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tion might be the differences in antigen dose employed,
since mice in the BSA group received 1.25 mg BSA
weekly while the HRBC group received inocula of 0.8 ml
packed red cells. In this connection, a number of pos-
sible mechanisms could be invoked to account for the
protective effect of HRBC administration. For example,
HRBC may have stimulated formation of antibodies
cross reacting with RAUSCHER virus. Alternatively, a
non-specific protective effect might be obtaining, such
as stimulation of interferon production0 by the red cells
or by virus contaminating these cells. Delayed deaths
may also have been the consequence of decreased avail-
ability of cells susceptible to virus infection due to their
prior commitment along immunologic pathways”.
MercaLr!l, employing weekly injections of BSA and
Salmonella flagellay antigen, reported an increased inci-
dence of reticular tumors in C3H mice. Increased reticular
tumors were also demonstrated in animals following
transfer of spleen cells from parent to F1 hybrid rec-
ipients!? and between strains of mice differing at the
H-1 histocompatibility locus1®. Possible mechanisms sug-
gested have included activation of oncogenic virus and
stimulation of immunocompetent cells to neoplastic pro-
liferation. DamMESHEK!! has proposed that certain forms
of leukemia may be due to abnormalities in immuno-
proliferation. Such differences from those findings of the
present study may be due to differences in the host cell
types involved in the neoplastic responses. If, as specu-
lated2-3, the target for RauscHER virus infection is a
stem cell, availability of such cells may be influenced by
the systemic requirements for differentiated cells. On
this basis, it would be proposed that the demand for
differentiated cell types participating in the response to
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foreign red cell antigens was sufficiently great to cause
a diminution in numbers of precursor cells available for
viral infection. Further studies are required to clarify
the mechanism of this retardative effect on viral leukemo-
genesis and to determine its relationship, for example,
to antigen dose and structure!s.

Zusammenfassung. Die Mortalitit an Leukdmie bei
BALB/c-Midusen wurde durch wochentliche i.p. Injek-
tionen mit menschlichen Erythrozyten herabgesetzt,
wenn sie wihrend 8 Monaten vor der Impfung mit Ravu-
SCHER-Leukdmievirus vorbehandelt waren. 7 Monate
nach der Virusinfektion zeigten 209, dieser Mause keine
Zeichen von Leukidmie. Kontrollversuche mit der gleichen
Serie von Injektionen von Ochsenserumalbumin zeigten
keinen Schutz.
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Blastomitogenic Agents in Leguminosae and Other Families

Except for the pokeweed mitogen of Phyftolacca ameri-
cana!, plants which have been reported to contain sub-
stances capable of stimulating blastomitogenesis in lym-
phocyte cultures have been limited to the family Legumi-
nosae?-% It is known that a plasmacytoid cell type
appears in pokeweed stimulated cultures® in addition
to the blast cell produced by both phytohemagglutinin
(Phaseolus vulgarisy and pokeweed?$. In searching for a
possible differential effect of blastomitogenic agents from
different sources, upon refractory lymphocytes, we have
screened seed extracts from a variety of plant families
for blastomitogenic activity. In doing so we have discov-
ered 4 such agents in the seeds of plants from the families
Compositae, Ephedraceae, Clusiaceae and Solanaceae.

Lymphocyte cultures from several healthy donors
were prepared by gelatin sedimentation of defibrinated
blood as previously described?. Saline extracts of the
seeds were prepared and filtered through Millipore filters
(0.45 u). A 1 or 2 ml suspension of lymphocytes (1 x 108
lymphocytes/ml) in TC-199 containing 100 U of penicillin-
streptomycin mixture and 209, autologous serum was
cultured in each tightly stoppered Bellco disposable glass
tube. The seed extracts were added to the tubes in
volumes of 0.01 ml and 0.1 ml. For each group of cul-
tures an extract of red kidney beans (P. vulgaris), pre-
pared in the same manner, was used as the reference
mitogen. Tubes to which no extract was added served
as controls. The cultures were sacrificed at 48 or 72h
and smears were prepared and stained with Wright's
stain. 500-1000 cells were counted on smears from 72 h

cultures which appeared to contain more blasts than the
control cultures. Cells categorized as transformed were
‘blasts’, i.e. large cells with fine chromatin, single or
multiple large nucleoli, and abundant, blue cytoplasm,
often containing vacuoles. These cells could be distin-
guished from the macrophages that were present in some
of the cultures. Lymphocytes with increased cytoplasm,
but little or no nuclear change were not classified as
transformed.

Ninety seed extracts, representing 38 families were
tested for blastomitogenic activity®. Those extracts
demonstrating significant blastomitogenic activity at
72 h are listed in the Table.
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Several other extracts showed slight activity, but there
was usually insufficient material, because of the scarcity
of seeds, to run dilution curves to determine optimum
concentration, or to attempt removal of possible inhibitors
or cytotoxic factors. Thus, we cannot be certain of their
potency as blastomitogenic agents. The .extracts of
P. yulgaris consistently produced the highest percentage
of blast cells. However, a comparison of specific activities
of the various blastomitogenic extracts was not possible
in the absence of purified preparations.

