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Continuous Lines of BasophilIMast Cells 
Derived from Normal Mouse Bone Marrow 

Abstract. Nonadherent tissue culture cell lines were established from normal bone 
marrow of a variety of mouse strains. The lines possessed morphological and 
histochemical markers of the basophillmast cell and contained committed stem cells 
for metachromatic cells. Their derivation from normal marrow and their lack of 
tumorigenicity despite long-term culture makes these cell lines potentially important 
for studies of the mechanisms of allergic reactions and injlammation as well as the 
differentiation pathways involving this subset of hematopoietic cells. 

Techniques for growth of normal he- 
matopoietic cells in culture have recently 
been developed (1, 2). With the use of 
these procedures, multipotential stem 
cells (CFU-s), mixed colony-forming 
cells, and committed stem cells (CFU-c), 
including granulocytelmacrophage, ery- 
throid, megakaryocytic, and lymphoid 
progenitor cells, can be generated in 
primary culture for up to several months 
(2-6). However, the establishment of 
continuous cell lines of normal hemato- 
poietic cells has so far been limited to the 
lymphocyte series, in which a specific 
growth factor for T lymphocytes has 
been isolated and shown to stimulate T 
cell proliferation in vitro (7, 8). The loss 
of self-renewal capacity of nonlympho- 
cyte stem cells in culture may be attrib- 
utable to irreversible, spontaneous dif- 

cells in the population were transferred 
into Dulbecco-Vogt modified minimum 
essential medium supplemented with 30 
percent fetal bovine serum (Colorado 
Serum Company) and 10 percent W-CM. 
Transferred cells were maintained at 
37°C in 7 percent C02 in air. For the first 
few passages, fibroblast- and macro- 
phage-like cells attached to the surface 
of the petri dish. However, within five to 
ten cell transfers at weekly intervals, 
adherent cells in the culture were elimi- 
nated. In the absence of W-CM, nonad- 
herent cells could not be maintained in 
suspension culture; only fibroblastic ad- 
herent cells survived. Optimal concen- 
trations of W-CM for growth of nonad- 
herent cells ranged from 8 to 12 percent. 

ferentiation, but the mechanism is un- 
known. 

Certain cells are reported to release 
growth factors for the proliferation in 
culture of specific subpopulations of 
normal hematopoietic cells (9-13). A 
growth-stimulating factor (or factors), 
released by the BALBIc mouse myelo- 
monocytic leukemia cell line WEHI-3 
(14) has been reported to support contin- 
uous growth of mouse bone marrow cells 
in suspension culture (15). In the present 
report, we demonstrate the establish- 
ment, in WEHI-konditioned medium 
(W-CM) (16), of bone marrow cell lines 
that have characteristics of basoohilic 
granulocytes or tissue mast cells and 
contain committed stem cells for meta- 
chromatic cells (CFU-META). 

Cultures were initiated with bone mar- 
row of NIH Swiss and 1291J mice 

Fig. 1 .  (a) Photomicrograph of the BM-2 bone with the use of Greenberger's modifica- ma,, line stained by W"ght-~iemsa 
tion (3) of Dexter's system (2). After 4 to (~480) .  (b) Electron micrograph of the BM-2 
6 weeks in primary culture, nonadherent cell line ( ~5300) .  

Cells were routinely passaged weekly at 
a concentration of 5 x lo4 cells per mil- 
liliter; the cell doubling time ranged from 
50 to 60 hours. Cell lines derived in this 
manner have been maintained continu- 
ously for more than 20 months. 

In order to examine the reproducibility 
of the system, long-term cultures offresh 
bone marrow cells from AKRIJ, CBAIN, 
C57BL/6N, C57BLlKsJ, C57LIJ, C58lJ, 
12915, and NIH Swiss strains of mice 
were attempted according to the meth- 
ods described (16). Five to ten individual > ,  

bone marrow cultures were initiated with 
each strain. Nonadherent cells were eas- 
ily passaged and could be maintained 
indefinitely with NIH Swiss, 12915, 
C57BL/6N, and C57BLIKsJ bone mar- 
row cultures. Under the same conditions 
with the AKRIJ, CBNN, C57LlJ. and 
C58lJ strains, it was difficult to maintain 
nonadherent cells in successive culture 
for more than 3 months. It has been 
reported that adipocyte colony forma- 
tion in primary bone marrow cultures 
correlates with the ability of such cul- 
tures to generate CFU-s and CFU-c of 
the granulocyte series (3). We observed 
that adipocyte colony formation in the 
primary culture appeared to correlate 
with success in establishing nonadherent 
bone marrow cell lines. 

