in optical astronomy, as interest in the-
oretical astrophysics, radio astronomy,
and space astronomy grows, the pro-
posed program is still based upon a
straightforward projection. In view of
the important contributions being made
to the development of astronomy by
observers with U.S. optical telescopes,
to provide less than is recommended
here would, in the opinion of the
panel, mean a loss of momentum,
and would constitute a retrenchment.

There is no single index in radio

astronomy that represents the ground-
based observing potential in the United
States, particularly since modern an-
tenna systems consist of both arrays
and paraboloids. The growth of the
major U.S. facilities is barely a decade
old, and no long-term trends or growth
rates can be said to have been estab-
lished. The panel proposes -a set of
facilities demanded by the nature of
the problems now faced in this field.
These facilities will create capabilities
for observational research commensu-

Tissue Culture Studies
of the Human Lymphocyte

Experiments under controlled conditions provide new
information on this cell’s function and potentiality.

The lymphocyte has long been the
subject of study and debate (/-3).
This white blood cell is prominently in-
volved in certain inflammatory, im-
munological, and malignant processes
(4, 5). However, despite its presence
in both normal and diseased states,
the specific functions and potentialities
of this cell have, until recently, re-
mained largely unknown.

In stained smears of human periph-
eral blood the lymphocyte is readily
distinguishable from the other white
blood cells because of its dark, round-
ed nucleus surrounded by what is
usually a nongranular cytoplasm. Most
of these peripheral-blood lymphocytes
are less than 10 microns in diameter
and are classified as “small” lympho-
cytes (6, 7, p. 53). Some larger lym-
phocytes (10 to 18 microns) may also
be present. The presence of nucleoli
in lymphocytes of human peripheral
blood has been demonstrated with the

The author is a research associate in the Sec-
tion on Neurochemistry, Clinical Neuropharma-
cology Research Center, National Institute of
Mental Health, Saint Elizabeths Hospital, Wash-
ington, D.C.
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electron microscope (8), but they are
not usually seen in stained dry smears
with the light microscope (7). How-
ever, large lymphocytes with promi-
nently visible nucleoli are plentiful in
lymphoid tissue such as the lymph
nodes and spleen (7, p. 89; 9; 10).
There they divide and apparently give
rise to the peripheral-blood lympho-
cytes, which later gain access to prac-
tically all the organs and tissues of
the body.

A long-standing and still largely un-
resolved question concerns the poten-
tialities of mammalian lymphocytes and
the control of their differentiation (2).
Some small lymphocytes are capable
of undertaking an immunological re-
sponse and apparently can be trans-
formed in animals into large immature-
appearing cells (77, 72). It is possible,
also, that lymphocytes may develop in
vivo into antibody-producing cells (73—
16), and there is considerable.evidence
that some peripheral-blood lymphocytes
can develop into macrophages (3, 7,
p. 76; 10; 14; 17; 18). The small lym-
phocyte has been considered a poten-

rate with these demands, and quite
beyond any yet provided. The man-
power, the techniques, and the engi-
neering competence for realization of
this goal are all in sight.

Note

1. The full report, Ground-Based Astironomy, A
Ten-Year Program, may be obtained from the
Printing and Publishing Office, National Acad-
emy of Sciences, Washington, D.C., 20418, $4.
The report was prepared under the sponsor-
ship of the Committee on Science and Public
Policy of the National Academy of Sciences
and supported by the National Science Founda-
tion.

tial stem cell for all the formed ele-
ments of the blood (1, 2, 16, 19).

A notable advance in our knowledge
was made when the small lymphocyte
of human peripheral blood was shown
to be transformed in vitro into a large,
morphologically primitive, “blast-like”
cell capable of undergoing mitosis (I8,
20-23). .This transformation, which
may be referred to as ‘“blastogenesis”
(24), has been widely studied within
the last 2 years. This article de-
scribes blastogenesis and some stimuli
which induce it. Information is pre-
sented, obtained in studies of this phe-
nomenon, concerning the differentia-
tion and potentialities of the lympho-
cyte of human peripheral blood. Figure
1 summarizes both the established and
the suggested transformations of this
cell. Many of the findings obtained
from the study of blastogenesis have
direct and important medical applica-
tions. However, in this article I mention
the pathological and. clinical aspects
only insofar as they seem to provide
fundamental information about the
lymphocyte and blastogenesis,

