal cére
were_és?pre@ibuSly‘deécribedQ | .
irradiation'“Irradiation‘was aﬁcomplished by-a‘iQOGFCUrie cobélt;éo,b.
sOurcé.‘ Aﬁimals‘Qere pléce in a iuéite7cdntaiﬁet‘atba distancé_of-l;ZZI

me;ers from-the_source and given 1100R. The dose rate was 26.6R/min.

Preparation of cell suspensions Same as brevioust described,

‘Suicidal thymidihé'technigpe Same as previously described,

Spleehhcolony'teChniquev Same as previously described,

Agar colony formiggzgnit (ACFU) assay
Materialéi'
aA.EQOZO Mediuﬁ:v_Total 400mL copgiSting.of the following: 10X
Mini@um.Eséeﬁtiél'Medium;(MEM) with L-glutamine and without sodium
biéa;boante (Earies‘Salts> 100ml; 7.5% sbdiuﬁ bicarbonate, 30ml;
.:IOOX Sodium:pYruvaﬁe;'loml; IOOXinon;éssentiai animo acids, 10mlj;
ﬁeniéillih/stréptpmi¢in'(SOOO units of'each/ml) 2ml; fetal calf
Sérdm; 100m1‘(A11.6f the.abéve wefe procufed from Grand Island
Biologiéal'Co., GIBCO, .Oakland, Célif.)j'triple glass distilled
water 148@1._ ’
b.vTr§pticase soy broth (TSB): _Bmg_trypticase soy_broth powder
| (B;itiﬁorg:Biological'LaB,, Eéltimore, Md.) in 100ml of triple
glas§ distilied'watér»auto-elavéd'15‘minufes at 121°C and 151b.
_ preésurg and sﬁoredlat 45Cvfof.ho more than 4 weeks. |
c. Bacto-agar (Difco Lébé., Detroit, Michigan).0.6% solution: 0.6gm
éf bacto-dgar was piacedvin IOle of tripié distilled water and._‘

'boiléd for 10 minutes in water bath. The.melted agar was held'in .

o



.v4$°cﬁwatef-batﬂ.untii”use; |
d. E2020 & TSB solutfons: & pafﬁs E2020 and oné part TSB.
: e.306ndiﬁiohed‘Media;. Kidnéys:fromvé - 14 days old Swiss.WebsterY
: @icerwefé fgﬁoVed aée?ticaiiy and piaéed‘in,gggles'MEM (G;BCO)
Qith 60 units/ml dfvpenicillin-stteptomycip.v The kidneys'@ere:
Cﬁeﬁvﬁincéd with>a-chobper and digésted.in 0.25i'tfypsin'solqtibn .
(GiBCb}_with 50 units/ml pénicillin streptomfgin and 0.4%‘D'Na$e
séolu;ion-(in phosphate'bUffered.saIine) fof-l%'hdur at room tem-
'pefature. The solution was digested with constant gentle stirring
by magnetic stirrer and‘occasionél pipettihg to Break up largér
tissue'ciumps. After théfdigesgion'and setﬁling of'lérger élumps
" the cell suspension was washedvin~E1010 (Ezdzo-&‘rss + equal VOlumé
" triple distilled water), centrifuged and counted after suitable_
dilution with Turk's diluting fluid. The cell suspension was then
édeSted fovconﬁain 4x108 céll/mlvof EIOLO‘ﬁIated in 15x100mm'pétri
dishes at 15mi[di$h, and inéﬁbated‘at 37° in a humidified inéubaior

with a constant flow of 5% CO, in air. The conditioned media cell

sUSPensioﬁ was harvested-afterv7 - 10 dayé by céntrifuging to remove

‘all cells and passing the solution ;hfbugh a 0.45u millipore filter. .

