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A, Hemnopoiesis in the Splenectomized-Pregnant Mouse
Following Low-Dose Total-Body Irradiation

SHEILA R. WEINBERG & THOMAS J. MACVITTIE

Erperimenita1 Hiematology Department. Ar'ned Forces Rmdiobiology Research Thstitile.

f Bethesda, MD) 20014, LISA
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The effect of splenectomy (SPLX) and total-body irradiation (TI) (50-200 rad) on
virgin aind pregnant mouse hemopoiesis wits studied, using peripheral blood lie-
mograin values nd fenoral marrow hemopoietic progenitor cell activity (i.e.,

* CMr., HFUr., and GM-CFC). The SPI.X-maternal red cell counts ind hemnatocrit
values were tower than those of SPLX-virgin mIr-Co. reflecting the 11nemiia of preg-
nancy. But the white cell counts of both SPLX-virgin and SPLX-day- 14.5 pregnant
mice were significantly higher (11 < 00IX5) thini normal-virgin mice. Both nontir-
radiated and day-4 irradited SPLX-maternal mrtrow lip-independent and C-p-de-
pendent CILJI were higher than the oiid ad d say.4 irradtiated SPLX-virgin

* values (respectively. for each TI dose studied). Onl thle other hand, nonirradiaited
and daty-4 irradiated SPX-tntermil GM-CFC were lower than the nonlirradiated
and daky-4 irradiated SPLX-virgin (IM-CFC values, Tito datao demon-,trate thle po-

tenia of the SPLX-niaterlull fenioral inarrow to respond to tile stress of low-dose
1111 with effective Compoensatory orythropoiesiN, possibly at tile expense of granl-

Ktev words. splenetonly - irradiation - lionlopoiesis

* hew Pleell seirves ats tile secondary lo- takes Ott the role of the primaruy site of
Cias for fetal heilopoiesis during the later blood cell formation during tile mlycloid
p has~e of tile hepatic stage of heniato- stiage, Which continukes throughout post-
poictic on1togeity. The bonle marrow natal and adult life of till ii-kman . Unl-

like lte spleen of Ituaas oi- large anti.
Hese.areh wat% conducted ticcordilli; lo lite jtril. m1als. tile mouse spkuel continlues to be

Cili enuniicie ill thle '(iuite lo lte Card 111d heilopoletieally active, and it is anl ian-
(NUe or Lilioritry Animauls." prepaired by the rtilsuc ofome aoyan
Institute of Latboratory Aninuil lv~wive%. Na-

inad HeseCarli Council, la r ay heillopoje"Sis durng anly dks.ISupported by Aimed Force% lRadiolliology Iturbaltice of thie ntorml Physiologic
Reoc Ititute, lDelense Nuclear Agenqy colldit)Io (i.e._ totil-body it-radiat ionl.under lResearclt wor Unit Mi (53I heV l ypo~ia. bleeding. Cheilothenapy. preg-
preened ill t1ik pnper are thwite of lte athos
No edreettby lte lkos Nu lea genlcy hialicy. etc,).
hits becii given %w should tv inforrcd. Studies frotnt our kathoratory (I.as
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well as others (2-7), have shown that irradiated-SPLX-virgin, SPLX-day-14.5 preg-
the changes in homeostatic and immu- nant, and irradiated-SPLX-day-14.5 pregnant

nologic regulation in the pregnant mie
mouse include splenomegaly, anemia, Animals. C57BL/6J female mice (Jackson Labs,
leukopenia, and a shift in erythropoiesis Bar Harbor, Maine), free of lesions of murine

fromthemarow o th speen Siti- pneumonia complex and of oropharyngeal Pseul-
larly, the consequences of splenlectomy dmnssp.wr anando itoWayne Lab-Blox food pellets and acidified water

on mrin medllay an exrameul- (pH 2.5) made available ad libitum. Mice were
lary heniopoiesis have been demonstrat- housed in small cages (5 mice/cage) inl a room