Effect of Phytohemagglutinin
on the Small Lymphocyte

In general, when leukocytes of nor-
mal, human peripheral blood are cul-
tured in vitro, few, if any, of the cells
enlarge and undergo mitosis. Nowell
(25) attempted to obtain dividing cells
for chromosome analysis and reported
that there were more blastoid and di-
viding cells in his cultures of normal,
human peripheral blood than had
usually been obtained in cultures re-
ported by previous investigators. In-
vestigating this interesting finding, he
found that a substance known as
phytohemagglutinin (PHA), an ex-
tract of the red kidney bean, was re-
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sponsible for this effect. Phytohemag-
glutinin had previously been used (26,
27) to agglutinate the erythrocytes,
thereby facilitating their separation
from the leukocyte-rich plasma which
was to be cultured. This blastogenic
effect was evidently not due simply to
the removal of the agglutinated eryth-
rocytes, for PHA was found to induce
blastogenesis even when the erythro-
cytes remained in cultures of whole
blood (25).

Evidence has since been presented
which identifies the small lymphocyte
as the cell undergoing blastogenesis in
the presence of PHA (I8, 20-23). In
several of these experiments the initial
inoculum consisted almost entirely of
small lymphocytes. In the presence
of PHA these small lymphocytes de-
creased in number and, simultaneously,
many blastoid cells appeared, all prior
to the onset of visible cell division.
Numerical considerations clearly re-
quired the conclusion that transforma-
tion of many of the small lymphocytes
initially present was responsible for
the origin of many of the developing
blastoid cells. It is not known whether
the larger lymphocytes also undergo
blastogenesis. It seems that the mono-
cyte does not undergo blastogenesis in
the presence of PHA; it probably
either remains unchanged or becomes
a macrophage (28). This view is sup-
ported by the findings that none of
the blastoid cells give the cytochem-
ical reactions characteristic of a mono-
cyte (29).

On the third day of culture (30),
in the absence of PHA the small lym-
phocytes are essentially unchanged. In
cultures containing PHA, on the other
hand, more than 70 percent of the
small lymphocytes may be transformed
into blastoid cells—that is, into large
cells which have deeply basophilic, non-
granular cytoplasm surrounding a large
rounded nucleus which contains homo-
geneously staining chromatin  and
prominent nucleoli. In the cytoplasm
there is often a lightly stained area
bordering one side of the nucleus. In
addition, there are often several small,
unstained, cytoplasmic vacuoles. The
diameter of the largest cells may be
three times that of a small lymphocyte.
Smaller blastoid cells, intermediate in
size between these very large cells
and the small lymphocyte, are also
present. Many, but not all, of the
blastoid cells are found aggregated in
clusters. The single cells, as well as
the free borders of cells in clusters,
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are actively ameboid (37, 32). Some
blastoid cells can be seen in mitotic
division after the 48th hour of culture.

The cytoplasm of the blastoid cells
stains intensely with the dye pyronin
(23, 32, 33). This pyroninophilia indi-
cates the presence of ribonucleic acid,
for the staining does not occur after
exposure of the cells to the enzyme
ribonuclease (23). Microdensitometric
measurements of Feulgen-stained prep-
arations indicate that the deoxyribonu-
cleic acid doubles in amount as the
nucleus enlarges during blastogenesis,
in preparation for visible mitotic di-
vision (32).

Like the lymphocytes from which
they arise and unlike the monocytes
and granulocytic leukocytes, the blas-
toid cells do not stain in the peroxidase
reaction (29). The blastoid cells show
no evidence of stainable lipid or glyco-
protein (29); the latter substance some-
times stains in certain --globulin-pro-
ducing cells (34-36) and possibly re-
sults from globulin complexed to poly-
saccharide. Other histochemical studies
(29) show that the developing blastoid
cells have active dehydrogenase sys-
tems and can have much stainable
glycogen. By the third day of culture,
however, most of the large, developed
blastoid cells have no detectable glyco-
gen (29). Glucose is utilized during
blastogenesis, and lactic acid is pro-
duced (32). These facts suggest that
glycolysis may be the main energy
source for blastogenesis. This sugges-
tion is further supported by the ob-
servation that blastogenesis can occur
in the complete absence of oxygen (25).

