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The problem of regulation of erythropoie-
sis by erythropoietin during fetal life, al-
though the subject of several studies, remains
unsolved. Induced polycythemia or bilateral
nephrectomy in the rat or mouse mother does
not alter erythropoiesis in the 16 day old
fetus, while maternal erythropoiesis is pro-
foundly depressed (1, 2). This indirect type of
observation is in contrast with observations
performed directly in hypertransfused poly-
cythemic lamb fetuses, where the rate of red
cell production appears to be reduced, sug-
gesting the existence of a mechanism of hu-
moral regulation of erythropoiesis similar to
that of adult (3; 4).

Several studies on short term cultures have
demonstrated that erythropoietin affects fetal
liver cell suspensions from 13 to 16 day old
fetuses, supporting the hypothesis of eryth-
ropoietin-dependent fetal erythropoiesis in
mouse (1, 5, 6). However, analogous studies
made in a culture system which reproduces
the environmental characteristics of the in
vivo situation (Diffusion Chambers (7)) did
not confirm such hypothesis in the mouse (8).

Our studies with the Diffusion Chamber
technique on the effect of erythropoietin on
fetal liver cultured as whole in comparison to
fetal liver cell suspensions were performed to
elucidate this problem. Differentiation along
all the hemopoietic lines was determined dur-
ing a 10-day culture period.

Materials and methods. Female CF1 mice,
14-15 weeks old, were mated 16% days before
surgery and used as fetus donors. Virgin fe-
male CF1 mice, 10-12 weeks old were used
as Diffusion Chamber (DC) hosts. They were
randomized in two treatment groups. Host
mice of the Ist group received no pretreat-
ment at all. Host mice of the 2nd group were
bled 0.5 ml by cardiac puncture on the 6th,
4th and Ist days before DC implantation.

' Supported in part by Research Grants HL 07542
and RR 05587 from the National Institutes of Health.
2 Deceased.

Reticulocytes and hematocrits of each mouse
in this group were tested the day before sur-
gery, and mice with hematocrit higher than
40% or reticulocytes lower than 6% were dis-
carded. Fetal livers were inserted in 4 mm
deep DCs either as whole organ or as cell
suspension of two different concentrations:
50 X 10° cells/DC (same cell concentration
of the whole organ, as direct control for an
environmental action), and 1 X 10° cells/DC
(better cell concentration for proliferation in
DCs, as result of a previous pilot experiment);
cells were cultured by the DC method de-
scribed by Tyler (11) and cells were harvested
at intervals up to 10 days after implantation
from groups of 2-8 mice per experiment. Five
experiments were performed. Imprints of tis-
sue and cytocentrifuge smears were made,
stained with Benzidine stain and counter-
stained with Wright-Giemsa stain. Two-
three hundred cells were recognized on two
different smears by a single observator. One-
two DCs per group were used as histological
controls.

Results. Hematocrits and reticulocyte per-
centages of both groups are shown in Table
L

In the nontreated group no over all differ-
ence in total cellularity per DC was found
between fetal liver cultured as the whole or-
gan or as a cell suspension (Fig. 1). The
suspension showed a decrease in cellularity
during the Ist day of culture, as described by
Marmor et a/ (12) in bone marrow cell DC
cultures and Symann et al. (8) in fetal liver
cell cultures. The initial drop in cell number
was followed by a plateau. Although the total
cellularity was in the suspension at every
point slightly lower than in the liver, this is
more likely to be an effect of the initial
manipulation rather than a true difference.
We assumed that cell viability was preserved
mainly on the ground of previous works (9,
10) demonstrating in the same experimental
conditions that stem cells were preserved and

201

0037-9727/78/1582-0201$01.00/0
Copyright © 1978 by the Society for Experimental Biology and Medicine
All rights reserved



202 FETAL LIVER AND DIFFUSION CHAMBERS

TABLE . HEMATOLOGICAL PARAMETERS OF CF1 HosT MIicE oF DCs (B = BLED, C = CONTROL UNBLED)
VALUES ARE MEAN £ SE.

