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The determination of rat hernopoietic stem cells is associated
with a number of difficulties. However, spleen colony forming cells
(CFU.S) could be successfully determined using lethally irradiated
mice as the recipients of the rat bone marrow cells (“rat to mouse"
assay), We used a "rat to mouse" CFU-assay to determine the number
and proliferation activity of bone marrow CFU-5d8 in normal Wistar
rats. The results presented indicate that the femoral CFU-Sd8 number
in Wistar rats was close to literature values reported for BN/BI/Rij rats.
The proliferation activity of rat bone marrow CFU-d8 was very low. On
the basis of the same proliferation activity and similar functional
properties with murine bone marrow CFU-S08 as found earlier, it could
be concluded that the rat CFU-Cd8 as determined in the "rat to mause"
assay, represents a mature subpopulation of CFU-S.
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INTRODUCTION

The first experimental confirmation of the existence of the pluripotent
hemopoietic stern cells (HSC) was presented in the classical study of Till and
McCulloch (1861), on the basis of the capability of these cells to seed in the spleen
of lethally irradiated mice, to proliferate, differentiate and form colonies consisting
of cells belonging to all three hemopoietic lineages (Colony Forming Units-
Spleen - CFU-8). Today, more than three decades of research after Till and Mc
Culloch’s discovery, it is generally considered that the HSC assayed by deter-
mination of spleen colony-forming cells (in murine hemopoeietic tissue) belong to
amature population of HSC, and the cells responsible for long term reconstitution
of lethally irradiated recipients represent a less mature i. e primitive population of
HSC. The properties of murine CFU-S are well known (reviewed in: lvanovié 1992),
The characteristic of CFU-S in the steady state is a low cycling rate (proliferation
activity) i. e. more than 90% of these cells are out of the active cell cycle, mainly.
in the Go phase.
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An assay for the determination of GFU-S in rat hemopoietic tissue, using
lefthally irradiated rats as recipients of bone marrow cells (‘rat to rat assay") has
been developed (Comas and Byrd 1961). Although several studies employing
this assay were performed (Dunn and Elson 1970, 1970a, 1970b, Dunn 1972),
the question of comparability of mouse and rat bone marrow CFU-S subpopuila-
tions determined on the basis of spleen colony development with time after BMC
injection in "mouse to mouse” and *rat to rat" assays remained unresolved due to
difficulties in obtaining rat day 8 CFU-S (CFU-Sd8) colonies. In addition, "rat to
rat* assays are expensive and difficult to perform.

Van Bekkum’s group determined rat CFU-S subpopulations using mice as
recipients of rat bone marrow cells (Van Bekkum 1977, Martens et al, 1986), These
studies demonstrated heterogeneity of rat CFU-S as determined on the basis of
colony formation in mouse spleen, similar to that established for mouse CFU-S
in a "mouse to mouse* assay. Recently, we have successfully employed a "rat to
mouse’ CFU-S assay for the determination of CFU-S in genetically anemic
Belgrade Laboratory (b/b) rats (lvanovié et al 1995), confirming the validity of this
assay system.

In this study the number and proliferation activity of nermal rat CFU-Sds
were determined, in order to compare characteristics of the rat CF U-Sd8 popula-
tion in the *rat to mouse" assay with the published data obtained in the "rat to rat
assay" and with the analogous cell population in mouse bone marrow,

MATERIALS AND METHODS

Experimental animals. Wistar rats, of both sexes, weighing 180-220 ¢ and
12 weeks old (Military Medical Academy, Belgrade), were used for abtaining
femoral bone marrow cells. CBA/H mice, of both sexes, and 14 to 18 weeks old,
were previously lethally irradiated and used as the recipients of rat bone marrow
cells in the “rat to mouse® CFU-S assay.

Preparation of bone marrow cell (BMC) suspensions. The rats were killed
under ether anesthesia. Femoral BMC from both femurs were flushed out with
Dulbecco’s modification of Eagle’s medium (DMEM), pooled, and the total num-
ber of nucleated cells per femur calculated, In some experiments the femurs from
three rats were flushed out, BMC pooled, and the mean total number of nucleated
cells per femur calculated.