Electron microscopy has contributed
further information about the structure

of the blastoid cells. On the third day -

of culture the cytoplasm of the charac-
teristic blastoid cell contains a well-
formed Golgi body, sparse endoplasmic
reticulum, and many free ribosomes
(23, 37-39). These features are often
found in cells capable of division (15).
Some of the bodies in the cytoplasm
that appear opaque when viewed with
the electron microscope are believed
to be the vacuoles seen with the light
microscope (23, 37, 39). On the basis
of their electron microscopic findings
some investigators have speculated that
these bodies may contain globulins
(39); others have suggested that they
are composed of lipid (23, 37). As
noted above, the histochemical studies
have so far failed to suggest the pres-
ence of either of these substances.
Radioactive nucleic acid precursors

have been used to study the synthesis
of nucleic acid during blastogenesis
(20, 31, 32, 40-42), The results of
these studies are in accord with the
histochemical and morphological re-
sults presented above and support the
conclusion that both ribonucleic and
deoxyribonucleic acids are being ac-
tively synthesized by the cells in cul-
ture. Synthesis of ribonucleic acid be-
gins during the first 24 hours of cul-
ture; that of deoxyribonucleic acid,
soon thereafter.

Cultures from Patients with

Chronic Lymphocytic Leukemia

Of great interest is the finding that
very few or no blastoid cells develop
in cultures from some patients with
chronic lymphocytic leukemia (28, 30,
43, 44), a disease in which there is
usually an .overabundance of small
lymphocytes in the peripheral blood
and lymphoid tissue (5). This impair-
ment in blastogenesis is greater in cul-
tures from patients with high periph-
eral-blood lymphocyte counts than in
cultures from patients with low counts,
even though the concentration of cells
in all the cultures is made equal (44),
and it persists when the patients’ cells
are grown in culture fluid containing
plasma from normal individuals (28,
30). 1t is unlikely that the impairment
is due to a substance in the leukemic
culture fluid (which contained the pa-
tient’s plasma), for lymphocytes from
normal persons undergo blastogenesis
normally in the PHA-containing leu-
kemic culture fluid. This result indi-
cates also that the blastogenic factor
of PHA is not significantly used up
or inactivated in the leukemic cultures
(45).

These results suggest that most of
the lymphocytes from some patients
with chronic lymphocytic leukemia may
be inherently unable to respond to the
blastogenic stimulus of PHA and thus
differ from the majority of lympho-
cytes from normal persons. Even if
this is so, it cannot be concluded that
these leukemic lymphocytes are “ab-
normal” in the sense that such cells
are not present in a normal person’s
blood, for, as already noted, in cultures
from normal persons there are always
some lymphocytes which do not under-
go blastogenesis even in the presence
of high concentrations of PHA.

To summarize, most small lympho-
cytes of normal, human peripheral
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blood, in response to the blastogenic
action of PHA, engage actively in
certain metabolic processes character-
ized by the synthesis of ribo- and de-
oxyribonucleic acids. Consonant with
these metabolic activities are the de-
scribed changes in morphology, as re-
vealed by the light and electron micro-
scopes. One outstanding result of these
changes is the consequent mitotic di-
vision of many of the resulting blastoid
cells. Other lymphocytes—that is, a
small percentage of the lymphocytes in
a normal person’s blood and most
found in the blood of some patients
with chronic lymphocytic leukemia—
do not appear to respond to the blasto-
genic action of PHA in these short-
term tissue cultures.

Chemistry and Properties
of Phytohemagglutinin

The term phytohemagglutinin has
been applied to the hemagglutinating
extract obtained by Rigas and Osgood
(26) from the red kidney bean, Phase-
olus vulgaris. In low concentration
PHA agglutinates only the erythrocytes
(26); in high concentration it agglu-
tinates leukocytes also (46—49). Other
preparations with blastogenic activity
have been obtained from P. vulgaris
(41, 50-55). In some of these prepara-
tions there was blastogenic activity but
no erythrocyte-agglutinating activity
(47, 52). The possible independence
of these two activities had been orig-
inally suggested in reports that certain
batches of PHA had erythrocyte-ag-
glutinating, but no mitogenic, activity
(40, 56, 57). Furthermore, it was
known that when PHA was kept in
solution for several weeks its mito-
genic activity decreased at a higher
rate than its erythrocyte-agglutinating
activity (46, 52).