Red, especially regarding the humoral and with a 12-h light-dark cycle. Splenectomy was
cellular responses to various stimuli (8- performed under light anesthesia and aseptic

conditions. Blood was obtained for hematocrit
11).Durig dys 1 to14 o mose peg- (Hct). red blood cell (RBC) count, and white

nancy, splenic erythropoietic activity blood cell (WUC) count from the retroorbital
reaches peak compensatory activity sins plexus of lightly anesthesized mice, before
while marrow erythropoiesis signifi- being sacrificed by cervical dislocation. For each

catydeclines (2.3,7). The present of thc I I groups studied. both femnurs were re-
cantlymoved from three mnice. and the flushed-out mnar-

studies were designed to evaluate the row wats pooled in chilled Supplemented Alpha
compensatory potential of murine bone Modification of Eagle's Medium (SAM) (I) with
marrow in the day- 10. 5 to d&y- 14.5 spie- 2% fetail bovine serumn (heat-inactivated at 560C
nectomnized-pregnant animal to support for 30 111in).

hemopocisis after exposure to cobalt-60 lit vitro asmsuv, Thle bone marrow cell suspen-
radiation. The peripheral blood hemo- sions were plated in icroplasma clot caltures
gram and marrow erythroid- and gran-. I) to assess erythroid progenitor cell activity and
ulocytic-progenitor cells were moni- in double-layer soft agarit cultures (12) to study

tord ad srve ~grallulocyte-maicrophage progenitor cell activity.
tore t~ srve asitndicatotrs Of' One-nil plasmao Clot cultures consisted otf thle

heinopuietic pcriut'bations after total- following ingredients mlaintained Onl ice: ft. I ll
body. low-dose irrladiationl (i.e.. 50 to cell suispension (50.0) nucleated cells), 0.) nil
200) rad). fetal bovinle eruml (ha-nctvtd, .1 til beef

emlbryo extract. O.1 til 10%" bovine seruml al-.
MATERIALS AND) METH'IODS buin I. oil 1,-asparagine (final Concentration

0,02 omgnil), 0.1 til 10 1--tratehnl
Experimenvits were decsigned it) situdy thle ability and 0.I tilleyhooei (a llemia sheep
of bone mnarrow to suppiort hemlopolesis in sple- plasnot~~ step Ill. Coonnatght LaIS. Swiftwater.
nectomlized-Virgin and speetm~dnnenlPennsylvania. il tt). 302.3. 6,7 U/mg protein).
$nice following exposure to low-dose gaomn rn. Immediately before platingt (0.1 til boivine ci-
diation, 1'.eveji groups tit moice were established tilted plasma. mraintained ait 37"C. wats added to
using thle following protocol: Yougautvri thle above mlixture, For elicht prepared cell sus-
feniale mice (6-7 week,. old) were splenecto- peoislon. six 0. 1 -til roicrotiter well cuiltures were
olnized tSlPLX) at tile %allic t11me 6 to 14 week% plated and incubatled at 371C with hutitiie 51'
latter at group of mlice were Inated. on daiy 10.5 COd in air. Colonies of' eight or more benAdlne.
of' preiza"Itcy a group of mlice received at biloteral stained positive cells were counitd as erythrold-
total-bodity irrudiiation ('1111l) exposure of 0I. it). colonly-forotiolgoit; (011r.) from clots with 0.25
100), 1,50), or 21A) rud from thle AFRtRI Cobialt.6t) U Eip/nil and harvested at 484 I of culture 1 1.
gammna radiation source ait a rate of 40 radilmi- So-oral clusters tit nzdnesale positive
lite. flothl SPl.A.virgll and SPI.X-pregilant cells were Counted as tile Younger erylluold-.
ouice were sacrificed firl studly at 4 days afler huirst-formning unit tOU)front clots with 3.0 U
irradiation 6i.e,, day 14.5 oft pregnancy). 'I'lic pe- Lpmul and harvested ait 9 dlays oft culture.
ripheral blood hemitograrn and bione marrow lie. The double-layer stl agar culture procedure
nooictic progenitor cell activity ofill inice were described by Mai:Vittie t 12) was used to studiy
assessed us follows: miuoul-virgin. SPI.X-Virgin, thle grallulocyt-mtucroptago co:o-frmlngcl



4 SPLEN ECTOMY-IRRADIATION-HEMOPOIESIS 851

TABLE I
Peripheral blood hemogran of virgin femnale. splen'czorntized (SPLXb-virgin female, and spleneciomized-day-

14.5 pregnant C5S7BL16J inivea

Virgin SPLX-virgin SPLX-pregnant

Red blood cells (x 106 /mm3) 8.56 t 0.06 8.39 ± 0.17 7.28 ± 0.20Ob
Hematocrit (%) 47.0 t 0.0 47.3 ± 0.5 40.8 ± 0 .8 b
White blood cells (x 103/mm 3) 4.38 ± 0.68 9.61 ± 037lb 8.74 ± 1.05h

"Values expressed as mean ±SEM.