"Rat to mouse" CFU - Sd8 assay. The "rat to mouse" CFU-S assay was
perfomed as described previcusly (Martens et al. 1986, Ivanovi¢ et al. 1995).
GBA/H mice were lethally irradiated {9Gy X rays, 0.959 Gy/min, RT-305 Philips),
and used as recipients of rat BMC. The recipient mice (8 - 15 per group) were
injected with 1 -3x 10° rat BMGC in 0.2 m intravenously. The mice were killed eight
days later, the spleens were removed, fixed in Telieyseniczky's solution, and the
number of macroscopically visible colonies was calculated.
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Determination of proliferation activitly of CFU-Sd8. The proliferation activity
was determined on the basis of the proportion of CFU-SdB killed after the in vitro
treatment of rat bone marrow celis with cytosine arabinoside - Ara-C (Cytosar,
Upjohn) (Ara-C suicide) (anht et al 1985), Duplicate aliquots (1 ml) of rat bone
marrow cell suspension (5x 1 0° cells/ml) in DMEM with 15% fetal calf serum (FSC,
Flow) were incubated at 37° C in an atmosphere of 5% COz in air for 1h with or
without Ara-C (1 ml, 40 ¢ g). Suspensions of BMC were then injected into lethally
irradiated mice for the CFU-Sd8 determination as described. The decrease of
colony number in the spleens of recipient mice that received Ara-C-treated rat
BMC representad the proportion of rat CFU-S in DNA synthesis (lvanovic¢ et al.
1995).

RESULTS

The number of CFU-8d8 in the bone marrow of individual rats, as deter-
mined in four independent experiments using the “rat to mouse assay" varied
from 6708 = 536to 11261 £ 1455 (Table 1.) The mean number of CFU-Sd8 per
fernur was 9015 = 716. The same range of values was found when the number
of CFU-8d8 was determined in pooled BMC from three rats (from 7458 + 714
CFU-Sd8/femurto 13305 & 247 CFU-Sffemur, average 9799 * 814 CFU-Sffemur)
(Table 1.).

Table 1. The number of CFU-Sd8 in femoral bone marrow of Wistar rats

BMC e N”‘;E;‘jr"(:ﬁ'c',%) per CFU-Sd8/femur
1. 78.0 6708 -+ 536
(P 2. 85.0 11261 + 1455 average.
Individual rats - Kol o601 e 9015 + 716
4, 96.6 7406 4+ 808
1. 85.0 10200 + 597
Pooled from three 2, 1056 13305 + 247 average:;
rats 3, 936 8236 - 672 9789 + 814
4, 78.8 7458 + 71
Cumulative data 87.7 £ 3.5 9408 4 816

BMC - bene marrow cells. Results are mean + SE,

The incidence of CFU-Sd8 per 16° BMC was about 10.3 = 3.1 £ 1.1 (5.5 -
14.4) in eight experiments (individual and pooled bone marrow} (Table 2)

The proliferation acitivity of bone marrow CFU-8d8 was low and varied from
4.4 % to 13.1 % in individual rat BMC samples and from 0% to 12.3% In samples
of BMC pooled from three rats, The overall proliferation activity of CFU-Sd8 was
5.6 = 4.7 % (Table 2).
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Table 2. The proliferation aclivity of CFU-8d8 in femoral bone marrow of Wistar rats
CFU-5d8/ 10° bone

marrow cells Proiiferative
it
BMC I;I\)rt(f) AraC iyt activity (34)
1. 86+ 22 82+1.8 4.6
Individual rats 2 14.4 + 2.4 average: 12,5 + 4.0 13.1
3 185+ 3.2 11.0+.34 122432 9.6
4, 7.7 427 69423 9.9
T 120+ 22 11.5+23 4.1
Pooled from ) 122+ 05 average: 10.7 + 2.8 123
three rats 3 8.8 + 2.1 9.6 + 3.1 88+ 1.8 o
: 4 55417 54+1.0 2
Cumulative
data 103 £ 3.1+ 1.1 56+ 4.7

BMC-bene marrow cells. Results are mean + SD.

DISCUSSION

The data presented by Martens et al, (1986) suggested the existence of
heterogeneity in the population of rat bone marrow CFU-S related to timing of
appearance and disappearance of colonies (from day 6till day 14), and sensitivity
to cytotoxic drugs, i. e, suggesting that rat CFU-Sd8 are more mature (less
primitive) than rat CFU-Sd12, as was demonstrated for the analogous murine
CFU-8 subpopulation (Chertkov & Drize 1984).

