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The spleen colony method ( 1 )  has been 
widely used to study the effects of hernopoi- 
etins and host microenvironment on the prolif- 
eration and differentiation of hemopoietic 
progenitor cells (colony-forming units, CFU) . 
The majority of transplantable CFU are 
thought to be uncommitted, but to be- 
come committed, upon seeding, by the hosts’ 
hemopoietic microenvironments ( 2 ) .  Hemo- 
poietins are essential for the proliferation, 
differentiation and maturati,on of CFU. 
Posttreatment of hemopoie tically r econs ti- 
tuted supralethally irradiated hosts with he- 
mopoietin does not affect the total or differ- 
ential colony forming potential of the trans- 
planted CFU (3, 4) .  However, pretreatment 
of donors with cell line-specific hemopoietins 
such as renal granulopoietic factor (GPF) or 
erythrocyte stimulating factor (ESF) does 
increase the total CFU number and shifts the 
differential exocolonizing potential of a mea- 
surable proportion of the CFU in favor of the 
hemopoietin-specific cell line (5).  

The purpose od the present study was to 
determine whether donor treatment with he- 
mopoietins (GPF and ESF) would increase 
the size of a pool of microenvironment- 
independent, irreversibly committed CFU and/ 
or a pool of microenvironment-dependent. 
reversibly committed CFU. And furthermore 
the study attempted to determine whether 
such a pool of CFU consists predominantly 
of finitely and/or “infinitely” mitotable pro- 
geni tor cells. 
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Materials and Methods. Bioassay mice. A 
total of 315 A/J males aged 8-10 wk-35 
donors, 145 primary hosts and 135 secondary 
hosts-were used for this study. Mice were 
housed, fed and watered as described else- 
where (5). 

Experimental design (F ig .  1.) Intact donor 
mice were injected with either 3.26 mg of 
calf renal GPF (6)  in 0.5 ml isotonic saline, 
or 0.5 ml ESF-rich, dialyzed, anemic horse 
plasma, or 0.5 ml of pyrogen-free isotonic 
saline. Femoral marrow cells were harvested 
at  times where peak hemopoietin-specific 
CFU responses had previously been shown to 
occur (5)-30 hr following GPF and 24 hr 
following ES F treatment. 

Hosts received 750 R whole body irradia- 
tion (LD99130) 3-5 hr before being subject- 
ed to marrow transplantation. The radiation 
was delivered at  a rate of 130 R/min in air 
from a G-E Maxitron source (250 kVp, 30 
mA, Th I11 filter with 1 mm A1 and 0.5 mm 
Cu, HVL 3.0 mm in air). 

Pooled donor cell suspensions were pre- 
pared for each experimental group. Primary 
hosts were injected intravenously with ei- 
ther 25 X lo3 or 5 X lo6 viable nucleated 
donor cells. The low-dose hosts were sac- 
rificed 9 days later to evaluate the CFU 
content of the cell sample. The high-dose 
hosts were sacrificed 24 hr or 8 days after 
transplantation, and used as donors for the 
secondary hosts. 

During the first 24 hr following primary 
host injection, the donor CFU had had time 
to come into contact with the hmt spleens’ 
environment, but had not as yet begun to 
divide (7). By 8 days, however, the CFU 
had had time to seed on the splenic microen- 
vironment and also to self-replicate and dif- 

22 7 



228 HEMOPOIETIN S : CFU RETRANSPLANTABILITY 

0.85% N a C l  
or  GPF 
or ESF 

D o n o r s  

P r i m a r y  H o s t s  

S e c o n d a r y  
H o s t s  

24 hrs.  e ( E P )  o r  130 hrs.  l G P F  & 0.85% N a C I )  

T o t a l  m a c r o c o l o n y  a n d  d i f f e r e n t i a l  m i c r o c o l o n y  e v a l u a t i o n  

FIG. 1 .  Experimental protocol. 

ferentiate into clones. Therefore secondary 
hosts were given an intravenous cell dose 
equivalent to 1/4 of a 24-hr or 1/100 of an 
8-day high-dose primary host spleen. These 
cell doses were based on the premise (a) that 
approximately 1/6 of the injected CFU 
would settle in the host spleens (8 )  and (b) 
that an estimated 25-30-fold CFU increase 
could be expected to occur within a given 
primary host spleen by 8 days posttransplan- 
tation (9).  The f-fraction (cloning effi- 
ciency) estimate was not corrected for varia- 
tions such as those described by Fred and 
Smith (10) following different types of donor 
treatment . 