Several of the extracts produced pronounced erythro-
agglutination, but no lymphocyte transformation; and,
although the great majority of blast cells'in positive
cultures tended to occur in clumps, often detected only
microscopically, there were numerous instances of lympho-
agglutination without transformation. Thus, lympho-
agglutination alone does not appear to be sufficient to
produce lymphocyte transformation. Furthermore, reports
of prevention of leukoagglutination without depression
of transformation?, lack of agglutination by agents such
as staphylococcal filtrates!?, and transformation of iso-
lated lymphocytes in agar!! indicate that agglutination
is not essential for transformation. However, our own
experience has been that blasts in mixed lymphocyte
cultures and those stimulated by staphylococcal filtrates
occur, for the most part, in loosely adherent microscopic
clumps. This agglutination occurs prior to cell division
so that the aggregates are not the result of adherent
clones of daughter cells. It is our impression that although
agglutination may not be essential for transformation,
the degree of transformation in cultures is enhanced by
increased cell contact which may be produced either by
high cell density!? or agglutination.

KRUPE et al.4, in surveying plant hemagglutinins from
6 families, found only 3 ‘new’ species with mitogenic
activity and these were all from the family Leguminosae.
These authors concluded that the mitogenic and agglu-
tinating agents were identical, whereas DowNING et al.b
have suggested that the mitogenic factor in some plant
agglutinins may be independent of both erythroagglu-
tinating and leukoagglutinating activity. However, the
nature of the relationship between these 3 properties is
still obscureS5.

Both KrtiPE and DownNING found no mitogenic activity
in plant agglutinins with ABO blood group specificity.
Among the seed extracts included in our own study
were 4 with specific blood group agglutinating activity —
Ulex eurvopaeus (anti-H), Dolichos biflovus (anti-A), Iberis
amara (anti-M) and Vicia graminea (anti-N)2. These did

Seed extracts with blastomitogenic activity

Genus and species Family % Trans-
formation 2
72h

Phaseolus vulgaris (red kidney bean) Leguminosae 49.6-65.8

Datura discolor (shrub) Solanaceae 42.8

Crotolaria breviflora (rattle-box) Leguminosae 40.6

Trixis californica (American trixis) Compositae 38.6

Canavalia ensiformis (jackbean) Leguminosae 30.6

Ephedra nevddensis (Mexican tea, shrub) Ephedraceae 22.5

Mammea safra (mammee-apple) Clusiaceae 19.4

Pisum sativum (pea) Leguminosae 17.4

Phaseolus sp. (Japanese red bean) . Leguminosae 6.0

Control {no extract) 0-2.0

& 500-1000 cell counts.
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not produce transformation of lymphocytes from donors
with these antigens, confirming the lack of relationship
between specific blood group agglutinins and blasto-
mitogenic activity reported by the above workers?5.

The blast cells produced by the extracts listed in the
Table were indistinguishable from those produced by PHA,
but the plasmacytoid cells reported in pokeweed stimu-
lated lymphocyte cultures® were not observed. However,
electron microscopic studies are in progress to better
characterize the cells produced by mitogenic extracts.

The results of this study confirm the existence of
multiple species of plants, within the family Legumi-
nosae, with seeds that contain blastomitogenic agents,
and also indicate that apparently not all legumes possess
these agents. However, the latter is less certain because
of the possibility that inhibitors or cytotoxic agents co-
exist in the crude extracts of some seeds.

In addition, this survey has revealed blastomitogenic
activity in 4 species from 4 other families, i.e. Solanaceae,
Datuva discoloy; Compositae, Trixis californica; Ephe-
draceae, Ephedra nevadensis; and Clusiaceae, Mammea
safra. This wide distribution of phytomitogens in nature
raises interesting questions about the chemical similarity
of the agents, the mechanism of blastomitogenic action,
the role of the agents in plant physiology, and their
evolutionary significance. Of potentially more practical
value is the possibility that blastomitogens from different’
sources will produce varying degrees of effect upon ab-
normal lymphocytes, e.g. chronic lymphocytic leukemia,
which show depressed and/or delayed transformation
when exposed to PHA 1415,

Résumé. Des agents blastomitogéniques furent décelés
non seulement dans les extraits de 4 genres propres a la
famille des Légumineuses, mais aussi dans les graines
d’espéces déterminées appartenant aux familles des Sola-
nacées, Composées, Ephédracées et Clusiacées. Ces 4
derni¢res sources, non mentionnées au préalable, té-
moignent de la répartition variée de ces agents dans la
nature et donnent lieu & des conjectures aux points de
vue de leur affinité chimique, du mécanisme de leur
action blastomitogénique, de leur réle dans la physiologie
végétale et de leur importance dans 1'évolution.
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