
The increased number of HHF in splenectomized mice primarily reflected

greater numbers of erythroid foci compared to the sham-operated mice (Table

1). In both groups, less than 20,, of the foci were composed of collections of

large, presumably immature cells. Granulocytic foci constituted less than 10

of all foci during the first 2 wk and thereafter increased to 15-24. The pro-
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Table 1. Development of Hepatic Hematopoiesis During 4 wk

of Methylcellulose Injections

Hepatic Hematopoietic Foci

Week Operation

.
Hematocr8

(%)

(1 � SE)

(per 200 Microscopic Fields)

(x ± SE)

Total Erythroid Granulocytic Megakaryocytic Unidentified

1 Splenectomy 43 ± 1 43 ± 7 26 ± 5 1 10 ± 1 6 ± 2

Sham 41±1 13±3t 7±2t 1 3±it 2

2 Splenectomy 31 ± 1 lii ± 14 55 ± 9 7 ± 1 33 ± 7 16 ± 3

Sham 32±1 96±13 47±5 6±1 31±9 10±2

3 Splenectomy 31 ± 1 229 ± 31 121 ± 15 34 ± 6 51 ± 15 23 ± 5

Sham 35 ± it 108 ± 18t 29 ± lit 22 ± 3 42 ± 7 13 ± 2

4 Splenectomy 33 ± 1 204 ± 23 105 ± 22 32 i� 8 34 ± 4 33 ± 4

Sham 35 � 1 139 ± 21t 58 ± 12t 34 ± 6 30 ± 5 17 ± 3

Controls 49 ± 1 . 1 .- 1 0 0 0

‘Foci containing large, probably immature round cells.

tDenotes the groups (ten mice/group) differing by p :1 0.05 by I test.

Fig. 2. Number of CFU-S and CFU-C in iso-
lated liver cell suspensions of splenectomized

and sham-splenectomized mice given methyl-

cellulose. Each value, Mean ± SE, five mice.
Note different scales for vertical axis for two
parts of figure.
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DEVELOPMENT OF MC.INDUCED HHF 615

portion of HHF that were megakaryocytes remained fairly constant throughout

the study, averaging 25#{176}�.Mixed foci occurred but were uncommon.

Cells capable of forming spleen colonies in irradiated recipients (CFU-S)

were measured, as were those capable of forming colonies of granulocytes and

mononuclear cells in semisolid media (CFU-C). Neither presumably pluripo-

tent CFU-S nor the presumably committed granulocytic progenitor CFU-C

were detected in normal liver. Both types of progenitor cells increased through-

out the period of study (Fig. 2). The only significant difference observed be-

tween splenectomized and intact mice was a higher concentration of CFU-S at

I wk in splenectomized mice (Fig. 2). At 2 wk there were approximately equal

numbers of CFU-S and CFU-C in both groups, but at all other times a higher

concentration of CFU-C was measured. It should be noted that the CFU-S

assay underestimated the number of such cells present in the cell suspension,

since only those that go to the spleen were measured.

Hematopolesis in the Period After Methrcellulose Injections’

In order to determine the persistence of HH following MC injection, mice

were given MC for 4 wk and were then studied at 1 1 , I 3, 16, and 40 wk after-

wards (Table 2). Anemia improved by I I wk but mice remained mildly anemic

throughout the period of study. Blood neutrophil concentration decreased to

the normal range by I I wk and remained so. Examination of red cell morphol-

ogy on stained blood smears revealed a steady decline in the degree of poly-

chromatophilia and frequency of schistocytes and teardrop-shaped cells. Spleen

weight declined steadily and was reduced to 14’,, of the weight following dis-

continuation of MC by 40 wk but was still three times greater than the weight

of spleens of control mice not given MC. Histologic examination of the spleens

revealed persistent MC-laden macrophages even at 40 wk. Foci of erythropoie-

sis and megakaryocytopoiesis were always noted, but the ratio of erythroid to

lymphoid tissue steadily declined. Only rare granulocytic foci were present by

4Owk.

