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The effect of splenectomy (SPLX) and total-body irradiation (TBD (50-200 rad) on
virgin and pregnant mouse hemopoiesis was studied, using peripheral blood he-
mogram values and femoral marrow hemopoigtic progenitor cell activity (i.e.,
CFU,, BFU,. and GM-CFC). The SPLX-maternal red cell counts and hematocrit
values were lower than those of SPLX-virgin mice, reflecting the anemia of preg-
nancy. But the white cell counts of both SPLX-virgin and SPLX-day-14.5 pregnant
mice were significantly higher (£ < 0.008) than normal-virgin mice. Both nonir-
radiated und day-4 irradiated SPLX-maternal marrow Ep-independent and Ep-de-
pendent CFU, were higher thun the nonirvadiated and day-4 irvadinted SPLX-virgin
values (respectively, for each TBI dose studied). On the other hand, nonirradiated
and day-4 irradinted SPLX-maternal GM-CFC were lower than the nonirradiated
and day-4 irradinted SPLX-virgin GM-CFC values, The duta demonstrate the po-
tential of the SPLX-maternal femornd marvow to respond 1o the stress of low-dose
T8l \\{i!h effoctive compensatory erythropoiesis, possibly at the expense of gran-
ulopoiasis.

Kexv words:  splencctomy ~ irvadiation - hemopolesis

The spleen serves as the secondary lo-
cus for fetal hemopoiesis during the later
phase of the hepatic stage of hemato-
poictic ontogeny. The bone marrow
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takes on the role of the primary site of
blood cell formation during the myeloid
stage, which continues throughout post-
natal and adult life of all mammals. Un-
like the spleen of humans or large ani-
mals, the mouse spleen continues to be
hemopoictically active, and it is an im-
portant source of compensatory and
auxilinry hemopoicsis during any dis-
turbance of the normal physiologic
condition (i.e.. total-body irradiation,
hypovia, bleeding. chemotherapy, preg-
nancy, ete,).

Studies from our laboratory (1), as

¢




850 SHEILA R. WEINBERG & THOMAS J. MACVITTIE

well as others (2-7), have shown that
the changes in homeostatic and immu-
nologic regulation in the pregnant
mouse include splenomegaly, anemia,
leukopenia, and a shift in erythropoiesis
from the marrow to the spleen. Simi-
larly, the consequences of splenectomy
on murine medullary and extramedul-
lary heniopoiesis have been demonstrat-
ed, especially regarding the humoral and
cellular responses to various stimuli (8-
11). During days 11 to 14 of mouse preg-
nancy, splenic erythropoietic activity
reaches peak compensatory activity
while marrow erythropoiesis signifi-
cantly declines (2.3,7). The present
studies were designed to evaluate the
compensatory potential of murine bone
marrow in the day-10.5 to day-14.5 sple-
nectomized-pregnant animal to support
hemopoeisis after exposure to cobait-60
adiation. The peripheral blood hemo-
gram and marrow erythroid- and gran-
ulocytic-progenitor cells were moni-
tored and served as indicators of
hemopoietic perturbations after total-
body, low-dose irradiation (i.c., 50 to
200 rad).

MATERIALS AND METHODS

Experiments were designed to study the ability
of bone marrow to suppart hemopolesis in sple-
nectomized-virgin and splenectomized-maternal
mice following exposure 1 low-dose gamnw ra.
dintion. Bleven groups of mice were established
using the following protocol: Young adult virgin
fenle mice (h=7 weeks old) were splenceto-
mized (SPLX) ot the sume time: 6 to § weeks
Tater a group of mice were mated; on day 108
of pregrancy a group of mice received u bilateral
total-bauly irvudition (THI exposure of 0, SO,
10, 150, or 200 rad from the AFRRIE cobalt-60
pamnie radiation source wt a rate of 40 vdini-
nute. Both SPLX-virgin and SPLX-pregaant
mice were sucrifived for study at 4 days after
ievidiation (e, day 14,5 of pregaancy). The pe-
ripheral blood hemogram and bone imarrow he-
wpaictiv progenitor cell activity of all mive were
unsessed us follows: normal-virgin, SPLX virgin,

irradiated-SPLX-virgin, SPLX-day-14.5 preg-
nant, and irradiated-SPLX-day-14.5 pregnant
mice.