Days of
culture in Number of Treatment Number of
DCs samples group Hematocrit % Reticulocytes % samples

—1 _ C _ — —

206 B 34.5 0.1 20.0 + 0.9 78

I 9 C 472+ 07 27 %03 8

14 B 397+ 0.7 21222 I

2 12 C 447 %06 1.8+ 02 10

1S B 40.0 x 1.1 19319 10

3 20 C 46.6 + 0.6 1.6 £ 04 13

38 B 41.0 + 0.6 16.6 + 1.2 34

4 10 C 46.4 0.5 1.8+ 08 8

10 B 418+ 0.8 10.1 + 0.9 10

6 6 C 452+20 1.5+ 09 6

12 B 448 £ 0.2 55+09 12

7 18 C 458 £ 1.0 26+02 11

30 B 46.1 £ 0.5 6.0 £ 0.5 25

10 10 C 449 + 04 1.9+ 02 9

9 B 4.7+ 1.2 35+03 9
ratio finding at every point higher values for
the cultured organ. Macrophages were always
significantly higher in number in the organ
Q ot Lo (O than in the suspension. Lymphocytes, which
N et tver fOrgany were few in both groups, disappeared by the
g9 7 6th day of culture. Megakariocytes were seen
_ neither in the original suspension nor during

Fetal Liver (Cell suspension) ¢ o .
i B the culture period.

Cellularity of DCs implanted in bled and
12 3 4 6 7 10 DAYS unbled host mice during the 10 day culture
FiG. 1. Total numbers of nucleated cells after culture ~ period is shown in Fig. 2: in repeated exper-

of fetal liver in DCs implanted in CF1 host mice. Values
are mean * SE of 6-11 DCs per group.

also able to self renew, before and after DC
culture. Anyway, trypan blue viability test
was done on the original suspension in the
first two experiments showing respectively
85.5 and 89% viable cells.

Differential counts (Table 1) showed that
erythropoiesis was preserved better in the
cultured organ than in the cell suspension.
Immature erythroblasts were present until the
7th day of culture in the organ, while they
disappeared from the suspension after the 4th
day of culture. The total number of erythro-
blasts harvested from the cultured organ was
at every point, except day 2, significantly
higher than in the cultured suspension. Gran-
ulocyte number, which was higher during the
first two days in the cultured organ, was then
found to be below the conresponding suspen-
sion level, although never significantly. We
also extrapolated the erythroid/granulocytic

iments only on the 3rd and 4th days of culture
did fetal liver show a better growth in bled
hosts than in unbled. By the 6th day, the
implanted whole organ in bled host mice
reached the control level, and by the 10th day
was slightly below it.

When a fetal liver cell concentration/DC
of 1 x 10° cells was tested in contrast to the
50 x 10° cells/DC, no difference in cell num-
bers have been found in bled and control
hosts throughout the duration of the culture.

When fetal liver cell differentiation was
studied in bled and unbled host mice, the
only difference which could be attributed to
a response to the increased endogenous eryth-
ropoietin between cultured cells in bled and
unbled hosts was found in the cultured organ
(Table I1I). When observed in DCs implanted
in bled mice at the 3rd and 4th days of
culture, the erythroblasts were found to be
significantly increased in number and a con-
comitant increase in cellularity and in eryth-
roid/granulocytic ratio on the same days was
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TABLE 1. CELLULAR COMPOSITION OF FETAL LIVER ORGAN (O) AND FETAL Liver CELL SUSPENSION (S)
CULTURED IN DCs iN NONTREATED CFl HosT MICE. VALUES X 10° = SE OF THE MEAN.

Days Num- Erythroid/
of cul- ber of Granulo-
ture in sam- Erythroblasts ~ Granulocytes ~ Macrophages ~ Lymphocytes cytic Ra-

DCs ples Group X 10°/DC x 10"/DC x 10°/DC x 10"/DC tio

0 6 — 342 +34 54+ 1.5 0.6 £0.2 0.7 +02 6.3
1 7 0 310 £ 1.8 8.7 +0.97 3.1 +057 0.2 +0.07 3.6
9 S 11.9 %+ 1.0 43+ 10 1.0£03 0.1 +£0.07 2.8