Table 2. Persistence of Hepatic Hematopoiesis When Methylcellulose (MC)

Was Given for 4 wk and Then Discontinued (Mean ± SE)

Weeks After

Stopping

MC

Hemato

crit

(%)

Blood

Neutrophuls

(per jul

x 10’)

Spleen

Weight

mg)

Cells Per Humerus

I x 10’)

Peroxidase

Total Positive

Liver

Weight

(g)

Hepohc Hemootopoetc For,

per 200 High-Po.oer Fields)

Total

Granule’

Erythroid cynic Megakaryocytic

0

tt

33 -� t

39 ± 2

4 t * 0.1

1,4 0.2

1554

72- 84 5.1

±0.3 0.3- - 28

0.1-- 134

20

72

57 t 12 34 6 30 5

6 t 2 44 7 1 4

3

16

40

39 c t

43 t 1

38 ± 3

2.6 0.6

1.2 * 0.6

1.5 ± 0.2

1093

131

820

* 132

212

25

7.7 2.7

�-0.3 ±-1.0

9.7 4.3

±0.7 t 0.2

8.8 3.7

±0.8 0.7

2.3

� 0.2

.7

* 0.5

1.6

0.t

10

70

* 1

91

1

39

to

8 v 1 44 t 10 1

14 2 52 8 19 6

4 1 22 8 3 1

Control 48 -*-1 2.2 0.3 72

* 3

9.2 3.9

±0.4 ±0.2

1.1

0.1

0 0 0 0

Dote repres ent mean -,-SE ol Cue tote n muce studi es 0. 11, 13. 16. and 40 nh after di scontinwn g methylcellulose.
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The total number of nucleated cells per humerus was not changed by MC, as

noted previously,3 and it remained normal after MC was discontinued. How-

ever, the total number of peroxidase-positive cells in the marrow returned to

normal by 1 1 wk and remained so. Sections of marrow appeared normal except

for occasional MC-laden macrophages.

The weight ofthe liver steadily declined but was still 2.5 times control values

by 40 wk. UHF were present throughout the study. At 1 1-16 wk their total

number had declined significantly, but this was due almost entirely to a marked

decline in erythroid HHF. There was a modest decline in megakaryocytic foci,

while the number of granulocytic foci was slightly greater than when MC was

stopped. By 40 wk all types of foci had become less common. Since the liver

weight was declining throughout the study, calculation of total foci per liver

revealed a much greater decline, including declining granulocytic foci, than was

seen by the concentration measures presented in Table 2.

Stimulation and Inhibition of HHF

A series of studies was done to determine if MC-induced HHF could be

altered by factors known to stimulate or inhibit hematopoiesis in marrow and

spleen of normal mice. Splenectomized mice were given MC for 2 wk or were

given MC and bled during that period, maintained in an hypoxic environment,

or kept in hypoxia and transfused. They were studied at the completion of MC

injections (0 time) and at I and 2 wk thereafter (Table 3).

Bleeding had little effect on the hematocrit and had no statistically significant

effect on HHF.* Hematocrits in these groups were higher than in controls im-

mediately following and I wk after MC but returned to control levels by 2 wk.

Erythroid foci were reduced to less than 33% of control values at 0 and I wk

and were not significantly reduced at 2 wk. Megakaryocytic foci were signifi-

cantly reduced at 0 and I wk but had returned to control levels by 2 wk. Gran-

ulocytic foci were not affected by hypoxia or by hypoxia plus transfusion.
In a similar study of MC-treated mice, one group of mice were given MC for

2 wk and was then bled for 2 wk while another was kept in hypoxia during MC

injection and then transfused during the subsequent 2 wk. The results are

shown as group 1 in Table 4. In mice bled following MC, hematocrits were

significantly reduced and blood neutrophil concentrations were increased sig-

nifIcantly. Erythroid foci were more than doubled by bleeding, as were granu-

locytic and megakaryocytic foci. Hypoxia plus transfusion resulted in hema-

tocrits well above normal values for these mice (69,, versus 48*,) and almost

eliminated erythroid foci from the liver. Blood neutrophils were also increased

in this group, as were hepatic granulocytic foci. There was a suggestive but not

statistically significant increase in megakaryocytic foci.