Tﬁe §6lution was stored at 4°C.¢

- Assay for.égar CfU: ~an aliquot_ﬁéuaily 50-200pu1 of the marrow or'spleeh
cell suépension wés'taken and piacedvih a plastic tube. The suspension’
was then diluted wiﬁh 4ml of E2020 and TSB, lml conditioned media, 5m1v:
dfv0.6% agar,vand then mixed. 'Zml.of the mixtu;e was plated in 35x60mm
tissue cul#ure dishes (Félcon plastic) and incubated for 9>- 10 days at
379 in a hqmidifiedvinCubator with a constant flow of 5% COp in air,

\

The colonies on each plate were scored under 10X magnification,
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Expefimehtal Procedure After whole body'irradiatioh of 1100R sixty

LAFi femalg miée were given 107 bone marrow ce1ls frvombLAFl donors.:

‘On designated days aftér irradiation and transplantation,. 5 - 10‘ani-
mals weré:sactifiéed and cell suspensions from pooled tibias and SPIeens-
 -were prepé:ed in CMRL_1066 withoﬁt,thymidine or co-enzymes; The bone
marrow suspenéion ;nd spleeﬁ ;ell; suspensions were sﬁbjectéd to the
suiéidai th&midiﬁe‘treatment_and assayed fof_spleen colony forming

unit and agar colony forming unit content.
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. RESULTS

Tﬁé:tésqlts dfjthéiéxperimgngjgre égﬁﬁériééd infréblellx aﬁ&jx. thé?hiC'
résregehtaﬁiéﬁ bf'thé~ré591t§ are given iﬁ“Figure»IiI and.IV. ~T6¥avoid
4c§nfusién,:cells assayed by the spleeﬁ éoloﬁy_techhique aré-desién&ted',
as‘spléep colony fofming qnitS'(S§ICFU) aﬁdftﬁéicélls aééayedfﬁy the3i§ |
'zlgzg'égér techniqué'gfg'designated As agar COlony’for@ingvdnité'(ACFU);

| Whéfeﬁs_thg'reCovery‘pattgrn_éf SplCFU and ACFv'are similar in both the -
ISpléén»gna b§ne'ma;row; the suiﬁidal gﬁymiaihe@killihg éffeét:isimafkédly
diffé;ent fof the two pcpplatiéns._:lt‘shéﬁld Bevnoted éléd that ghe SplCFU,
' .éonﬁént'dfvthevtibié does not feéqvef:toinormaLJVaiues;.fThebthymidiﬁe-

. killing'effeétjwas pbserved to be‘more pfonoqnced'in the initiél d&ys

: follb&ihg_irradiation.




TABLE IX

. RECOVERY OF SPLEEN COLONY FORMING UNITS
-~ (Spl CFU) AND AGAR COLONY-FORMING UNITS ,
- (ACFU) 1IN TIBIAS OF IRRADIATED (1100R) MICE ..

Day Post . spleen CFU

* . Mean + 1 Standard error
N/A - not available

Percent Killed
by H’-thy
Treatment

5%

12%

Irradiation . _
S . CFU/Tibia
Conf?oi. - : | 28701186*
1  - | C10.0+1.0 539
3 “‘  O 15.141.9 38%
7 o 415424 497,
o 725+25 319
VR 732439 e
17 »"1120i97 14%
21 | - ~ 600+100
35 ' 733476 N/A

~Agar CFU

ACFU/Tibia P

1200041400

- 88.5.

TN/A

- 4850

10406 '
9500
14400
14600

N/A

erceﬁ Killed
by H-thy
Treatment -

- 40%
59%
VN/A_
61%
_67%."'
65%

58%

48%

N/A

GE
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Day Post
‘Irradiation

Contrpir

1
-3
-7
ld
14
17
21

35

TABLE X

RECOVERY OF SPLEEN COLONY FORMING UNITS
(Spl CFU) AND AGAR COLONY FORMING UNITS -
~~ (ACFU) IN SPLEENS OF IRRADIATED (110(R) MICE

"% = Mean + 1 Standard error

N/A - not available

Spleen CFU
CFU/Splééh Percent killed -
- by H3-thy '
'Treatment
© 2500+200% 8%
40+2 43
715450 7%
72404210 13%
8380+200 o
7000+260 11%
42104260 50%
3b7o£27o 19%
2446i1§5 N/A

Agar”CFU:;
AGFU/Spleéﬁ. 'Peréent kiilea
| | by H-thy
. Treatment
30000+4000 40
64a 8z
2680 | 95,
46400 s
© 34100 | 52,
113006. C sey
20000 ' 6wt
54000 | 323
N/A N/A

LE



% killed by
H-Thymidine

3

Agar colony-forming units
Spleen colony-forming units
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~ DISCUSSION