2 9 0 134 + 1.4 6.4 + 0.8 33 + 0.5 0.2+0.1 2.8
10 S 11.0 £ 0.9 3905 1.6 £0.2 0.2 +0.04 2.1

3 8 O 49+ 0.8 52+04 32+05" 0.2 £ 0.05 0.9
11 S 2205 6.1 £ 1.0 1.9+04 0.1 £ 0.06 04

4 8 (0] 45+ 1.0° 5607 33+08" 0.1 £ 0.06 0.8
9 S 2004 6.7+ 0.6 22+02 1.0 + 0.03 0.3

6 9 0 2.0 0.6 39+05 23 +04¢ 0 0.5
7 S 0.5 + 0.08 47 +04 1.0 +0.09 0 0.1

7 7 (o) 1.4 + 0.2 2.1 £ 0.6 2.8 £ 0.6 0 0.7
6 S 0.5+ 0.1 40+ 09 1.0 +0.09 0 0.1

10 1l (0] 1.9 £ 0.5° 28+04 3.0 0.5 0 0.7
7 S 0.5 +02 34407 12+02 0 0.1

“P<0.1

* P <0.05.

“P<0.02.

‘P<00l

‘P <0.002.

DC and the process of cell differentiation and
(’;:“L ;'““ FETAL LIVER maturation. The present experiment was

LA ole Organ ) B Cell Suspension .
’ ey, done in the attempt to compare the cell

o T, M“*«\-\ rowth pattern and the differentiation of fetal
g . g p
5 ey liver, cultured as whole organ or as cell sus-
E pension. A cellular growth over the initial

T R B B S e S number of cells in the DCs was not observed
oAYS DAYS in culture of fetal liver either as whole organ

FiG. 2. Total numbers of nucleated cells after culture
of fetal liver in DCs implanted in normal (@——@®) and
bled (O----- O) CF1 host mice. Values are mean + SE
of 6-14 DCs per group. * = P < 0.02.

observed. Erythroblasts continued to be
slightly above the control values through day
7. No significant difference was found in the
number of granulocytes and macrophages, in
the two types of hosts. Megakaryocytes were
not observed. Control histological sections
showed a maintained lobular structure of the
whole livers up to 10 days of culture.

When fetal liver cell suspensions were stud-
ied in the same conditions, no differences in
number were found either in total or in dif-
ferentiated cells (Table IV). ’

Discussion. The most important contribu-
tions given by the DC culture technique in
studying developmental cell systems have
been the evaluations of the growth fraction
of the total number of cells inserted into the

or cell suspension. Both fetal liver cultures,
after a 4-day period of decline in cellularity,
reached a plateau phase at a lower and pos-
sibly optimal cell level. Growth failure may
have been due to the high concentration of
cells initially put into the chambers and to
the absence of preirradiation of DC hosts.
Niskanen et al. (13) in bone marrow cultures
and Symann et al. (8, 10) in fetal liver cul-
tures, have shown that total cellular growth
and CFU-S recovery in DCs are dependent
on cellular concentration.

The evaluation of the parameter of cell
differentiation showed some differences be-
tween organ and cell suspension.

Differential counts showed that organ cul-
tures of fetal liver maintained erythroid dif-
ferentiation during all the culture period:
erythroblasts were seen until the 7th day and
represented ¥ of all the total cells at the 10th
day, suggesting that the fetal liver constitued
an ecological situation favorable for erythroid
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TABLE 1. CeLLuLar CoMpPOSITION OF FETAL LIVER ORGAN CULTURED IN DCs IN BLED (B) AND CONTROL
UNBLED (C) CF1 Host MicE. VaLues X 10" + SE oF TiiE MEAN.

Days of Erythroid/
culture in ~ Treatment Number Erythroblasts Granulocytes Macrophages Granulocytic
DCs group of samples x 10"/DC x 10"/DC X 10°/DC Ratio
0 — 6 342+40 54+ 15 0.6 +0.2 6.3
1 B 7 251 +£35 74+ 10 1.6 +0.4 34