* However, at all times of comparison there were more erythroid and granulocytic foci in bled

mice than in control mice given MC and not bled, suggesting that a modest stimulation of HH

may have been present. The effects of hypoxia and hypoxia plus transfusion were similar, al-

though in general the difTerences from the control groups given only MC were greater with hypoxia

and transfusion than with hypoxia alone.
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DEVELOPMENT OF MC-INDUCED HHF 617

*Differs from control, p < 0.05, 1 test, 8-10 mice/group.

tlwo control groups are shown, since these represent experiments done at different times.

Table 3. Effects of Bleeding, Hypoxia, and Hyp.rtransfusion
During Methylcellulose (MC) Injection (Mean ± SE)

Treatment
.

During 2 wk
of

MC Injection

Time of
Study After
MC Stopped

(wk)

Hemato-
crit

(%)

Blood
.

Neutrophtls
(per jul

x 10�)

Hepatic Hematopoietic Foct‘
(x ± SE per 200 Microscopic Ftelds)

Granulo. Megakaryo.
Total Erythroid cytic cytic

Control 0 33±1 10.2±3.5 79±25 25±9 8±2 17±5

Bled 0 30±1 10.4±2.5 109±50 31±13 13±5 13±4

Hypoxia 0 41±1* 7.1±2.1 28±10* 8±2* 7±3 5±2*

Hypoxia plustransfusion 0 56±2* 6.9 ± 1.2 22 ± 4* 7 ± 5* 6 ± 3 5 ± 2*

Control 1 33±1 31.4±4.1 90±9 38±7 15±3 14±3

Bled 1 35±1 41.4±7.0 94±19 45±11 19±4 9±3

Hypoxia 1 40±1* 25.8±3.9 22±4 7�3* 7±2 4±2*

Hypoxia plus transfusion 1 45 ± 3* 38.5 ± 4.2 44 ± 10 12 ± 5* 12 ± 2 8 ± 1

Control 2 41±1 39.9±1.7 112±28 43±12 35±7 10±3

Bled 2 38±1 50.0±4.0* 141±18 53±11 52±7 20±4

Hypoxia 2 38±2 32.4±3.5 117±31 35±13 28±6 13±4

Hypoxia plustransfusion 2 44±3 27.7± 5.0 74±16 30±8 24±6 10±3

*Differs from control, p < 0.05 by I test, 8-10 mice/group.

In separate experiments (group 2, Table 4), splenectomized mice were given

MC for 2 wk followed by daily injections of erythropoietin, endotoxin, or

saline for 2 wk. There were no differences in hematocrit, blood neutrophil con-

centration, or liver weight among these mice. In MC-treated mice given

erythropoietin there was a significant increase in both erythroid and granulo-

cytic foci, but the magnitude of the erythroid increase was more impressive.

There was also a suggestive but not statistically significant (p < 0.10) increase

in megakaryocytic foci. Endotoxin produced a significant increase in granulo-

cytic and megakaryocytic foci and a suggestive but not statistically significant

(p < 0.10) increase in erythroid foci. It should be noted that the erythro-

poietin used in these studies contained modest amounts of endotoxin, as judged

by the limulus lysate assay, and probably contained thrombopoietin as well.7

Table 4. Effects of Bleeding, Hypertransfusion, or Erythropoietin During the 2 wk

Following Discontinuance of Methylcellulose (MC) (Mean ± SE)

Treatment

During 2 wk
of MC

.

Treatment During

2 wk After
Stopping MC

Hemato-

crit
(%)

61 d00 ,

Neutrophils

( per jul
x 1 0�)

(7 ±

Hepotic llematopoietic Foci

SE per 200 Microscopic Fields)

Total
Granulo-

Erythroid cytic
Megakoryo�

cytic

Group 1

Nonet None 38 ± 1 2.5 ± 0.3 107 ± 17 34 ± 8 2 ± 1 15 ± 4

None Bled 32±1* 4.4±0.8* 251±42* 80±14* 5±1* 48±8

Hypoxia Hypertransfusion 69 ± 2* 4.0 ± 0.3* 98 ± 19 6 ± 2* 5 ± 1 � 27 ± 6

Group 2

Nonet Saline 37 ± 1 3.2 ± 0.3 171 ± 24 65 ± 9 53 ± 7 28 ± 6

None Daily erythropoietin, 5 U 36 ± 1 3.4 ± 0.4 336 ± 27* 137 ± 14* 86 ± 9* 42 ± 8

None Daily endotoxin, 0.5 jug 35 ± 1 3.3 ± 0.3 300 ± 30* 1 12 ± 23 94 ± 9* 49 �
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0 th er Means’ of Inducing Hepa tic Hema topoiesis

In order to determine if HHF were peculiar to MC injected mice or if they
would occur with other hematopoietic stimuli. groups of splenectomized mice

were given phenylhydrazine, bled, or bled and given endotoxin, but they were

not given MC.