Animals. C57BL/6] female mice (Jackson Labs,
Bar Harbor, Maine), free of lesions of murine
pneumonia complex and of oropharyngeal Pseu-
domonas spp., were maintained on a diet of
Wayne Lab-Blox food pellets and acidified water
(pH 2.5) made available ad libitum. Mice were
housed in small cages (5 mice/cage) in a room
with a 12-h light-dark cycle. Splenectomy was
performed under light anesthesia and aseptic
conditions. Blood was obtained for hematocrit
(Hct), red blood cell (RBC) count, and white
blood cell (WBC) count from the retroorbital
sinus plexus of lightly anesthesized mice, before
being sacrificed by cervical dislocation. For each
of the 11 groups studied, both femurs were re-
moved from three mice, and the flushed-out mar-
tow was pooled in chilled Supplemented Alpha
Maodification of Eagle’s Medium (SAM) (1) with
2% feral bovine serum (heat-inactivated at 36°C
for 30 min).

In vitro assays, The bone marrow cell suspen-
sions were plated in microplsma clot ctitures
(1) to nssess erythroid progenitor cell activity and
in double-layer soft ugar cultures (12) to study
granulogyte-mucrophage progenitor cell activity.

One-ml plasma clot cultures consisted of the
following ingredients maintained on ice: 6.1 ml
cell suspension (SO0 nucleated cells), 0.3 ml
fetal bovine serum theat-inactivated), 4.1 ind beef
embryo extract, (L1 mb 1062 bovine serum al-
bHumin, 0.1 mi L-asparagine (inal concentration
0.02 mg/mi), 0.0 ml 10 M-Jamercaptocthanod,
and 0,1 ml erythropotetin (Ep) tanemin sheep
plasma, step HE Connuught Labs, Swiftwater,
Pennsylvanin, ot no. 30233, 6.7 Ulmg protein).
Immedintely before plating, 0.1 ml bovine -
trated plasma, maintained at 37°C, was added to
the above mixture. For ench prepaved cell sus.
peasion, vix O, 0-ml micratiter wel cultuves were
plated and incubated at APC with humiditied $°¢
CO, in aiv. Colonies of eight oF more benzidine.
stuined positive cells were ¢otteu as erythvold.
volony-forming units (CFU,) from ¢lots with 0,28
U Epdml and hirvested an 48 b of culture (1),
Several clusters of benzidine-stained  positive
cells were voured ay the younger erythroid.
burst-forming uait (BEU) from clots with A0 U
Epfml and harvested at 9 days of cullure.

The double-luyer solt agar culture procedure
described by MacVittie (12) was usedd to sty
the granvlocyte-nuicrophage colony-forning cell
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TABLE 1
Peripheral blood hemogram of virgin female, splencctomized (SPLX)-virgin female, and splenectomized-day-
14.5 pregnant C57BL/6J mice®

Virgin SPLX-virgin SPLX-pregnant
Red blood cells (x 10F/mm?) 8.56 = 0.06 8.39 + 0.17 7.28 = 0.20°
Hematocrit (%) 47.0 = 0.0 473 + 0.5 40,8 + 0.8°
White blood cells (x 10¥/mm?) 4,38 = 0.68 9.61 + 0.71® 8.74 x 1.05*

* Values expressed as mean + SEM.

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

(GM-CFC). Pregnant mouse uteri extract (PMUE)
(2.5% viv) served as the source of colony-stim-
ulating factor. Cultures of 5 % 10* bone marrow
cells plated per ml were incubated at 37°C with
humidified 5% CO, in air. Colonies (>>50 cells)
were counted after 10 days of incubation and
were considered to be derived from GM-CFC.

Statistical analvses. The data reported from four
replicate experiments are indicated as the mean
vilues with standard errors for each group. The
two-tailed Student's 7 test was used to determine
the statistical significance of group values.

RESULTS

Peripheral blood hemogram. SPLX-vir-
gin mice. 8-10 wecks after surgery,
RBC and Hct values were about the
same as the normal-virgin mice counts
(Table 1). However, values of day-14.5-
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Figure 1. Mean = SEM values for penpheral
Mood red cell counts of splenectmized-virgin
(2) and splenectomized-dav- 14, S-preginant (§)
CSIBLIGS mive, 4 days afier tolal-body irrudiae
tioan.

pregnant mice splenectomized at the
same time were significantly lower
(P < 0.005), reflecting the anemia of the
pregnant mice (Table 1). The WBC val-
ues of both SPLX-virgin and SPLX-
pregnant mice were significantly higher
(P < 0.005) than normal-virgin mice
(Table 1). Four days after TBI there
were no differences in RBC or Hct
counts between the nonirradiated- and
irradiated-SPLX-virgin animals, or be-
tween nonirradiated- and irradiated-
SPLX-pregnant mice. Each of the
SPLX-pregnant mice RBC and Hct
counts was lower than those of the
SPLX-virgin animals (Fig 1 and 2). With
each dosc of TBI., both SPLX-virgin and