Values significantly different (P < 0.005) from normal-virgin female mice.

(GM-CFC). Pregnant mou se uteri extract (PM U E) pregnant mice splenectomized at the
(2.5% vlv) served as the source of colony-stim- same time were significantly lower
ulating factor. Cultures of 5 x 104 bone marrow
cells plated per ml were incubated at 37'C with (P < 0.005), reflecting the anemia of the

* humidified 5% CO., in air. Colonies (>50 cells) pregnant mice (Table 1). The WBC val-
were counted after 10 days of incubation and ues of both SPLX-virgin and SPLX-
were considered to be derived from CiM-CFC. pregnant mice were significantly higher
Statistical analyses. The data reported from four (P < 0.005) than normal-virgin mice
rcplicate expeiments are indicated as the m~ean (Table 1). Four days after TBI there

4 ~~~~~~~~~values with standard errors for each group. Trheo een ifrne nRCo e
two-tailed Student's t test was used to dtetrmine
t he Statistical significance of group values, counts between the nonirradiated- and

irradiated-SPLX-virgi n animals, or- be-
* IRESU LTS tweell nonirradiated- and irradiated-

SPLX-pregnant mice, Each of the
Peripheral bloodl )wmograin. SPLX-vir- S PLX- pregnant mice RB C antd Het
gin mice. 8-10 weeks after surgery. counts wits lower than those of' the

RUC nd ct alues were about the SPLX-vil'gin animals (Fig I and 2). With
samne as the normal-virgin mice counts each dose of T131. both SPLX-virgin and
(Table 1). However, values of day-14.5-

stKtX C6781.1

SPI.X C579U0o

,/

0 0 10 IO 200 GO0 100 ISO 200
* ~TOTAL (IO MRIATtO 1tt. I OTAL BlODY M$IADIAYION ha~d I

F I'igurc 1, Mean ~:SEW vahte% for itiphetitl Figure I. Mean S I N valhue% for lpenhiheral
* b~Iloodl red cell coanI11 of %letohdvIrgw hlood hellialkwnl Vatlue% of ll~~.~td'I

C0 and gpelcoic~a.145penn in t i) and %ln4tm~ ~~1 r~ntl
0~7111,A) ntic. 4 day,. after loiludy irrai. CO) CS7MAJ mai. 4 days. tller total budWy ir.
lion.rditii



852 SHEILA R. WEINBERG & THOMAS 3. MACVITTIE

SPLX C57 BL/6 SPLX C57BL/6

'I E
E

S 7 a:0
2

x cc

0 s0 100 150 200

TOTAL BODY IRRADIATION ('adI
Figure 4. Mean ± SEM values for femur mar-

0 SC 10 - - row cellularity of splenectomized-virgin (9) and
150 200 splenectomized-day-14.5-pregnant (0) C5781U

4TOTAL BODY IRRADIATION Irad 6.1 mice, 4 days after total-body irradiution.
Figure 3. Mean ±t SEM values for peripheral
blood white cell counts of splenectoniized-virgin
(Y) tind splenetomized-day- 14.5-precgnant (ji) compared to the normal-virgin marrow
CS78L/6i mice, 4 days after total-body irrddia. (Table 2). The data in Fig 4 reflect slight

ti~fl.changes in day-4 bone marrow cilti-
latrity of the irradiated- SPLX- mice,
Whereas doses of 100 rad%( and higher

SPLX-pregnant WBC counts 4 days af- reduced the mean SPLX-virgin marrow
ter exposure were sigtuificently loerd colluirity values, there were no relative
(P' < 0.005) than the nonirradiated- changes noted with SPLX-pregnant
SPLX-mice (Fig ).mice.