Treatment with phen�lhydrazine proved quite effective in inducing HHF

(Table 5). After 1 wk of such treatment mice were mildly anemic and half of

the UHF were too immature for cell-type identification. After 2 wk of treat-

ment the hematocrit had returned to normal. Total UHF were slightly less than

at I wk, while foci with mature cells were slightly increased. Bleeding produced

a modest anemia that was no greater after 3 wk than after I wk and that was

associated with a small number of HHF. When endotoxin injection was added

to the bleeding regimen, many more UHF were seen (Table 5).

In order to determine the effect of whole body irradiation (WBI) and WBI

with marrow transplantation on extramedullary hematopoiesis, six groups of

ten mice each were treated in the following manners: (1) 825 rads WBI: (2) 825

rads WBI plus l0� marrow cells intravenously: (3) partial hepatectomy, 825

rads, marrow cells: (4) 2 wk of MC, 825 rads: (5) 2 wk of MC, 825 rads, marrow

cells: (6) 2 wk of MC, partial hepatectomy, 825 rads, marrow ce!ls. (The ra-

tionale for studying partially hepatectomized mice lay in the observation that

their livers contained increased numbers of CFU-S.8) Ten days following WBI

the mice were killed and examined for macroscopic colonies on the spleen and

for UHF. All except group I had spleen colonies, but only rare UHF were

present in any group.

Table 5. Induction of Hepatic Hematopoiesis With Phenylhydrazine,

Bleeding, and Endotoxin (Mean ± SE)

Group’

Treatment

(wk(

Blood
.

Hemato Neutrophils

crit (per p 1

(%) x 10�)

Hepatic Hematopoietic Foci
- .(x ± SE per 200 Microscopic Fields)

Total

Granulo’ Megakaryo’

Erythroid cytic cytic Unidentif’iedt

Phenyl’

hydrozine

Bled

1

1

35 ± 1

40±1

3.9 ± 0.9

1.7±0,2

1036 ± 147

8±3

505 ± 88 0 39 ± 10

3±1 <1 <1

492 ± 70

4±1

Bled and

endotoxin 1 31 ± 1 6,6 ± 0.8 81 ± 4 26 ± 3 1 34 ± 4 31 ± 6

Phenyl.

hydrozine

Bled

2

2

49 ± 1

39 ± 1

4.1 ± 0.2

2.5 ± 0,8

760 ± 85

2 ± 1

600 ± 64 22 ± 5 �1 ± 11
1 ± 1 < 1 < 1

77 ± 12

1

Bled and

endotoxin 2 32 ± 1 4,3 ± 1.2 106 ± 30 61 ± 8 3 ± 1 27 ± 3 15 ± 2

Bled 3 39±1 5.4±0.8 8±2 3±1 1±1 3±1 1

Bled and

endotoxin 3 35 ± 1 12.1 ± 1.8 283 ± 28 97 ± 15 38 ± 6 55 ± 7 93 ± 14

Controls 50 ± 1 1,2 ± 0.2 < 1 1 0 0 0

#{176}Tenmice per group.

tFoci containing large, probably immature round cells.
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DISCUSSION

Hepatic hematopoiesis (HH) developed rapidly in methylcellulose (MC)-

injected mice, being present by I wk and tending to become maximum by 3 4

wk of injections. It was trilineal (erythroid, granulocytic, megakaryocytic) at

all times but erythroid hepatic hematopoietic foci (HHF) predominated, par-

ticularly during the first 2 wk of injection.