C 7 3.0+ 1.8 87 + 09 31 +05 36

2 B 8 195 3.7 6.0%13 3.0 +£07 32

C 9 134+ 14 64+ 08 3305 2.8

3 B 8 1.8+2.1" 4804 3l +06 2.5

C 8 4908 52+04 3205 0.9

4 B 8 89 = 14" 64+ 1.0 38+04 1.4

C 8 45+ 1.0 5.6 £0.7 33+08 0.8

6 B 8 2507 3004 23+05 0.8

C 9 20+ 06 39+0S5 23+04 0.5

7 B 8 2005 27207 19 +£03 0.7

C 7 1.4 +£0.2 2.1+ 06 28+ 0.6 0.7

10 B 8 1.8 0.4 2603 2603 0.7

C It 19+05 28+04 30+0.5 0.7
“P<0.02.
“P <00l

TABLE 1V. CeLLuLArR COMPOSITION OF FETAL LIVER CELL SUSPENSION (50 X 10" Crrrs/DC) CULTURED IN
DCs iNn BLED (B) AND CONTROL UNBLED (C) CF1 HosT MickE. VALUES X 10" = SE oF THE MEAN.

Days of Erythroid/
culture  Treatment Number Erythroblasts X Granulocytes Macrophages Granulocytic
__in DCs group  of samples " 10°/DC x 10°/DC x1oypc  Ratom

0 - 6 342+ 40 54+ 15 0.6 £02 63
! B 9 74 +0.7 56 £08 1.5+04 1.3

C 9 9 £ 10 47x09 1.0+03 28
2 B 7 108 + 1.3 52+£06 19+03 2.1
C 10 1O £09 3905 1.6 0.2 2.1
3 B 9 3507 5406 2306 0.6
C 11 2205 6.1+1.0 19+04 0.4
4 B 10 3.1 +£09 6.6 £0.5 2404 0.5
C 9 2004 6.7 £0.6 2202 0.3
6 B 8 0.8 +0.2 54+ 1.0 1.1 x£0.1 0.1
C 7 0.5+0.08 4704 1.0 % 0.09 0.1
7 B 6 0.8+03 28+04 0702 03
C 6 0.5+ 0.1 40+09 1.0 £ 0.09 0.1
10 B 6 0.1 £0.04 3103 1.1 x02 0.03
C 7 05+02 3407 12+0.2 0.1

cell differentiation. Granulopoiesis also was
actively proceeding so that after the 3rd day
of culture, granulocytes were as numerous as
erythroblasts. Histology of cultured fetal liver
tissue showed that most of the granulocytic
cells were confined to the external part of the
liver, so that they were exposed more directly
to what is called ‘the DC’s milieu’.
McCuskey (14) has reported that erythro-
poietin influences the fetal liver hemopoietic
microenvironment in vivo by dilating the sin-
usoid sphincters so that mature and maturing
erythrocytes could pass from a storage stage
to the circulation. Analogous studies done on
the spleen in situ led to the suggestion that

erythropoietin does not act directly on the
vasculature but rather on the erythropoietin-
sensitive stem cells which in turn release sub-
stances which are vasoactive (15) and also
probably influences the stromal production
of neutral mucopolysaccharides leading to
the formation of a microenvironment con-
ductive to erythropoiesis (16).

Our data suggest moreover that the fetal
liver microenvironment may be maintained
in an in vivo situation even in absence of
blood flow and erythropoietin may have in-
fluence on such a model of environment.

The only response to erythropoietin in our
studies was found on the 3rd and 4th days of
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culture of whole fetal liver in DCs, when
erythroblasts were significantly higher in DCs
of bled than of unbled host mice. The fetal
liver parenchyma, as judged from the histo-
logical sections and the number of macro-
phages, was not modified. Erythopoietin
could act to enhance erythroid differentiation
only in collaboration with the appropriate
environment, in this case the fetal liver when
present as the organ but not as a cell suspen-
sion. Therefore, the parenchymal and struc-
tural components of fetal liver appeared to
play an important role in the erythropoietic
effect of the hormone.

Summary. Murine fetal liver was cultured
in diffusion chambers (DC) either as the
whole organ or as a cell suspension of equiv-
alent concentration. Only the cultured organ
was able to maintain erythroid differentiation
during the 10-day culture period, suggesting
the influence of maintaining an environment
favorable to erythropoiesis. When diffusion
chambers were implanted in bled host mice,
erythropoiesis was enhanced in the cultured
whole organ, but not in the cultured celt
suspension, suggesting a cooperative action
of erythropoietin and the microenvironment
in inducing erythroid differentiation.

The authors wish to thank Mr. Robert McCready for
his excellent technical assistance.
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