Done marroit cedlularity. Splenectorny Marrow erythroidt progenitor velxs. The
caused, A55 increas in thle Virgin fern- mean11 values of two populatoso
oral marrow cellularity and at 2M4 in- marrow CFUp, in SPLX-virgin and
crease in the day- 14.5 progtakt mnarrow SPLX-pregiiant mnice are compared with

TAK

C.NtjNn.~eh't Hlj~l*~' 'd~*I*,i.'d TAULIm .;irth proj.eidlor redh per femurt rin -Mjenutil. Aplent-wren.

~..I ~nur ~Iu~rii ( 1')virht SPLX vhrgin SP Xrgnizt
Veu :1iaiyp 0)I.5, . 0.17 2.4 .0_01. -

CVlK s~ tt Pp (x It") U.06 - 001 0.1 - 0'I 0.9 P
(I tJp, 0.2.1 U EtI.V1nl (p) ri l u 1( 92. 13.0 .10

GM.CVI x t101) 2.9 :r0.5 25 1.1 2.6 -1.1

1rythroid prtspuiltor cells were wi~ayedl ini mivtpla~m~a clot culturc% with 0.25 U Ihgil rtr day.2 (jTUOj Clod
.11A ti 1 i!111 tror doIk4 1IIFUt. IN~gtatiI ll~ ulteri 0~r4111 WA% tod 2% 'twy*l ihatIiti t141wk.

luyer stiI Agu eultui'e for 6M.C.I.
0vWUC% esphrsd as i.,eatz - S1~.1m

" VaUgIU Sign14444Aly Mtiiit (P 1 0.05) 60Wi wOM141-Vi4 Ikt. ,UtiC,
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0.9 SPLX-day-14.5 maternal values were
GMVCC similar to those of normal virgin mice

R8FU- but lower than the SPLX-virgin mice
~. values (Table 2). The day- 14.5 irradiated

SPLX-maternal percent BFUfe r
values were lower than the irradiated-

0.0 SPLX-virgin values (Fig 5).

94 Marrowt granulocyte-inicrophage pro-
I genitor cells. There was no difference

- - -- between the total marrow GM-CFC val-
- ues of normal-virgin, SPLX-virgin, and

- SPLX-maternal mice (Table 2). There
was a more appreciable decrease in the

0 v: I- % GM-CFC/femur 4 days after each
0 5 Wo 50 dose in the SPLX-maternal groups com-

pared to the SPLX-virgin groups (Fig
Figkire S. CS7BL/6J SPLX-virgin M '" 5). The SPLX-maternal mean GM-CFC/

PLXd-14.5-pregnant (P) nmn percent val.
Ues per ferm of hemopoletic progenitor cells 4 femur values were lower than those of
days tifter ThI: Ep-depondent-CF1U1,. Ep-inde- the SPLX-virgin group values.
pendent-MrU., IFUr. and GM-CFC.

DISCUSSION

normal-virgin mice in Table 2.SPLX- Our- expetiments were designed to eval-
pr-egnant mice ip-independent and LIP- uate the Compensatory potential of the

dependeat CFU r were significantly mouse bone marrow. Stress conditions
greater. tiltan values Of nor-1mI lmice such as splenectoniy, pregnancy. and
(P < 0,05). The mcati vlus of~ both total-body irradiation, which Change tile
popullations ot CFlU~ rou11 non1irradiated ph ysiotogical steady-state condition,
and irradiated SPIA-pregnant mnice appeared to initiate Competition be.
were greater than the values fromt non- tween granulopoiesis and crythropoic-
irradiated and irradiated SPLX-virginl sis it, a henlopoictic cnicroellvironmllent
Inice (Wig 5). 11le effect oft'1111 on) mlar- known to be conduel. to granoulopoic.
row crythropoiesis is demonstrated inl sis.
Fig 5 by thle Changes inl thle Oect Ouata for thle virgin mIouse arfe in)