In the mouse MC produces a partially compensated hemolytic anemia,

thrombocytopenia, and neutrophilia;3 marrow granulocytopoiesis is increased

and there is a very pronounced expansion of splenic hematopoiesis, particularly

erythropoiesis.3 This increase is thought to be the result of reticuloendothelial

hypertrophy due to MC ingestion by macrophages, which in turn produces an

increase in the rate of phagocytosis and destruction of normal blood elements.

Changes in blood cells tend to be fairly constant after 2 wk of MC injection.

Splenectomy has little effect on the blood changes in the mouse,3 although it

abolishes the MC effect in the rat.’4

There are reasons to believe that normal adult mouse marrow is operating

at maximal or near maximal capacity. Sections of mouse marrow show little

or no fat, and hematopoiesis occurs in distal long bones.8 Virtually any hema-

topoietic stimulus results in an increase in splenic erythropoiesis, and such

erythropoiesis is “effective.”2 It seems probable that hepatic hem atopoiesis

appears simply as the result of the marrow and spleen being unable to meet the

increased deman’d for cell production.

There are several lines ofevidence to support the concept that hepatic hema-

topoiesis is a normal, compensatory mechanism rather than an aberrant phe-

nomenon. Splenectomized mice given MC had significantly more UHF than did

sham-operated mice. However, this increase was limited to hepatic erythro-

poiesis without granulocytopoiesis or megakaryocytopoiesis being affected.

Since the spleen is primarily an erythroid organ, this suggests that splenectomy

resulted in a further increase in demand for erythrocytes only.

Hepatic hematopoiesis is by no means limited to mice injected with MC. A

consistent and quite significant tn-lineal hematopoiesis was found in mice with

phenylhydrazine-induced hemolysis as well as in bled mice injected with endo-

toxin. Bleeding alone produced consistent but minimal trilineal hematopoiesis.

Others have briefly noted that hepatic hematopoiesis is present in very diverse

experimental circumstance, such as after phenylhydrazine,4 hypoxia,5 and

tumor transplantation,6 and after repeated (but not single) whole body irradia-

tion in mice:7 in rabbits treated with saponin:’5 and in rats given foreign pro-

tein, lead acetate, or tumor virus.’6

Further evidence that hepatic hematopoiesis is a response to demand was

obtained by studies designed to augment or inhibit MC-induced HI-I. Erythroid

foci appeared to be under the influence of erythropoietin in that they were

markedly reduced in animals with transfusion-induced plethora and were re-

duced when hematocrits were increased above control levels by hypoxia.

Furthermore, when the transfusion- or hypoxia-induced effect on the hema-

tocrit was dissipated by time, erythroid foci returned to control levels. Hypoxia

also led to a transient decrease in megakaryocytic colonies, but we showed
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hypoxia to be toxic to platelet production in normal mice (unpublished obser-

vations). Daily erythropoietin injection enhanced erythroid colonies. Bleed-

ing, which stimulated all three cell lines,’7 produced an increase in all types of

foci. Daily endotoxin administration stimulated neutrophil and platelet produc-

tion’ti and led to a significant increase in granulocytic and megakaryocytic

foci.

However, the concept of hepatic hematopoiesis being strictly a response to

increased demand for cells is challanged somewhat by the results of studies

done after MC injection was stopped. MC was still visible in macrophages of

the spleen and liver as long as 40 wk after injections were stopped. Over that

course of time the anemia improved but was not abolished, but by I I wk blood

neutrophils and the number of marrow granulocytes had returned to normal

and splenic hematopoiesis steadily declined. Although there was a decline in

UHF over the 40-wk period, they did not disappear from the liver. Further-

more, granulocytic foci predominated during the postinjection period from 1 1

to 40 wk, as compared to the earlier erythroid predominance. We have diffi-

culty in interpreting these observations. It seems peculiar that both splenic

and hepatic erythropoieses would decline while the mice were still anemic. It

also seems peculiar that hepatic granulocytopoiesis would persist when it ap-

peared that marrow granulocytopoiesis had returned to normal. Perhaps the

MC-laden macrophages somehow provided some form of local hematopoietic

stimulation.