Several investigators have success-
fully separated the blastogenic activity
of PHA from the erythrocyte-agglutin-
ating activity by adsorbing the latter
from PHA onto erythrocytes (30, 48,
49, 54, 57) or erythrocyte stroma (53,
58). Leukoagglutinating activity re-
mains with the blastogenic activity
after this treatment (48, 49, 58). How-
ever, both these latter activities can
be removed by exposing the PHA to
leukocytes (48, 49), from which the
activities can then be recovered by elu-
tion (49). It is probable that the
blastogenic factor is proteinaceous, for
it is nondialyzable (46, 51, 52), it is
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destroyed at 100°C (25, 41), and its
activity is always found in the presence
of protein (41, 53, 54). Of interest is
the fact that the available PHA prep-
arations are found to contain several
proteins when they arc analyzed elec-
trophoretically (41, 49, 50, 53, 57,
59). The purification and characteriza-
tion of the blastogenic factor, or fac-
tors, of PHA will be of great interest.

Other Blastogenic Factors

The discovery that PHA could in-
duce blastogenesis in the lymphocyte
has stimulated a search for other fac-
tors which might have similar activity.
Within the last 2 years several such
factors have been described. Simply
for the purposes of discussion, these
can be classified into three groups:
(i) tuberculin-purified protein deriva-
tive (PPD) and some other antigenic
substances; (ii) homologous leukocytes;
and (iii) antiserum to leukocytes.

1) Tuberculin-purified protein deriv-
ative and other antigens. The first
known blastogenic factor other than
PHA was tuberculin-purified protein
derivative. Its blastogenic activity was
discovered independently by Pearmain,
Lycette, and Fitzgerald (60) and by
Schrek (61). Purified protein deriva-
tive produces blastogenesis and mitosis
in leukocyte cultures (60) from the
peripheral blood of donors who have
been infected with tuberculosis or im-
munized with the bacillus of Calmette
and Guerin, which is antigenically
similar to PPD. Most of these findings
have since been confirmed by other in-
vestigators (62, 63). It appears highly
probable that the lymphocyte, rather
than the monocyte, is the cell trans-
formed by tuberculin, for the blastoid
cells which develop resemble mor-
phologically (60-63) and cytochem-
ically (63) those obtained with PHA.
However, it is not known whether it
is the small or the large lymphocyte
(or both) which undergoes this trans-
formation.

Soon after the action of tuberculin
was reported, Elves, Roath, and Israels
(64) presented evidence that polio-
virus vaccine and tetanus toxoid pro-
duced blastogenesis in leukocytes from
specifically sensitized donors. Subse-
quently, several substances (65) which
can be antigenic for man in vivo have
been reported (48, 64, 66-69) to in-
duce blastogenesis in cultures of pe-
ripheral-blood leukocytes from donors

believed to have been sensitized to
these substances through natural infec-
tion, prophylactic immunization, or
other means. It has been generally
assumed, but not proved, that the
lymphocyte is the cell transformed by
these antigens.

An interesting feature of the blasto-
genic response to tuberculin and to
several (66), but not all (66, 67), of
these antigenic substances is the fact
that only a limited and small percent-
age of cells may become blastoid in
the presence of any one substance [for
example, usually less than 5 percent
after the third or fourth day of culture
with tuberculin (63, 66)]. More blas-
toid cells are formed in a culture chal-
lenged with two such antigenic sub-
stances than in one challenged with
either alone (66). Some substances
have been reported to produce a high
percentage of blastoid cells [for ex-
ample, 65 percent with heat-inactivated
smallpox vaccine lymph (67) and 71
percent with staphylococcal filtrate
(66)]. It remains to be elucidated
whether such variations are due to dif-
ferences in technique, differences in
cell sensitivity, or differences among
the blastogenic substances and their
mode or modes of action.

Elves and his co-workers (70) have
reported that a fluorescein-labeled anti-
serum to human globulin (prepared in
rabbits) was bound to ethanol-fixed
blastoid cells that were induced by
either antigen or PHA. However, in-
sufficient evidence was presented to
establish the specificity of binding.
Even if the binding was specific, it
was not shown that the binding was
to globulin synthesized by the cells in
vitro rather than to globulin obtained
by the cells from the plasma in the
culture fluid. Nonspecific binding is
known to occur (717), as is the adsorp-
tion of serum proteins to mammalian
cells in vitro (72, 73). In the same re-
port (70) these workers presented
some evidence to show that the blas-
toid cells induced by one antigen
bound the fluoresceinated form of that
antigen. Their conclusions were, essen-
tially, as follows: (i) y-globulin is pro-
duced by blastoid cells induced either
by PHA or by a specific antigen; and
(ii) those cells induced by a specific
antigen produce a specific antibody di-
rected against the inducing antigen.
Their interesting findings await con-
firmation.