Typical morphological features of cells 
in the established cell lines included cy- 
toplasmic granules that stained dark vio- 
let to red-purple by the Wright-Giemsa 
method (Fig. la). The nuclei of most 
cells were round to oval, but segmented 
nuclei were also observed. Examination 
by electron microscopy (Fig. lb) showed 
that cell surfaces were roughened by 
microvilli and that the cells invariably 
contained numerous immature granules. 
These findings suggested that the estab- 
lished lines consisted of cells of the baso- 
phillmyeloid series. 

The bone marrow cell lines were next 
analyzed by histochemical techniques 
for enzvmes characteristic of different 
hematopoietic subpopulations. The re- 
sults (Table 1) with representative cell 
lines indicated the lack of detectable 
myeloperoxidase, which is normally as- 
sociated with myeloid cells of the neutro- 
phi1 series (17). Lysozyme activity, 
which is generally associated with cells 
of the monocyte-macrophage series (181, 
was also absent. In contrast, toluidine 
blue staining showed that a high percent- 
age of the cells contained metachromatic 
granules, which are diagnostic for tissue 
mast cells or basophilic granulocytes 
(17). 

Nonspecific esterase is a histochemi- 
cal marker reported in monocyte-macro- 
phages (17). Cell lines examined were 
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Table 1. Biochemical characterization of established nonadherent bone marrow cell lines. 
Histochemical stainmg was performed following cytocentrifugation of nonadherent bone 
marrow cell lines. Staining for naphthol AS-D chloroacetate esterase and a-naphthyl acetate 
esterase (nonspecific esterase) (Sigma) was performed according to the instructions. Staining 
for myeloperoxidase and toluidine blue staining for metachromasia were performed according 
to the methods of Yam et al .  (17). At least 1000 cells were examined in each smear. Lysozyme 
activity was examined by lysoplate assay (18). Myelomonocytic leukemia cells, used as a 
positive control, contained >15.0 pg of lysozyme per lo6 cells. Histamine content was 
examined by the enzymatic isotopic assay (21). Histamine content of highly mature mast cells 
derived from peritoneal exudates of normal mice was 3.0 pg per 10' cells. 

Percentage of cells positive in Lyso- Hista- 
histochemical staining for zyme mine 

- 
Cell Mouse (micro- (nano- 
line strain Myelo- Meta- Non- chloro- grams grams 

per- chro- specific acetate Per Per 
oxidase masia esterase esterase 1 Oh 10' 

cells) celis) 

BM-1 NIH Swiss < 1.0 > 90.0 80.0 to 99.0 75.0 to 90.0 < 0.2 53 
BM-2 12915 < 1 . 0  >95 .0  80.0to95.0 60.0lo80.0 < 0 . 2  300 

positive for this enzyme (Table 1) ;  how- 
ever, chloroacetate esterase. an enzyme 
reported for tissue mast cells and neutro- 
philic granulocytes (17), was also dem- 
onstrated in the majority of cells. In fact, 
double staining revealed that more than 
50 percent of the cells contained both 
activities. Whether nonspecific esterase 
activity reflects a previously undetected 
stage in the differentiation of the baso- 
phillmast cell o r  an aberrant effect of 
growth in culture remains to be deter- 
mined. As a further test of the basophill 
mast cell origin, histamine content (19, 
20) of the cell lines was analyzed by the 
enzymatic isotopic assay (21), and hista- 
mine was readily detected in all cultures 
tested. Recently, surface receptors for 
mouse immunoglobulin E have been de- 
tected (22), indicating that the cell lines 
possess additional highly specific and 
functional markers s f  basophillmast 
cells. Thus, we conclude that the nonad- 
herent bone marrow cell lines estab- 
lished under our culture conditions were 
composed of cell populations within the 
basophilimast cell series. 