Several observations are made in this experiment:

 a, During the initial days of recovery the SplCFU in both tibia and

spleen are in an active- proliferatlve state,
be Tne reoovery pattern_Of'the:SplCFU are»different‘dn'the“spleen
.en'df the ti_bia; o | . | | |
c. There,is a distinctfdifferenee_in the.nroliferatiVe states of
| SplCFU and ACFU, - |
Table IX and X show that during days 1 ~ 3 the su1c1da1 thymldine
killing effect is more" pronounced. These results are con31stent with
the-changes in proliferative'patterns observed for parab;otic animals
in the.previons'study-;;(ref.fTabie VIiiand VIII) Higher nroliferative
states are also suggest by the data on the WBR and LIR animals. (ref.,
TaSie'Iii and IV) These observations-lead us to believe that the regu-
lating humoral agent is released in greater quantities during the ini-
tial days after 1rradiation, but as the SplCFU population recovers to
mear normal values, the concentration of the agent falls and its effect

diminishes.

It should be noted that the prollferative state of SplCFU in the spleen

and in the t1b1a2remaxns slightly altered_through day 21, Durlng this

-time the SplCFU numbers of the spleen have fully recovered but the CFU

content of the tibia remains depreésed.’A similar depressed SplCFU cont-

ent in the femur has been reported by Valeriote and Bruce (1967). The

‘sustained change of proliferative state and the depressed SplCFU values

in the marrow lead us to suspect that the release of the circulating

vhnmoral agent is brought about by a depressed SplCFU population. If this

nere_indeed'the case then it would be likely that a drop -in the total

-39
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SpICFﬂ ébpulation»méy sefvé as. the triggering device fof the release of
ihe hqmdrai agaent..béteCtion of a'change.ih the ptol#ferétivé.state_of
shieidéd tibias 6fILTR'animals also_supports this hypotBésis.

Cﬁzﬁaﬁ'and Lajtha-(1970) reported a.qifferénce in suicidal thymidine
killing effect oh'ﬁorﬁal SplCFU derived from bone marrow and those derived
from tﬁe spleen, Our reéults-aiso'suggeét a‘differénce; Schofield (1970)"
sgggestéd'that‘thé differencé-méy be'due:to.the existence of two types
éfASp1¢FU;'ééch-ﬁps5éssiﬁg é different doubling ﬁimé,and‘each being
differeﬁtiéliy atfraétéd'to the spleep or bone mafrow. We attribute the
difference to the pdésibi@ity that the SplCFU popﬁi%tiohs from the'splgen' 
and tibia may have different de@ahds.blaced'Upbn thém. The splenic SplCFU
population may be activéiy proliferating.td'sustain'sustain intermediate
hemopoieﬁic précurso:vceil'popuiaiions wherea§ ;he:SpiCFU population in
theﬁbdne'marroﬁ may serve ﬁainly td:repleniéh the SplCFU populations
‘ldéach_in other hemépoiétic tissues. During the steady state conditions

~ the bdné'métrow SplCFU population is not active but during the recovery
ahd reéléniShing pefiod it iS»actively pfqliferating to seed other SplCFU
popuiaﬁiqns. It is not kﬁown_however whether the depressioﬁ of SplCFU
populéﬁion in(;he marrow following irradiation is the resql;.of seeding

of SplCFU from the bqﬁg marrow. In qthervﬁofds the splenic SplCFU»pbpu-
'lationvée:ves‘as a reservoir forith¢”Sp1CFU whereas the bdne'marrow-SplCFU :
‘populétidﬁ serves as the major'sourcé. Obsérvations of.Bruce and McCulloch
(1964):tﬁét a gradual decreasé in ﬁhe sﬁlénic SplCFU during the first -
fifteen déys of éxposure to hypqxia was not accomplished by any signi-
ficant change in thé SplCFU content of the femur seém to support this
hypothéSis; Schooley!S'fiﬁding th#tthe spleen is‘a ma jor reservoit of

erythropoietin-sensitive cells, an intermediate hemopoietic precursor

O S
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ce11 §opu1étion, also p?qvides éﬁpport for this hyéothesis;F(Schéoley,1970).
Ihe'rééults‘bn ;he'feCOVgty éf'ACfU'doeg not.offér'any information on
thé'réiéﬁipnéhip between-the:fégﬁlatqry me¢hanisms'éovéfningbtﬁé“ACFU
-andePICFﬂAéOPUIation; A'doubiiﬁé‘time‘of-ZO -:24 hdurs;was observed for
 ACFU dﬁrihg théiéxhbngntiai'feEOVery'phaée.  - |