The pluripotential hematopoietic stem cell that forms spleen colonies in ir-

radiated mice, the CFU-S, was an uncommon cell in normal livers, confirming

other such studies.4”9 However, following MC the number extractable from the

liver rose rapidly and, as might be expected, roughly in parallel with the HHF.

The number of hepatic CFU-S also has been shown to increase following par-

tial hepatectomy20’2’ and after repeated irradiation.7 In a preliminary report,

Adler and Trobaugh4 noted increased hepatic CFU-S following phenylhydra-

zinc or in animals in which the marrow was ablated with ttiSr. Since CFU-S dis-

appeared from the liver when titiSr-treated mice were splenectomized, those

authors suggested that hepatic CFU-S were derived from the circulation rather

than from self-replication in the liver. The rarity of mixed-type foci would also

be compatible with the concept that the hepatic CFU-S differentiates without

self-replication while in the liver. If extensive self-replication occurred in a he-

patic “colony,” one might anticipate that multiple patterns of differentiation

would be seen more often in the same colony.

The cell that forms colonies of granulocytes and macrophages in semisolid

media, the CFU-C, also was found to be present in very low numbers.in nor-

mal liver, confirming the reports of others.20’7 The CFU-C is thought to be the

progeny of the CFU-S and to be of more limited pluripotentiality. Whether or

not it is a true stem cell, i.e., capable of self-replication, is unknown. It cer-

tainly is capable of extensive replication, since colonies containing as many as

2000 cells are observed. In other trials, CFU-C increased rapidly in the liver

of MC-treated mice, although in terms of relative increases CFU-C numbers

lagged behind CFU-S for the first 2 wk but enjoyed a more rapid increase be-

tween weeks 3 and 4. The hepatic CFU-C may be the result of differentiation of
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CFU-S to CFU-C in the liver or be derived from the circulation. CFU-C do

circulate22 and their number in blood can be augmented, but there has been no

way to prove whether or not the circulating CFU-C will implant and grow or

whether or not the CFU-C is transplantable in irradiated animals. There are

cells in the colonies in vitro that will produce spleen colonies,23 but it cannot

be determined if this represents formation of some colonies in vitro from a

CFU-S or is the result of CFU-C being transplantable. In any event, the pat-

tern of CFU-C change in the liver was roughly parallel to the development of

granulocytic foci, which tend to lag behind the development ofother foci.

As has been mentioned previously, splenectomized MC-treated mice devel-

oped significantly more erythroid foci than did intact mice. However, splenec-

tomy had no significant effect on the number of CFU-S or of CFU-C in the

liver. The immediate precursor of erythropoiesis is termed the erythropoietin-

sensitive cell, and it appears to be a true stem cell, capable of self-replication,24

and perhaps it is synonomous with the “burst-forming unit” grown in vitro.25

Similar to the CFU-C, it is found in the blood of normals and its number there

can be augmented,26 but there has been no way to prove whether it can be trans-

planted. Since CFU-S do not increase with splenectomy and no compensatory

decrease in CFU-C was observed, we would suggest that the increased erythroid

foci induced by splenectomy were the result of migration of erythropoietin-

sensitive cells to the liver, or, alternatively, that this cell was capable of self-

replication in the liver.

The MC-injected mouse is a reproducible and reliable model for the study of

hepatic hematopoiesis. However, it does not constitute the long-sought model

for idiopathic myelofibrosis,’6 since no fibrosis was seen in the marrow at any

time.

In summary, hepatic hematopoiesis appears to be the result of an increased

demand for mature blood cells. Our studies suggest strongly that hepatic hema-

topoiesis is regulated by the same humoral factors as myeloid hematopoiesis.

The changes in hepatic hematopoiesis induced by erythropoietin, bleeding,

hypoxia, hypertransfusion, and endotoxin were those that would be anticipated

in marrow.
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Erythrokinetics and Ferrokinetics of a