In order to investigate the stage of 
differentiation of the cell lines, we per- 
formed CFU-s assays according to es- 
tablished methods (23). When 5 x lo6 
cultured cells were inoculated intrave- 
nously into lethally irradiated mice, no 
spleen colonies were observed, which 
suggested that the cell lines lacked multi- 
potential stem cells. In contrast, when 
the cells were assayed for CFU-c (24, 25) 
in semisolid methylcellulose-containing 
medium supplemented with 20 percent 
horse serum and 20 percent W-CM, we 
observed 20 to 30 clusters (5 to 50 cells) 
and one to three colonies (> 50 cells) per 
10' cells. Histochemical analysis of both 
clusters and colonies revealed that most 
of the cells contained metachromatic 
granules and exhibited a range of differ- 
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entiation. These results substantiated the 
presence of CFU-META within the bone 
marrow lines. 

Spontaneous transformation leading to 
leukemogenic cell lines has been report- 
ed in bone marrow cultures (26). Tests 
for turnorigenicity were performed in or- 
der to determine whether continuous 
propagation of the cell lines led to spon- 
taneous transformation. Cells (5 x 106) 
from established cell lines were inoculat- 
ed subcutaneously or intraperitoneally 
into syngeneic newborn mice but no de- 
tectable tumors were observed during a 
period of 1 year. Thus, continuous prop- 
agation of the bone marrow lines in cul- 
ture was not associated with establish- 
ment of a transformed malignant cell 
population. 

There has been controversy concern- 
ing the differentiation pathways involved 
in generation of basophilic myeloid cells 
and tissue mast cells. It was initially 
believed that the two cell types were 
derived from different precursors-baso- 
philic granulocytes were thought to origi- 
nate from a bone marrow stem cell, 
whereas mast cells were believed to be 
derived from connective tissue cells (20). 
More recently, Kitamura et al. (27) have 
obtained evidence that tissue mast cells 
also originate from a bone marrow pre- 
cursor. In the present studies, morpho- 
logical findings and histochemical analy- 
sis showed that within the bone marrow 
lines some cells could be classified as  
basophils and others as  tissue mast cells. 
Thus, committed bone marrow stem 
cells in these lines may be at a stage 
capable of differentiation to either cell 
type. 

The WEHI-3 line has previously been 
shown to release factors that can stimu- 
late colony formation of committed stem 
cells for megakaryocy te, granulocyte, 
and macrophage series (4, 28, 2Y), as 

well as  long-term growth in normal neu- 
trophilic progenitor cells (30). In prelimi- 
nary experiments, semipurified mature 
mast cells from mouse peritoneal exu- 
dates could not be maintained for more 
than 2 weeks in the presence of W-CM. 
Yet metachromatic cells, which initially 
comprised a distinct minority in primary 
bone marrow cultures, were selected in 
medium containing W-CM. These obser- 
vations suggest that WEHI-3 cells re- 
lease an additional stimulatory factor (or 
factors) whose target is at the committed 
stem cell stage of metachromatic cell 
differentiation. 

The RBL line, which was established 
from a rat basophilic leukemia (31), has 
been the only available tissue culture line 
comprised of cells of the basophillmast 
cell series. The presently described cell 
lines were derived from normal bone 
marrow and have remained nontumori- 
genic despite long-term culture. Thus, 
they should be particularly useful for 
investigation of normal differentiation 
pathways of this subset of hematopoietic 
cells, as  well as in studies of allergic 
reactions and inflammation. These cell 
lines may also be of use in investigations 
aimed at the development of tissue cul- 
ture assays for neoplastic transformation 
of hematopoietic cells by RNA tumor 
viruses. 
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Bovine Babesiosis: Protection of Cattle with 
Culture-Derived Soluble Babesia bovis Antigen 

Abstract. Adult Hereford (Bos taurus) cattle were protected frotn severe reactions 
and death caused by the tick-borne protozoan hemoparasite Babesia bovis, 3 tnonths 
after vaccination with a cell culture-derived immunogen. The itntnunogen consisted 
of filtered, freeze-dried supernatant Jiuid collected jkom long-term clrlt~rres of 
Babesia bovis in vitro. It was reconstituted with saponin adjuvant and injected t+iice 
subcutaneously at  2-week intervals. Serum collected from vaccinated cattle carrsed 
thickening of the merozoire surface coat, aggregation, and lysis of merozoites in 
vitro. This reaction was identical to that caused by serum from immune carrier cattle 
suggesting that the protective antigen present in culture fluids is merozoite surface 
coat antigen. No mortality occurred among vaccinated cattle, whereas mortality 
among unvaccinated cattle and Babesia bigemina-immune crrttle ~w.s 62.5 percent 
indicating that immunity to bovine hahesiosis is species-spec$c. 