Secondary spleens were harvested 9 days 
after transplantation. 

Five replicate runs were performed with 
GPF and saline; two with ESF. 

Harvested spleens were fixed in Bouin’s 
solution. All surface colonies were counted at  
9X msgsification with a dissection micro- 

scope. 
Spleen colonies were typed differentially 

from hematoxylin- and eosin-stained, 5 p 
thick, longitudinal sections taken at 200 p 
intervals throughout the entire spleen. Clones 
with a 15-cell or greater diameter were 
scored as colonies. Erythrocytic:granulocytic 
(E/G) colony ratios were calculated from 
the differential colony counts. 

The f-fraction of transplanted cells was 
estimated by the method of Siminovitch, 
McCulloch and Till (8). 

Results. The data indicate (Table I; Fig. 
2 )  that 30 and 24 hr after a single dose of 
GPF or ESF, respectively, the don,or mar- 
row’s exocolonizing potential was almost dou- 
bled and the differential CFU potential had 
shifted in favor of the hemopoietin-specific 
cell line. 

When donor marrow-derived CFU re- 
mained in the primary host only 24 hr, the 
f-value of CFU retranspIanted into secondary 
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hosts remained within normal limits for A/J 
mice (.112-.125) and the transplanted CFU 
retained their hemopoietin-initated cell line- 
dependent differential colony forming poten- 
tial (Table I; Fig. 2): E/G ratios were 
1.0-1.2 for GPF-treated and 4.2-5.4 for ESF- 
treated donor marrow-derived primary and 
secondary host spleen colonies, as opposed to 
E/G ratios of 2.5-2.8 in controls. 

When donor marrow-derived CFU were al- 
lowed to seed and proliferate within the pri- 
mary hosts' splenic microenvironment for 8 
days, the transplanted CFU still retained 
their hemopoietin-initiated cell line-specific 
differential colony-forming potential (Table 
I; Fig. 2 ) :  E/G ratios were 1.2 for GPF- 
treated and 5.4 for ESF-treated dlonor mar- 
row-derived secondary host spleen colonies, 
as opposed to 2.5 in controls. 

The proliferation-dependent increases in f- 
values for transplantable CFU in saline- 
treated and ESF-treated donor-derived mar- 
row hosts was indentical-3.530 and 3.340, 
respectively (Table I ) .  However, the f-value 
increase in transplantable CFU from GPF- 
treated donor-derived marrow was only 2/3 
as great as normal-2.020 instead of 3.530 
(Table I). 

The nucleated cellularity of the femoral 
marrow remained identical in all 3 donor 
groups. The splenic cellularilty of the primary 
hosts was not determined in these prelimi- 
nary studies. 

Discussion. The present studies confirmed 
our previously published findings (5) that 
humoral stimulation of donors with ex- 
ogenous hemopoietins (GPF or ESF) in- 
creased the size of (a) hemopoietin-specific 
committed cell pool(s). The findings further- 
more suggested that for the majority of 
aflected CFU this commitment was irreversi- 
ble, since a large proportion of the progeny of 
these CFU appeared to express their hemo- 
poietin-initiated, cell line-specific commit- 
ment, apparently regardless of the microenvi- 
ronment on which they seeded, in bath pri- 
mary and secondary hosts. 

The absolute increase (Fig. 2) in trans- 
plantable granulocytic CFU within 30 hrs of 
GPF and in erythrocytic CFU within 24 hrs 
of ESF administration may have been due to 
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FIG. 2 .  Differential counts of GPF- and ESF- 
treated donor marrow-derived spleen colonies in pri- 
mary and secondary hosts. (A) 30-hr donor mar- 
row-derived colonies; ( B )  24-hr primary host 
spleen-derived colonies ; (C) 8-day primary host 
spleen-derived colonies. 

the following: (a) mobilization of hemopoi- 
etin-specific committed CFU out of a reserve 
pool into the transplantable committed CFU 
pool and/or (b) preferential shunting of 
uncommitted CFU into the hemopoietin- 
depleted committed CFU pool followed by 
proliferation in both CFU pools. 