Viral-induced Murine Erythroblastosis

By Bernard Morse, Dennis Giuliani, Torgny Fredrickson, and Joseph LoBue

A variant of Rauscher leukemia virus, des- amounts of 59Fe were taken up by the en-
ignated RLV-A, induced a slow progressive larged liver and spleen. Peak splenic heme

impairment of erythropoiesis in BALB/c 59Fe synthesis was delayed 1 2 hr in the in-

mice. Identified in this study were a short- fected mice. The substantial increase in the

ened red cell 51Cr half-time, anemia with splenic intraerythrocytic nonheme iron

indices showing minimal but significant pool and the hypochromic indices indicate
hypochromia, ineffective erythropoiesis, a process analogous to that seen in the

and infiltration of the liver, spleen, and sideroblastic anemias. The disease pro-

peripheral blood with erythroid precursors. duced by this RLV-A variant may prove

Ferrokinetic studies indicated a normal useful for studying various aspects of the

plasma iron turnover in infected mice but preleukemic sideroblastic anemias and Di-

a decreased red cell iron turnover. Large Guglielmo syndrome.

V IRUS-INDUCED MURINE LEUKEMIAS show a wide spectrum of dis-

orders in infected animals. Hemolytic anemia, erythroleukemia, lympho-

cytic leukemia, and polycythemia have been reported in mice ‘inoculated with

various strains of the Friend and Rauscher leukemia viruses.’ � Fredrickson

et al.4 reported the propagation of a transplantable myelomonocytic leukemia

derived from BALB/c mice inoculated with Rauscher leukemia virus (RLV).

Plasmas obtained from mice with this myelomonocytic leukemia induce a pro-

gressive anemia, erythroblastosis, and hepatosplenomegaly in recipient mice.

The basic defect induced by this variant (RLV-A) is faulty maturation and re-

lease of erythroid cells.5 It was recently shown that the erythroid maturation

of RLV-A could be corrected if infected anemic mice were treated with

exogenous erythropoietin.6 The mechanism of this ameliorating effect has not

been established, nor has the underlying defect of erythroid maturation in

RLV-A disease been fully characterized.

In this report, hematologic and kinetic parameters of RLV-A disease are

described. The data indicate a complex pathogenesis for the anemia that in-

cludes shortened red cell survival, ineffective erythropoiesis, and a delay in the

processing of intracellular iron for heme synthesis.

MATERIALS AND METHODS

Plasma obtained from BALB/c mice bearing a transplantable myelogenous leukemia. orig-

inally induced by RLV inoculation, was injected intrapcritoncally into neonatal BALB/c mice.

Front 1/It’ A.1o�zu’-SeagIione Alemorial Lahorator, oJ 1/ic’ I)isi.s’io,z o/ IIc’inato/og,. !)eparu?zenl 0/

i%Iedic’i,w. (‘ollege o/ Medici,ze and Denii.str,’ of Vest’ Jer.sei’, ?‘s’ewark . V.1. . 1/Ic’ Deparimeiit of

Pathohiolog,. (..nis’ersits’ o/ (‘o,inecticut, Siorrs. (‘on,i. . a�zd the A . S. (..,ordo,, Lahorator,’ of E.vperi-

tnetztal Henzato/og,’. Departtnent 0/ Biolog,’. Graduate School o/ .4 ris and Sciences. Vets York

L nisersut’. :‘sew }ork. \. 1.

Submitted June 3, /977: accepted Aose,nher 8. /977.

Supported hi NIH Grant AM 15443, tlit’ National Leukemia Association, and Aational (‘amer In-

stitution Grant R 01- (‘A / 2815-05.

Address /or reprint requests: Bernard Morse. M.D.. Dept. 0/ Medici,ze. Nets’ Jer.se, Medical

School. 100 Bergen St., Newark. N.J. 07/03.

�. /978 ki’ Grune & Stratton, Inc. ISSN 0006-4971/78/5/04-0013S02.00/0

D
ow

nloaded from
 http://ashpublications.org/blood/article-pdf/51/4/579/1637097/579.pdf by guest on 06 M

arch 2021



624 MORSE El AL.

Blood samples were taken from the orbital plexus at weekly intervals from noninjected and in-

oculated animals. Animals were assigned to groups with moderate and severe erythroblastosis

based on the hematocrit (33#{176}�-37”,, and 15’,, 20�, respectively’) and studied with age-matched

controls,

Erythrocytes, leukocytes, and nucleated marrow cells were enumerated using an electronic

particle counter. Hemoglobin was converted to cyanmethemoglobin and then measured at 540 nm.