The number and incidence of CFU-Sd8 presented here for Wistar rats (9408
* 816 and 10.3 = 1.1 respectively) are very similar to the values obtained inthe
‘rat to mouse" CFU-SdB assay by Martens et al. (1986) for BN/B/Rij rats (8200 =+
862 and 10 respectively), Thus, it seems that different strains of rats have a smilar
range of values for number and incidence of CFU-Sds in bone marrow,

The seeding efficiency of normal rat bone marrow CFU-8d8, as was deter-
mined recently in a "rat to mouse" assay (3.3%) (lvanovi¢ and Milenkovié 1995),
was in the range of values found for normal mouse CFU-Sd8 (3-6 %) (Hendry
1971; Lahiri and Van Putten 1969). This implies that rat and mouse CFU-S have
similar affinity for seeding to the spleen of lethally irradiated mice, i. e. similar
properties in respect to their potential for transplantation efficiency. This confirms
the validity of the “rat to mouse" technique for determination of mature category
CFU-S in rat hemopoietic tissue.

It is generally accepted that the proliferation activity of mousge bone marrow
CFU-Sis low, i. e, only about 10% of these cells are in the S phase of the cellcycle
(Becker et al, 1965; Lajtha et al. 1969; Lord et al, 1974; Milenkovi¢ et al. 1979;
1987; 1991; 1993; Ivanovié et al. 1998}, irrespective of the method used for
measuring the proliferation acitivity (cell death resulting from uptake of 3H-
thymidine or cytosine-arabinoside during the S phase of the cytle). A similar
proliferation activity -15% (Dunn 1972), and 10% (Dunn 1973} - was found for the
population of rat CFU-S determined in the rat to rat' assay and confirmed here
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for CFU-8d8 in a "rat to mouse" assay. Rat CFU-Sd8 responded to a stimulator
of CFU-S proliferation in vitro at the same dose range (lvanovi¢ et al 1895) as
found for mouse CFU-Sd8 (Lord 1977; Milenkovi¢ et al. 1991, 1993; lvanovi¢ et
al. 1993) Since a difference in sensitivity to stimuiation with a stimulator of CFU-S
proliferation was established for subpopulations of mouse CFU-S (CFU-Ed12less
sensitive than CFU-Sdg) (Wright et al. 1985), it seems that rat CFU-Sd8 as
determined in a "rat to mouse" assay are also functionally equivalent to mouse
CFU-Sd8. The data presented here and earlier (Ilvanovi¢ et al. 1995}, therefore,
demonstrate that the normal rat bone marrow CFU-Sd8, as determined in a "rat
to rnouse" assay, have similar proliferation characteristics in the steady state as
normal mouse bone marrow CFU-Sd8,

Theresults of this study confirm the existence of an analogy between CFU-S
compartments in the bone marrow of rats and mice.
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BROJ | PROLIFERATIVNA AKTIVNOST ZRELIJE KATEGORIJE PLURIPOTENTNIH MATICNIH
CELIJA HEMATOPOEZE U KOSTNOJ SRZI PACOVA ODREBENIH TEHNIKOM "PACOY NA
Misa*

Z, WANOVIG i P. MILENKOVIG
SADRZAJ

Odredivanje matiénih éelija hematopoeze kod pacova je skopéano sa
tehnickim poteSkocama. Ipak, pluripotentne matiéne ¢elije hematopoeze mogu
biti uspesno odredene metodom koji podrazumeva koriééenje letalno ozradenih
miSeva kao primaoca pacovske kostne sr#i, u &ijoj slezini rastu hematopoetske
kolonije iz mati&nih Gelija kostne sri pacova ("pacov na miga® tehnika). U ovom
radu je metodom *pacov na mida’, odredivan broj i proliferativina aktivnost
CFU-5d8 u kostnoj srzi Wistar pacova. Ustanovljeno je da je broj CFU-Sd8 u
kostnoj srifemura Wistar pacova priblizan broju ovih ¢elija u kostnoj sri BN/Bi/Rij
pacova, poznatim iz literature, Proliferativna aktivnost CFU-Sd8 u kostnoj srzi
Wistar pacova je veoma niska. Na osnovu jednake (niske) proliferativne aktivnosti
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i sliénih funkcionalnih osobina koje su ustanovljene ranije, moZe se zakijuditi da
CFU-Sd8 kostne srzi pacova odredene metodom "pacov na miga", kao i CFU-Sd8
kostne srzi miSa, predstavijaju zreliju kategoriju pluripotentnih matiénih Gelija
hematopoeze.