Hirschhorn and his co-workers (48)
have reported that the blastoid cells
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incorporated radioactive amino acid
into y-globulin and that the blastoid
cells from normal persons (but not
from a patient with agammaglobulin-
emia) fluoresced when “incubated” with
fluoresceinated antiserum to human -
globulin. However, no adequate experi-
mental evidence was presented to prove
that the uptake of the fluoresceinated
antiserum to human vy-globulin was
specific or due to newly synthesized
v-globulin rather than to +-globulin
which may be present on normal
human and other mammalian leuko-
cytes and which can be washed com-
pletely from intact cells only after
several washes (74), if at all (72). A
detailed report of Hirschhorn’s impor-
tant studies, particularly a report con-
cerning the techniques used, is eagerly
awaited.

2) Homologous leukocytes. Soon aft-
er it had been established that lym-
phocytes of human peripheral blood
undergo blastogenesis, Bain, Vas, and
Lowenstein (75) recognized that blasto-
genesis occurred when the peripheral
blood leukocytes of unrelated individ-
uals were cultured together in vitro.
These workers were the first to report
adequately, and to recognize the signifi-
cance of, the occurrence in such cul-

tures of a reaction which was similar
to, though less intense than, the reac-
tion caused by PHA. The degree of
blastogenesis appeared to be related to
the degree of expected genetic compati-
bility between the leukocyte donors,
for blastogenesis was never observed
in mixed leukocyte cultures from pairs
of monozygotic twins and was some-
times absent when the donors were
closely related—for example, dizygotic
twins. Since the blastoid cells produced
in these homologous cell cultures re-
semble those induced by PHA, they
probably arise from lymphocytes. How-
ever, experiments to prove definitively
what cell type is transformed have not
yet been performed. Many of these
findings have been confirmed by others
(48, 76, 77), who showed, in addition,
that lymphocyte extracts (76) and cer-
tain cell fractions (77) retain the abil-
ity to induce blastogenesis in an un-
related individual’s peripheral blood
leukocytes. Attempts to apply the find-
ings and technique of Bain, Vas, and
Lowenstein to the clinical aspects of
human organ transplantation are in
progress (48, 78).

3) Antiserum to leukocytes. On the
assumption that PHA might be induc-
ing blastogenesis by attaching to some

Lymphocytes

structure of the leukocytes, Grasbeck,
Nordman, and de la Chapelle (79, 80)
attempted to prepare a substance likely
to make such an attachment. They
succeeded by preparing, in rabbits,
antiserums to human leukocytes. Their
antiserums, which possessed leukoag-
glutinating activity due, presumably,
to antileukocyte antibodies, induced
formation of blastoid cells. While spe-
cific studies were not performed to
determine the cell of origin of these
blastoid cells, it seems quite possible
that the lymphocyte was the cell trans-
formed, since the antiserums produced
blastoid cells and had mitogenic activ-
ity similar to that of PHA (79).

Relationship of Blastoid Cells
to Other Hematologic Cells

What relationship, if any, do the
blastoid cells induced in vitro have to
other hematologic cells and to the
known and suggested transformation
of lymphocytes? (See Fig. 1.)

The blastoid cells differ greatly in
structure from macrophages (28). The
typical phagocytosis of macrophages
(7, p. 78) does not appear to be a
function of the blastoid cells, for the

Fig. 1. Diagrammatic representation of the established transformations (solid arrows) and suggested transformations (broken arrovys)
of human lymphocytes: 1, blastogenesis known to occur in vitro; 2, development into a macrophage; 3 and 4, transformations in-
ferred from in vivo studies of lymphocytes in other mammals; 5-7, possible developmental pathways of the blastoid cells (see text).
Erythro., erythrocyte; Baso., basophil; Eos., eosinophil; Mono., monocyte; Lymph., lymphocyte.
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latter do not phagocytize cell debris
(37, 81) or bacteria (37).