Bovine babesiosis, caused by the in- 
traerythrocytic protozoan parasite Babe- 
sia bovis (= argentina), is an acute, 
tick-borne hemolytic disease that affects 
cattle throughout the world (1). The se- 
verity of the disease is attributed to 
erythrocyte destruction and plugging of 
capillaries with parasitized erythrocytes 
leading to impaired organ function (1). 
Mortality is high, often exceeding 50 
percent of affected cattle (2). Chemo- 
therapeutic agents effective against the 
parasite are commercially available and 
recovered animals are immune to disease 
from homologous or heterologous strains 
of B. bovis (3). Therefore, immunopro- 
phylaxis is directed toward prevention of 
the disease rather than infection and has 
traditionally been achieved through 
"premunition" (4), that is, by infecting 
cattle with parasites and treating them 
with drugs a s  necessary. Immunity to 
babesiosis persists for at least 6 months 
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after cattle have been freed of infection 
through drug treatment or their own im- 
mune system (5). The development of 
immunity as a result of natural infection 
provides the rationale for attempting to 
develop an effective inactivated vaccine 
for bovine babesiosis. We report here 
that cattle can be protected against babe- 
siosis for an extended period of time by 
vaccination with soluble antigen extract- 
ed from the medium of long-term cul- 
tures of B. bovis-infected erythrocytes. 
We present evidence that merozoite sur- 
face coat antigen is present in the culture 
medium, and that this antigen may be 
responsible for the induction of the im- 
munity. 

Bovine babesiosis is similar in many 
ways to human malaria caused by Plas- 
modium spp. (6). Furthermore, several 
species of Babesia infect man, producing 
a syndrome that has often been misdiag- 
nosed as malaria (6, 7). Recent progress 
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toward the development of an inactivat- 
ed vaccine for babesiosis has closely 
paralleled similar studies in malaria re- 
search (8).  Both parasites have been 
grown in vitro and their respective cul- 
ture-derived antigens have been partially 
purified and characterized (9, 9a). Babe- 
sia bovis merozoites are abundant in 
culture supernatant fluids and possess a 
loosely adhering surface coat visible un- 
der the electron microscope. The infec- 
tivity of culture-derived merozoites is 
destroyed by freeze-thawing. The suc- 
cess of recent immunization and chal- 
lenge experiments with killed, culture- 
derived Plasmodium (10) and Babesia 
(11) is attributed to the antigenic compo- 
sition of the extraerythrocytic invasive 
stage of these parasites, that is, the mer- 
ozoite. Specifically, the merozoite sur- 
face coat elicits the production of anti- 
bodies that prevent erythrocyte invasion 
by parasites and facilitates their immune 
destruction by phagocytic cells (9a, 12). 
However, preparations of malaria and 
babesia merozoites are contaminated 
with erythrocyte stroma, and this limits 
their usefulness as a vaccine. Soluble B. 
bovis antigens prepared from medium of 
primary cultures by salt precipitation or 
pervaporation induce short-term protec- 
tion from tick-borne babesiosis when 
combined with Freund's complete or in- 
complete adjuvant (11). 

In the present study the immunogen 
was extracted from the culture medium 
of actively growing cultures of B. bovis- 
infected bovine erythrocytes (13) that 
had been maintained in vitro for 196 days 
(approximately 98 generations) (14). Cul- 
ture medium was collected over a 24- 
hour growth period during which parasi- 
temia increased from 1.1 to 5.1 percent. 
After centrifugation at 11,877g for 15 
minutes at 4'C, the cell-free supernatant 
fluid was filtered through a membrane 
with 0.22-km pore size, freeze-dried in 
28-ml portions (0.66 g of total protein), 
and stored at 4OC. Immediately before 
being used each portion was solubilized 
with 5 ml of sterile distilled water, mixed 
with 1 mg of saponin adjuvant (IS), and 
inoculated subcutaneously into each of 
four Hereford (Bos taurus) cattle, each 
aged 18 months. A booster injection was 
given 2 weeks later. Four control cattle 
were each inoculated as above with ly- 
ophilized cell-free supernatant fluid from 
uninfected erythrocyte cultures. The 
only adverse effects of immunization 
were mild local swelling and increased 
body temperature for 48 to 72 hours. 

The four immunized cattle and the 
four controls were challenged by expos- 
ing each of them to 1000 Boophillrs mi- 
croplus larvae from a B. bovis-infected 
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