The 24-hr and 8-day residence periods al- 
lowed the donor cells in the primary hosts 
was designed to compare the effects of the 
splenic microenvironment on nondividing 
(24-hr) and exponentially proliferating (8- 
day) CFU. 

It is obvious from the data that neither the 
short-term (24-hr) residence in the primary 
host hemopoietic microenvironment, nor cir- 
culation of CFU between hemopoietic tissues 
during the first few days posttransplantation 
( 11 ) , nor long-term (8day)  residence, seed- 
ing and proliferation in the splenic microen- 
vironment affected the hemopoietin-initiated 
comi tment  of CFU. 

This indicated that the CFU whose num- 
bers increased following hemopoietin treat- 
ment were predominantly irreversibly com- 
mitted cells. For if the microenvironment 
were a commitment modulating factor for 
these hemopoietin-stimulated CFU, the latter 
would not have retained their original hemo- 
poietin-initiated cell line-specific commitment 
through two transplant generations. Rather 
they would have yielded a normal E/G ratio, 
as has been shown to occur (2, 3)  upon 
re transplantation of monocommi t ted colonies 

from untreated donorderived marrow CFU. 
An interesting finding was that GPF- 

treated donor marrow-derived CFU had only 
2/3 as great a retransplantation potential as 
did the saline- and ESF-treated donor mar- 
row-derived CFU. One possible explanation is 
that the cell cycle time of the granulocytic 
series is about 50% longer than that reported 
( 7 )  for erythrocytic and uncommitted pro- 
genitor cells during the exponential growth, 
and that this is only detectable when the 
predominant CFU in the system are granulo- 
cytically rather than erythrocytically com- 
mitted. Another possibility is that after un- 
dergoing a few cell divisions even irreversibly 
committed CFU need the appropriate hemo- 
poietic microenvironment to further respond 
to their cell line-specific hemopoietin. Such a 
hypothesis would be in line with Curry, 
Trentin and Wolf’s theory (2) that there are 
2-3 times as many erythrocytic as there are 
granulocytic hemopoietic inductive microen- 
vironments in the mouse spleen. 

As has been suggested by Bennett and 
Cudkowicz (12),  committed hemopoietic pro- 
genitor cells can be “infinitely” self- 
replicating-capable of producing colonies in 
both primary and secondary hosts-and 
finitely self-replicating-capable of producing 
colonies in primary hosts only. From the 
present data, it appeared that the hemopoi- 
etin-stimulated donor marrow-derived com- 
mitted cells belonged primarily to the “infi- 
ni tely ” mi to table progenitor compartment , 
retaining their self-replicatory potential 
through at l a s t  two transplant generations. 
However, any conclusions regarding the ex- 
tent of the committed CFU self-replicatory 
potential must be held in abeyance pending 
studies of multiple serial retransplantation of 
hemopoietin-stimulated CFU present in en- 
tire colonized spleens and/or in individual 
monocommit ted colonies. 

Summary. The spleen colony system was 
used to test in vivo effects of hemopoietins on 
the total and differential exocolonizing po- 
tential of A/ J mouse marrow colony-forming 
units (CFU) transplanted serially into pri- 
mary and secondary, supralethally irradiated, 
isogeneic hosts. The hemopoietins used were 
GPF (calf renal granulopoietic factor) and 
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ESF (erythrocyte stimulating factor-rich ane- 
mic horse plasma). 

As measured by total and differential pri- 
mary host spleen colony counts, GPF and 
ESF evoked a time-dependent increase in a 
pool of committed donor CFU. These CFU 
were transplantable from primary into second- 
ary hosts without losing their hemopoietin- 
initiated, cell line-specific commitment. 

The f-fraction remained within normal lim- 
its (0.112-0.125) in all experimental groups 
when primary host spleen cells were har- 
vested at  24 hr and transplanted into second- 
ary hosts. When the donor CFU were allowed 
to reside and replicate in the primary host 
spleen for 8 days before retransplantation 
into the secondary hosts, the f-fraction 
manifested a 2 7-29-fold increase for saline- 
and ESF-treated marrow-derived CFU, but 
only an 19-fold increase for GPF-treated 
marrow-derived CFU. Theoretical explana- 
tions for this difference in CFU seeding effi- 
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