MrU#feiur of both SlPl X-virgin anid accordance with earlier reports showing
SiX-ay- 145 rgnant ice with thatt if lihe spleen were remloved and if

eatl expostire dose. Four days after fle mousec were subijected it) differellt
Cechll d11cose, there was a dierease in stimluli (i.e., irradiation. h1ypoia. Ce.),
S II X-niaternal and SPIA.-virgin femiur there would be a diminished in vivo r~e.
CI:Ur. The lie-Lnt SPl.X-virgill cP.Urf sponsivenecss of marrow to Eip (9). as%
femuitr Value for. eachi group wits lower Well as anl icrease In granutlopoictic
thait the mleanl SilX-tnaternal CFU5 acivity, at the sacriflice of erythropoi-
fentur value at tlh- Natne dose. Splene- es.is% (8). In oUtr hands, qurgical removal
tomy resuilted in a 46% increase in) virginl of lte spleen prodluced a significant in%.
mlice total Inarrow BFU1, values, The crease in lte virgin-miouse peripheral
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blood WBC counts and in both marrow increase in CFU1 ., numbers, did not ex-
erythroid progenitor cells (CFUE. & hibit a chi ne in Ep sensitivity at any
BFUE) but no change in marrow GM- time durYk,~ the stimulated period of
CFC. Four days after TBI, the mean % pregnancy. During ontogenesis, day-
GM-CFC/femur values we.re higher in 14.5-fetal liver CFUE are not only more
the SPLX-virgin groups compared to the sensitive to Ep than adult bone marrow
SPLX-pregnant mice. As expected from CFUE but also consist of a subpopilia-
our previous studies (1), there was a tion oif Ep-indepeneent-CFUF; (7,15).
much greater reduction in both CFUE and Unlike the fetal liver, the SPLX-mater-
BFUF: values of SPLX-virgin mice with nal-marrow Ep-independent-CFUE were
each dose of r-Adiation exposure, corn- radiosensitive to gamma radiation.
pared with the granulocytic progenitor Commencing with 50 rad. there was a
cell values. Values for the SPLX-preg- reduction in the mean percent Ep-in-
nant mouse peripheral blood hemogram dependent-CFU~/femur, and with each
and bone marrow hernopoietic progen- higher dose there was a further decrease
itor cells reflected the anemnia and a in each respective value. Although ve-
medulla-ry shift from granulopoiesis to locity sedimentation studies by Rich and
enha-nced erythropoiesis. with the ap- Kubanek (14) clearly documented a ho-
pearance of a subpopulation of Ep-in- mogeneous CFUF populatio n from adult
deperident-CFUr. These studies sug- bone marrow or whole fetal liver, with
gested that the maternal bone marrow respect to their Ep sensitivity, we ob-
can support erythropoiesis stimulated served two populations, of CFUF, in tile
by p-egna-,ncy-induitced anemiiia in the ab- mnarrow of nonirradiated- and irradi-
sence of thle spleen. ated-SPI.X-pregnAnt miice.

Studies from our laboratory (1) Trhere is an obvious difference be-
showed that low-dose T131 to thle day- tween lte SPL.X-pregnant mrrv tind
10.5 intact pregnant mouse caused it fur. the normal-pregnant marrow. Still un-

*titer suppression in fecovw-y of thle day- clear is tho underlying miechanismn that
'45meulry erythro isis. with at caused tile change in mar11row ilireen-

concomitant and significant increase in vironnment fron at site predominantly
ilatkernal spleenl erythropoictic activity. granulopoletic in thle virgin miouse and
Potential of the SPL.X-ilnaternial marrow pregnant mouse to it site of increaised
to i-espond to lte stress of low-dose erythropoietic activity ill tile SPl11-a-
gaima radiation wits demtonstrated ill ternadl molse. Perhalls remlovall of lte
thle present studies, With effective coinl- spleenl cauises at chanlge in thle regulatory
pollsatory crythropoiesis. mcanisil for arythropoicesi% (i.e.. al

Appearance of an ip-independent sence of -.n inhibitor fitctor produced by
population of CFUr' inl the SI'l .X-d;,y- lte spleen). Inasmuch ats lte mnouse is
14.5 matternal marrow was not expect- Unitite with 41 hemn0poietictillv aictive
ed. especia-lly si (ce these cells wer~e not spleen during adult life. -imdies are pres-
obsel-vedl inl our previous studies with etly bking conducted in our- laboratory
irradiated-pregnant mnice (1) or in stud- with a dog momdel to understand further
ies done by Rich and Kubanek (7.14). lte regulatory inehanisms operative in
Furthermiore. maternal splenie eryth- thle norial and thle perturbed Physio-
mopoicsis. which resulted itt a 40-fold logic steady-state condition.
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