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It is now well established that small lym- 
phocytes from human peripheral blood have 
a potentiality for growth and differentiation 
since they can be transformed into cytologi- 
cally immature "blastoid" cells, capable of 
mitotic division, when grown in tissue culture 
with phytohemagglutinin (PHA) ( 1,2 ) . 

Despite the observations with human cells 
the possibility that a potentiality for blastoid 
transformation may be a biological character- 
istic of the mammalian small lymphocyte has 
heretofore not been studied extensively. In- 
deed the paucity of data in the published re- 
ports(3,4,5) and the conflict of opinions fail 
to provide convincing evidence that PHA can 
induce blastoid transformation in small lym- 
phocytes from mammalian species other than 
man. 

In view of the still largely unresolved ques- 
tions concerning the potentialities of mam- 
malian lymphocytes we have investigated the 
cytological and biochemical alterations elic- 
ited in rabbit and guinea pig peripheral lym- 
phocytes when grown in tissue culture with 
PHA. 

Materials and methods. 1. Tissue culture. 
Blood (30-50 cc) was obtained from rabbits 
and guinea pigs by cardiac puncture and col- 
lected inho heparinized syringes. The blood, 
from each species, was handled identically ex- 
cept for the method of erythrocyte sedimen- 
tation. The rabbit erythrocytes were sedi- 
mented with high molecular weight dextran 
(m.w. 258,0010) added in half volume quan- 
tities to the heparinized blood whereas the 
~ 
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guinea pig erythrocytes were more effectively 
sedimented by the addition of equal volumes 
of 3% gelatin. With both methods excellent 
erythrocyte sedimentation was obtained with- 
in 20-30 minutes at  37°C. 

The supernatant leukocyte-rich plasma was 
then aspirated and the cells sedimented at 8010 
rev/min for 10 minutes. The cell button was 
subsequently washed 3 times with Eagle's 
minimal essential medium (Grand Island Bio- 
logical, Grand Island, N, Y. ) ,  resuspended in 
complete medium (Eagle's MEM, supple- 
mented with 20% fetal calf or rabbit serum 
and 1% L-glutamine 2001 mM) and the total 
lymphocyte count determined. Replicate cul- 
tures each containing 3 X lo6 lymphocytes in 
4 ml complete medium were incubated in 
tightly sealed 16 )( 150 mm culture tubes at  
37°C. Replicate cultures were grown either 
with Phytohemagglutin (0.1 ml) Type M, 
Difco Labs, Detroit, Mich., or in its absence, 
and 2 or more culture tubes harvested at  fre- 
quent intervals up to 72 hours. The cells were 
fixed in a mixture of absolute methanol and 
glacial acetic acid (3:l) and then stained 
with 1 .a% acetic-orecein or Jenner-Giemsa. 
Most of the slides were examined by phase 
contrast microscopy which when combined 
with acetic-qorecein staining provided excellent 
nuclear morphology. One thousand cells on 
each slide were examined and the percent of 
typical mature lymphocytes and cytologically 
transformed cells determined. The percent of 
transformed cells a t  each interval olf culture 
was determined by averaging the differential 
counts from 2 or more replicate cultures. To- 
tal cell counts a t  each period of culture were 
not determined. 
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2. Autorudiography. DNA and RNA syn- 
thesis were studied in the tissue cultures by 
autoradiography with H3-thymidine and H3- 
cytidine, respectively. Duplicate cultures at  
each time interval were gently agitated and 
then incubated for 2 hours with either H3- 
thymidine 6.7 curies/mM or H3-cytidine 2.68 
curies/mM (New England Nuclear Corp., 
Boston, Mass.) added to the culture tubes at  
a final concentration of 1.25 pc/ml. At the 
end of the incubation the cells were washed 3 
times with normal saline and then fixed for 
10 minutes with absolute methanol and gla- 
cial acetic acid. Slides were prepared for au- 
toradiography using Kodak NTB2 Nuclear 
Track Emulsion. The slides were stored for 
14 days at  4OC and then developed in D-72 
Kodak developer and stained with Jenner- 
Giemsa. One thousand cells on each slide 
were counted and the percent of labelled 
mononuclear cells determined. 

Results. 1. Blastoid transformation of rab- 
bit peripheral lymphocytes. The lymphoid 
cells in the initial culture inoculum consisted 
of typical small lymphocytes except for 0.5- 
2.470 of cells which in addition to larger size 
possessed a paler-staining and more delicate 
appearing nuclear chromatin. 

When the lymphocytes were grown with 
PHA they were rapidly transformed into cyto- 
logically immature (blastoid) cells. The ear- 
liest cytological transformations were ob- 
served in small lymphoid aggregates. Indeed, 
throughout the entire culture period blast cell 
transformation was most prominent in lymph- 
oid aggregates which tended to increase in 
size with proloagation of culture. 

The blastoid cells, even at  18 hours, were 
readily distinguished from typical small lym- 
phocytes by their prominent nucleoli and deli- 
cately reticulated pale-staining nuclear chro- 
matin. Nuclear alterations were the principle 
criteria used to determine transformation 
since these changes were present in small 
cells, early in the culture, before an increase 
in overall size was evident. At 72 hours the 
cultures were heavily populated with blastoid 
cells in which vigorous mitotic activity was 
now evident (Fig. 1). The blastoid cells at  72 
hours were 20-50 p in diameter and possessed 
abundant cytoplasm which stained intensely 

FIG. 1 .  Blastoid cells and mitoses in rabbit periph- 
eral lymphocytes cultured for 72 hours with phyto- 
hemagglu tinin. 

with methyl green pyronin. The blastoid cells 
tended to localize in dense aggregates; how- 
ever, numerous single cells with blastoid fea- 
tures were also present. The dense aggrega- 
tion made accurate quantitation of the blas- 
toid response difficult and it was only by 
counting numerous cells in each of replicate 
cultures that the degree of transformation 
could be enumerated. Many smaller cells 
with cytologically immature nuclei were also 
evident in the 72-hour cultures. They were 
the result presumably of mitotic division of 
the larger blastoid cells. 