At least some of the specific anti-
body of mammals, including human --
globulin, is produced in cells of the
plasma cell series (13, 15, 35, 82-84).
There is very little similarity between
the morphology of the typical blastoid
cell and that of the mature plasma
cell. While the cytoplasm of both is
markedly pyroninophilic, mature plas-
ma cells have large amounts of well-
developed endoplasmic reticulum (175,
36, 85, 86), whereas the blastoid cells
have very little (23, 37-39). The stain-
ing of mature and immature human
plasma cells with fluorescein-labeled
antiserum to human globulin usually
involves the entire cytoplasm (84). In
the report of Elves et al. (70) no de-
tailed description of the staining of the
blastoid cells is presented. In Hirsch-
horn’s studies (48) the fluorescence of
the blastoid cells was mainly ‘“ring-
like.” Neither group of investigators
has presented evidence that their stain-
ing was specific for human y-globulin.
There has been no demonstration that
soluble antibodies, capable of combining
specifically with any known antigen or
blastogenic factor, are produced in,
and released from, the blastoid cells.
Clearly, there is insuflicient evidence
at this time to warrant the conclusion
that the blastoid cells are, or can de-
velop in vitro, into plasma cells.

Similarly, there is no convincing
evidence that the blastoid cells can give
rise in vitro to any of the cells found
in normal peripheral blood (Fig. 1,
pathway 7). The blastoid cell does not
have the structure or the cytochemical
properties characteristic of the erythro-
cyte, monocycte, or granulocyte. Since
certain blast cells of normal human
bone marrow have been shown to
undergo differentiation in vitro to a
more mature cell under certain condi-
tions (87), attempts, such as that with
erythropoietin (88), to obtain further
differentiation of the blastoid cells in-
duced from peripheral-blood lympho-
cytes would be of interest (89).

The question arises, Do the blastoid
cells or their progeny revert in vitro
to small lymphocytes? Some investiga-
tors have suggested that this reversion
might occur (21, 31, 32, 43, 90), but
no detailed convincing evidence has
been presented. This question may be
resolvable, for the progeny of radio-
actively-labeled blastoid cells can be
traced by means of autoradiography.
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The PHA-induced blastoid cells have
some morphological resemblance to
normal primitive cells (for example,
reticulum cells, lymphoblasts, plasma-
blasts) (I8, 21, 33, 39, 57, 8I) and
cells sometimes present in diseases
such as acute leukemia (37) and
glandular fever (39). However, such
a morphological resemblance does not
necessarily mean that these cells have
the same origin, function, or poten-
tialities as the blastoid cells formed
in vitro.

Of more significance, however, are
the reactions in vivo in which a large
pyroninophilic cell with immature
morphology is formed in response to
factors which are blastogenic in vitro.
Thus, in the homograft and graft-
versus-host reactions in mammals a
large pyroninophilic cell develops (171,
86, 91) which apparently can be de-
rived from the small lymphocyte (71).
This cell closely resembles the blastoid
cell formed in vitro (78, 23, 37-39,
62, 75). A morphologically similar cell
is formed in lymphoid tissue stimulated
with antigens (73, 75, 82, 92). The
extent of the similarity between the
blastoid cells formed in vitro and
those formed in these immunological
responses in vivo remains to be elu-
cidated.

Mode of Action of the

Blastogenic Factors

It has been suggested that the blasto-
genic factor of PHA produces blasto-
genesis as a result of its attachment
to some structure of the lymphocyte
(25, 48, 49, 79, 80), possibly the cell’s
membrane (93) or nucleus (94). The
antiserum to human leukocytes, pre-
pared in rabbits, presumably contains
antibodies that combine with the groups
on or within the lymphocytes which
had induced formation of the anti-
bodies. It is possible that PPD induces
blastogenesis by attaching specifically
to the sensitized lymphocytes or to an
antibody attached to the lymphocytes.
The existence of antibodies attached to
cells is well documented (72), and
there is evidence that peripheral-blood
leukocytes from persons sensitized to
tuberculin-purified protein derivative
may contain “cell-fixed” antibodies to
PPD (95, 96) and may possibly ac-
cumulate PPD in vitro (97).