A microhematocrit centrifuge was used to obtain the volume of packed red cells. Reticulocytes

were supravitally stained with new methylene blue. Bone marrow, spleen, and liver smears, pre-

pared by a brush technique, were stained with Wright and Giemsa stains. The percentage of

nucleated erythroid cells was estimated from differential counts of 500-1000 nucleated cells.

For estimation of red cell mass, control BALB/c blood was obtained by cardiac puncture into

acid citrate-dextrose (ACD) solution. Three milliliters of anticoagulated blood was incubated

for 30 mm at room temperature with 10 juCi SiCr in the form of sodium chromate (400 Ci/g).

The red cells were washed three times with sterile saline, and a 0.2-ml aliquot of 50#{176}4red cell

suspension was injected via the tail veins into groups of five recipient mice. The animals were

killed after 10 mm under ether anesthesia. Aliquots of blood and standards were counted in an

autogamma scintillation detector for 51Cr activity, and the red cell mass was calculated from

the relationship between 51Cr injected and 51Cr recovered minus the volume in milliliters of

labeled red cells injected.

For red cell survival studies, blood was collected by cardiac puncture into ACD solution from

five control and five infected mice that had received 50 juCi 59Fe in the form of FeCI3 (40 Ci/g)

bound to control plasma 36 hr prior to killing. Five milliliters of this cohort-labeled blood

was then incubated with 100 juCi 51Cr/ml (400 Ci/g) for 30 mm at room temperature. Fifty

milligrams of sterile ascorbic acid was added, and 0.4 ml of the resultant cell suspension was in-

jected via the tail vein into two groups of eight control mice each. Blood samples were obtained

with heparinized, 10 �il capillary tubes from the orbital plexus 1, 4, 6, 8, 12, and 15 days after

injection. After the orbital blood sample was collected on day’ 15, the animals were killed and

the 51Cr activity oftheir liver and spleens was measured.

For plasma 59Fe disappearance, 59Fe ferric chloride in 0.1 M HCI was added slowly to

heparinized control BALB/c plasma and allowed to incubate for 45 mm at 37’C prior to use.

Orbital blood samples (10 jul) were obtained 5, 10, 20, 40, 80, and 160 mm after injection of

plasma-bound 59Fe (40 Ci/g) into the tail vein. The radioiron activity and hematocrit of these

samples were recorded. The animals were killed by exsanguination at 160 mm under ether

anesthesia. The serum iron concentration was determined for these blood samples using a batho-

phenanthroline chromogen.7

Extrapolation of the plasma 59Fe activity to t� provided a measure of the dilution of the

injected 59Fe activity from which the plasma volume was estimated. The plasma iron turnover

(PIT) was then calculated using the following equation:

(0.693/59Fetl) x 24 hr x plasma iron pool (mg)
PIT (jug/g/day) =

body wt (g)

Red cell iron turnover was calculated by PIT x 48-hr 59Fe red cell utilization.

For 59Fe chase studies, control and severely anemic mice were given I juCi 59Fe, bound to

plasma as described above, via the tail veins. Groups of six mice were killed at I, 5, 17, and

48 hr after the 59Fe injection. Iron-dextran, 0.2 ml containing 10 mg elemental iron, was given

intramuscularly to all surviving animals 6 hr after the 59Fe injection to reduce reutilization.

All mice received 0.2 ml thrice-washed SiCrlabeled isologous normal red cells via the tail

veins 10 mm prior to killing. Blood samples, collected by cardiac puncture into sodium ethyl-

enediaminetetraacetate (EDTA), were washed twice with saline: then the red cells were lysed by

rapid freeze-thaw exposure. Immediately after counting in the autogamma scintillation detector,
these samples were adjusted to pH 2 and heme was extracted with 2-butanone.8 The partition of

59Fe in the heme and nonheme phases was then determined.

Total red cell iron incorporation was based on the simultaneous estimation of the red C’,i mass

obtained from the dilution of the 5�Cr-labeled red cells. Liver and spleen homogenates were

prepared in a pH 2 buffer. Aliquots were taken for 59Fe and SiCr activity. The remaining

homogenate was extracted with 2-butanone, and the heme 59Fe activity was measured. The
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