Bennett et al (1966) suggested that.thé:ACFUvpopula;ibn,gthough.closelyk
related-ﬁo tﬁé Sp1CFU populafion; may be an intermédiate-stage-of diffe-
'reﬁﬁiation‘ﬁetwéén the SpiCFUvandithé myeioblast:and:is distinctlf dif-
fereﬁt. Chén»aﬁd Schdoley (1970) have proyidéd fﬁrther-evidenﬁe'in sup-
: pbrt'of.ﬁhis.cqncepﬁ.-our .obsefv;tionfiﬁ both fﬂé spleen and the tibia
that the P};OIiferat-ive_stétes' of theSplCFU an‘.d' ACFU_> e.xr‘e, markedly_ diffe--
rent'thfoughqut the recovery period and'ip the control animals éffers
suppor;';o_the conéep#vthat.the two popﬁlétions are not only diffefent

functionally but also physiologically.



- SUMMARY AND DISCUSSION

The‘purposelef these stoaies nas to.elucidate the nature of the regu- -
latory mechanism(s)xﬁhich gorern;the proliferation and growth of‘thej'
colony formlng un1t (CFU) population. | |
Results from the study u51ng partially shlelded ‘and parabiotic mlce :
suggest the presence of a c1rcu1at1ng humoral agent which'acts by
altering the prollferative state of the CFU population.» The effects;»
offthe'agent'are ‘detected as early as two hours after any change'occurs
‘in“the‘total CFU'population of the.mouse and seem to bersist as_long
as the change remains.- |
In addition to its- proliferative state being altered to meet the de-
mands for,CFU, the size of the CFU'population is also adjusted. The_
extent of adestﬁent-is directli.related to need for CfU;
.llnlour.studies,vradiationiwas.usedbto perturb the CFU from its steady
state.‘lSince ionizing radiation is known to affect the other hemopoie-
_tic‘popnlations the changeskohservedvmay be.an indirect effect of'the
differentiation of.CFU toireplenish the intermediate hemopoietic cells
populations depleted by radiation,_ But our results showing a persist--

ing alteration in the proliferative states in shielded tibia of animals

which_have had only one tibia irradiated seem to support the;concept of

a circulating agent.

The relation of ionizing radiation and the release of varlous hemopoie--

tins has not. been well studied; 0 - it is difficult at: this time to dis-
cuss the possible release of such hemoporetins after radiation and to

assess their effect upon the prollferatlve state of the CFU populatlon.
Schooley (1966) dld observe a steady increase of erythropoietin in the .

plasma of mice following whole body irradiation; but he also-resported
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that>erythrop01etin had little or no effect on the growth of CFU,
McCulloch et al (1965) reported a genetlcally controlled "host-factor!
found in the mlce’pf_genotype_SL/Sld for the regulatlon of CFU; hew-'
ever tﬁie faetor‘was obaervedvuotvto be cross-circulated when a Sl/_S-_ld
uesvjoined to a ndrmeL aniwal'by'parabioeis.vat'would be highly spe-
culetive.etvthiéfpoint'to7diseuss the "hoSt#faetdr" iﬁ relationship
tbldur‘opservetione‘putpit ie'not iqcbﬁeeiyable‘that the gene locus
sl which”deterﬁines'therproduetibnbdf:the "hdst%faetor"'isvelosely
linked td'thelgene’locus Whieh eontrols the'cireulating "stem ceil-b
poietin“ that our'results Suggest.
Our studies have aISovsuggeSted'a temporal pattern for the action and
‘release of thie'circulating agent. The etfect;dn the CFU popuiation is:
most pronounced on the iditial days following irrediation. The action
and release'of this agent is continuous as long.ae the CFU population
is depressed,v This observation leads to the speculation whether a
change in the total CFU'populationrat”any timeibrings about the release
of this huﬁoral agent, Results from the-LTR miee (Table.IV) gives sup-
port td ‘this possibiiity.' |
The results in the study of the change in the prollferative states of
IACFU and. CFU offer further support for- the concept of a functlonally
»and physlologlcalLy separate.ACFU and CFU~popu1at10n.' Whether the regu-
latory mechanisms for the two eompartuenté‘areusimiiar:is ﬁot'evident in
our study. |
A p0531b1e mechanlsm by whlch ‘the primitive precursor cell populatlon is
regulated has been presented in our studies. However, much.work remains
‘to be done to Characterize the nature of the substance and:to‘understand

its action.
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