SPLX Cg7BL/6

0 60 100 160 200
TOTAL BODY IRRADIATION frad |
Figure 2. Meun « SEM values for peripheral
blomd hematverit values of splenectomized-vir-
gitj ) ad splencetomized-duy-14.5-preganm
() CSTRLA mive, 4 days abter total-bdy ir
rudiantion.
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r SPLX Cg7 BL/6 SPLX C57BL/6
]9 a9
st |4 ‘Pf ?{
g % .5 |
x 70|17 2z
B / iz
; 2 o % g9
@ / 3 1ir
3 / vy 5":
3r é ol
% 0 50 100 150 200
,L % TOTAL BODY IRRADIATION (rad )
7 Figure 4. Mean * SEM values for femur mar-

5C 100 160 200
TOTAL BODY IRRADIATION (rad )

Figure 3. Mean £ SEM values for peripheral
blood white cell counts of splenectomized-virgin
(?) and splenectomized-day-14.5-pregnant ()
CSTRL/6) mice. 4 days after total-body irradia-
tion.

(]

SPLX-pregnant WBC counts 4 days af-
ter exposure were significently lower
(P < 0.00%) than the nonirradiated-
SPLX-mice (Fig 4).

Bone marvow cellularity. Splenectomy
caused a §5% increase in the virgin fem-
oral marrow cellularity and a 200 in-
crease in the day-14.5 pregnant marvow

row cellularity of splenectomized-virgin (?) and
splenectomized-day-14.5-pregnant (¢) CS7TBL/
6J mice, 4 days after total-body irradiation,

compared to the normal-virgin marrow
(Table 2). The data in Fig 4 retlect slight
changes in day-4 bone marrow cellu-
larity of the irradiated-SPLX-mice,
Whereas doses of 100 rad and higher
reduced the mean SPLX-virgin marrow
cellularity values, there were no relative
changes noted with SPLX-pregnant
mice.

Marrow ervthroid progenitor cells, The
mean values of two populations of
marrow CFUg in SPLX-virgin and
SPLX-prognant mice are compared with

TABLE 2
Commparison of marrne eollidarity and hemopoictie progenitor cells pee fomur i virgin-Jemale, apleneeto
mized (SPLX pvirginfomale, and splenectomized-day-.S pregrant-fomale CSIBL0D mive

Virgin SPLXevirgin SPLX:pregnant
temur cellulurity (%109 §.8% 007 2400 1.8 =01
CFUg, no Bp (8108 0.06 = 0.0% 0t =00 09 ~ 08
CFUg, 0.28 U Bpvml (%109 ol = 16 9.2 =2 13.0 = A
BEUg, L0 U Bphind (5107 1.5 =0 00 1L.f =08

GM-CFC (3104

39 = 0" )

28 =1 26 =10

Brythroid progenitor cells were axsayed in microplasmia ot cultures with 0.28 U Bp'a) fur day-2 CEU, amd
L0 units Bpfnd for day-9 BEU,. Pregiunt mouse ulert eatiwtl was used as coluny-stimulating Vactwr in double.
tayer soft agar cultures for GM-CFC,

* Vaues expressed as mean + SEM.

* Values signiflcantly different (£ < 0.0%) fiom avrmal-virgin female mice.
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Figure §. C37BL/6) SPLX-virgin (V) and
SPLX-day-14.5-pregnant (P) mean percent val-
ues per femur of hemopoietic progenitor eells 4
duys after TRL: Ep-dependent-CFU,, Ep-inde-
pendent-CFU,., BFUy. and GM-CFC,

normal-virgin mice in Table 2. SPLX-
pregnant mice Ep-independent and Ep-
dependent CFU, were sigaificantly
greater than values of normal mice
(P < 0,08). The mean values of both
populations of CFU, from nonivradiated
and irradiated SPLX-pregnant mice
were greater than the values from non-
irvadiated and irradiated SPLX-virgin
mice (Fig 5). The eftect of TBI on mar-
row erythropoiesis is demonstrated in
Fig § by the changes in the percent
CFEU/femur of both SP1LX-virgin and
SPLX-day-14.5 pregnant mice with
each exposure dose. Four days after
pach TBI dose, there was a decrease in
SPLX-maternal and SPLX-virgin femur
CEUp. The mean SPLX-virgin CFU,/
femur value for each group was tower
than the mean SPLX-muternal CFU/
femur value at the same dose. Spleace-
tomy resulted ina 46% increuse in virgin
mice total marrow BEU, values, The

SPL.X-day-14.5 maternal values were
similar to those of normal virgin mice
but lower than the SPLX-virgin mice
values (Table 2). The day-14.5 irradiated
SPLX-maternal percent BFUg/femur
values were lower than the irradiated-
SPLX-virgin values (Fig 5).