Some investigators have suggested
that the mode of action of PHA (48,

63, 79, 80) might differ qualitatively
from that of the specific antigens such
as tuberculin in the induction of blasto-
genesis, This contention is based es-
sentially on the fact that PHA can
induce blastogenesis rapidly in the
majority of lymphocytes of all healthy
people, whereas tuberculin induces
blastogenesis slowly (60, 62, 63, 80)
in but a small percentage (63, 66, 80)
of lymphocytes only from persons who
have previously been sensitized to tu-
berculin. However, an apparent differ-
ence in the time required for blasto-
genesis induced by two different sub-
stances does not necessarily mean that
they are acting by different mecha-
nisms; it may signify only a difference
in the intensity of the blastogenic
stimulus. The difference in the number
of cells responding to different factors
may reflect primarily a difference in
the number of the cells to which the
blastogenic factor can become attached.

If a blastogenic factor attaches to
some structure of the cells which
undergo blastogenesis, the question
arises, Is blastogenesis initiated in some
manner as the result of that attach-
ment, without further processing of the
factor by the cell, or does the attach-
ment serve as a means for making the
factor available, in an effectively high
concentration, for reactions in other
locations of the cell? If the latter is
the case, then the means by which
blastogenesis is induced by PHA, tu-
berculin, and antibody to leukocytes
may be the same, the different results
they produce being explained primarily
on the basis of differences in the extent
of their attachment to the lymphocyte
and the means by which such an at-
tachment was made possible.

No electrophoretically pure, protein-
aceous blastogenic factor has yet been
used in these in vitro studies; even tu-
berculin-purified protein derivative con-
tains several substances (95). There-
fore, the fact that some component in
such a mixture is found attached to,
or incorporated within, the lympho-
cytes which undergo blastogenesis does
not prove that component to be the
blastogenic factor. The mode of action
of some of these blastogenic factors
might involve an indirect, rather than
a direct, effect on the lymphocytes
which become blastoid. Thus, an inter-
action of a blastogenic factor with some
plasma component or with a few sensi-
tized cells might result in the forma-
tion or release of a substance which
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acts on lymphocytes, causing them to
undergo Dblastogenesis. Systems have
been reported in which specific anti-
gens may cause the in vitro release from
sensitized cells of substances which
can stimulate deoxyribonucleic acid
synthesis (98) and can transfer de-
layed hypersensitivity (99). The par-
ticipation of such substances must be
ruled out before the cells which are
to undergo blastogenesis in vitro can
validly be considered ‘“sensitized” or
“immunologically committed” cells.

The induction of blastogenesis by
PHA occurs in most of the lympho-
cytes from all the healthy humans who
have been tested. It is known, also,
that blastogenesis and mitosis occur in
the presence of PHA in cultures of
peripheral-blood leukocytes from sev-
eral species of animals (68, 700). In
view of this widespread response to
PHA, it is important to study those
cell cultures in which the lymphocytes
fail to react normally, such as cultures
of cells from patients with chronic
lymphocytic leukemia. Other possible
sources of lymphocytes showing im-
paired blastogenesis have been sug-
gested. These sources, such as fetal
blood from the human umbilical cord
and peripheral blood of patients with
agammaglobulinemia or sarcoidosis, are
from humans who have certain im-
pairments of immunological mecha-
nisms. Lymphocytes from cord blood
(30) and from the few hypogamma-
globulinemic (30) and agammaglobu-
linemic (48) patients studied formed a
normal number of blastoid cells in re-
sponse to PHA. However, there are,
as yet, insufficient data to determine
conclusively whether or not blasto-
genesis induced by PHA and specific
antigens is impaired in cultures of cells
from patients with sarcoidosis (101)
and from patients with different types
of agammaglobulinemia. .

Conclusion

Tissue culture studies show con-
vincingly that the lymphocyte of hu-
man peripheral blood can be trans-
formed into an immature-appearing,
blastoid cell capable of mitotic divi-
sion. Many “activating stimuli” are now
known to induce this phenomenon of
blastogenesis, and some insight into
their possible mechanism of action has
been obtained. The blastoid cells may
be able to develop into other blood
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cells, but there is as yet no convincing
evidence for this from the tissue cul-
ture studies. Although interesting func-
tions have been attributed to these cells,
no function other than that of mitotic
division has yet been adequately dem-
onstrated. The blastoid cells have some
morphological resemblance to many
blood cells found in healthy and in
diseased individuals, and they appear
to be very similar to cells formed in
vivo in certain immunological reactions.
It may reasonably be expected that
the study of blastogenesis under con-
trolled conditions in vitro will provide
further understanding of the cellular
and molecular basis of cell differentia-
tion, antigen-cell interaction, and other
immunological phenomena.
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