Marrow granulocyte-macrophage pro-
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
% GM-CFC/femur 4 days after each
dosc in the SPLX-maternal groups com-
pared to the SPLX-virgin groups (Fig
5). The SPLX-maternal mean GM-CFC/
femur values were lower than those of
the SPLX-virgin group values.

DISCUSSION

Our experiments were designed to eval-
uate the compensatory potential of the
mouse bone marrow, Stress conditions
such as splenectomy, pregnancy, and
total-body irradiation, which change the
physiological steady-state condition,
appeared to initiate competition be-
tween granulopoiesis and erythropoie-
sis in ahemopoictic microenvironment
known to be conducis e to granulopoic.
sis.

Our data for the virgin mouse are in
accordance with carlier reports showing
that if the spleen were removed and if
the mouse were subjected to different
stirauli (i.¢., irvadiation, hypoxia, ete.),
there would be a diminished in vivo fe-
sponsivencss of marrow o Ep (9). as
well as an increase in granulopoictic
activity, at the sacrifice of erythropoi-
esis (B). In our hands, surgical removal
of the spleen produced a sigaificant in.
crease in the virgin-mouse peripheral
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854 SHEILA R. WEINBERG & THOMAS J. MACVITTIE

blood WBC counts and in both marrow
erythroid progenitor cells (CFUy &
BFU;) but no change in marrow GM-
CFC. Four days after TBI, the mean %
GM-CFC/femur values wsre higher in
the SPLX-virgin groups compared to the
SPLX-pregnant mice. As expected from
our previous studies (1), there was a
much greater reduction in both CFUy and
BFUj values of SPLX-virgin mice with
each dose of radiation exposure, com-
pared with the granulocytic progenitor
cell values. Values for the SPLX-preg-
nant mouse peripheral blood hemogram
and bone marrow hemopoictic progen-
itor cells reflected the anemia and a
medullary shift from granulopoiesis to
enhanced erythropoiesis, with the ap-
pearance of a subpopulation of Ep-in-
dependent-CFU. These studies sug-
gested that the maternal bone marrow
can support erythropoiesis stimulated
by pregnancy-induced ancinia in the ab-
sence of the spleen.

Studies from our laboratory (1)
showed that low-dose TBI to the day-
10.5 intact pregnant mouse caused a fur-
ther suppression in vecovery of the day-
14.5 medutlary erythropoiesis. with a
concomitant and significant increase in
maternal spleen erythropoictic activity,
Potential of the SPLX-maternal marrow
o respond to the stress of low-dose
gamma radintion was demonstrated in
the present studies, with effoctive com-
pensitory erythropoiesis,

Appearance of an Ep-independent
popilation of CFUy in the SPLX duy-
14.5 wmaternal marrow was not expect-
ed, especially since these colls were not
abserved in our previous studies with
irradiated-pregnant mice (1) or in stud-
ies done by Rich and Kubanek (7.14).
Furthermore, maternal spleaic eryth-
ropuicsis, which resulted in a 20-fold

increase in CFUy, numbers, did not ex-
nibit a chrmge in Ep sensitivity at any
time duri.r the stimulated period of
pregnancy. During ontogenesis, day-
14.5-fetzl liver CFUy, are not only more
sensitive to Ep than adult bone marrow
CFU,, but also consist of a subpopula-
tion of Ep-independent-CFU, (7,15).
Unlike the fetal liver, the SPLX-matey-
nal-marrow Ep-independent-CFU, were
radiosensitive to gamma radiation.
Commencing with 50 rad, there was a
reduction in the mean percent Ep-in-
dependent-CFU/femur, and with each
higher dose there was a further decrease
in each respective value. Although ve-
locity sedimentation studies by Richand
Kubanek (14) clearly documented a ho-
mogencous CFU, population from adult
bone marrow or whole fetal liver, with
respect to their Ep sensitivity, we ob-
served two populations of CFUy in the
marrow of nonirradiated- and irvadi-
ated-SPLX-pregnant mice.

There is an obvious difference be-
tween the SPLX-pregnant marrow and
the normal-pregnant marrow, Still un-
glear is the underlying mechanism that
caused the change in marrow microen.
vironment from a site predominantly
granulopoietic in the virgin mouse and
pregnant mouse o a site of increased
erythropoietic activity in the SPLX-ma.
ternal mouse. Perhaps removal of the
spleen conses a change in the regulatory
mechanism for erythropoiesis (i.e.. ab-
senee of an inhibitor fuctor produced by
the spleen). Inasmuch as the mouse is
unigue with a hemopoietically active
spleen during adult life, studies arc pres-
ently being conducted in our laboratory
with a dog model to understand further
the regulatory mechinisms operative in
the normal and the perturbed physio-
logic steady-state comdition,

¢
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