Quantitation of the blastoid response at fre- 
quent intervals throughout the 72 hours of 
culture disclosed significant blastoid transfor- 
mation within the first 24 hours. Thus even 
as early as 18 hours about 201% of the cells 
were blastoid whereas less than 3% of the 
cells were so classified at the start of culture. 
The blastogenic response thenceforth pro- 
ceeded rapidly and by 36 hours, 55% od the 
cells were cytologically immature (Fig. 2). 
After the second day of culture the percent 
of blastoid cells did not increase markedly; 
however, there was now a luxuriant growth 
in the cultures and when they were termi- 
nated at  72  hours, 75% of the cells were blas- 
toid and mitotic figures were numerous. In 
contrast the cells grown without PHA re- 
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FIG. 2. Effect of phytohemagglutinin (PHA) on rabbit peripheral lymphocytes. The data in 

Fig. 2 and 3 are means of 2 or more replicate cultures from each of 10 rabbits. 
FIG. 3 .  Effect of phytohemagglutinin on “bIasmt” ceI1 production and DNA synthesis in rabbit 

peripheral lymph,ocytes. Cultures were incubated for 2 hr with H3-thymidine specific activity 6.7 
curies/mM at  a final concentration of 1.25 pc/ml. Autoradiographs were exposed for 14 days 
with Kodak NTB2 Nuclear Track emulsion. 

mained as a relatively stable population of 
small lymphocytes ; however, even in these 
cultures a 10% spontaneous blastoid trans- 
formation was observed at  72 hours. 

2. RNA and DNA synthesis in rabbit pe- 
ripheral lymphocytes. Au toradiography with 
H3-thymidine and H3-cytidine disclosed that 
RNA synthesis preceded DNA synthesis by 
almost 24 hours in rabbit peripheral lympho- 
cytes grown with PHA. Within the first few 
hours of culture 86-96% of the cells were 
labelled with H3-cytidine whereas only 0.1- 
2.5% of cells were labelled with H3-thymi- 
dine. 

The kinetics of DNA synthesis in the PHA- 
stimulated cultures was studied to determine 
whether PHA induced a cytological transfor- 
mation in the small lymphocytes prior to the 
onset of mitotic division. This was done in 
an attempt to identify the precursors of the 
blastoid cells since active replication of the 
few immature cells always present in the cul- 
ture or of a small group of cells particularly 
stimulated by PHA might conceivably give 
rise to the entire blastoid population. 

Fig. 3 compares the blastogenic response to 
PHA with the percent of cells labelled with 
H3-thymidine at  intervals up to 72 hours. 
Since small lymphocytes do not incorporate 
the label, it is possible to determine from the 
curves the percent of blastoid cells in DNA 

synthesis at  each time interval. Thus, signifi- 
cant blastogenesis (38%) occurs within the 
first 24 hours of culture; however, a t  this 
time only 2 %  of cells were undergoing DNA 
synthesis. The lag in DNA synthesis was 
even more obvious at  36 hours when olnly 8% 
of the 5 5 %  blastoid cells were labelled with 
H3-thymidine. By the third day of culture, 
when 75% of the cells were blastoid, there 
was a definite increase in DNA synthesis and 
now about 35% of the cells were labelled 
after a 2-hour incubatioin with H3-thymidine. 
These data suggest that PHA-induced blasto- 
genesis occurs in a population of small lym- 
phocytes which are transformed into large 
cells prior to the advent of mitotic division. 
Active RNA synthesis proceeded throughout 
the entire culture period and at 72 hours be- 
tween 92 and 98% of the cells were labelled 
with H3-cytidine. 

3. Extended cultures of rabbit lymphocytes. 
Cultures of peripheral lymphocytes with PHA 
were maintained for as long as 10 days in an 
effort to determine whether the blastoid cells 
were capable of further cytological diff erenti- 
ation. In some cultures there was a relative 
increase in the percent of small lymphocytes; 
however, this may have been due to a de- 
crease in the population of large cells, rather 
than to a transformation of large cells into 
small lymphocytes. PIasma cells were not ob- 
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served in any cultures even when maintained 
for 10 days. Cultures a t  5, 8 and 10 days 
were incubated for 16 hours with H3-thymi- 
dine ( 1.25 pc/ml) and autoradiographs pre- 
pared. Since H3-thymidine is incorporated 
only into blastoid cells the appearance of la- 
belled small lymphocytes might suggest their 
origin from the blastoid cells. Autoradiogra- 
phy subsequently showed that many smaller 
cells had incorporated H3-thymidine. How- 
ever, the intensity of nuclear labelling pre- 
cluded the possibility of accurately assessing 
the cytological features of these cells. 

4. Blastoid transformation of guinea pig 
peripheral lymphocytes. Guinea pig small 
lymphocytes also showed a profound blasto- 
genic response when grown with phytohemag- 
glutinin. Cytologically the transformed guinea 
pig cells were similar to those obtained in the 
rabbit. Using nuclear characteristics as well 
as size to judge immaturity, 0.8-2.570 of cells 
were considered immature at  the start of cul- 
ture, whereas at  72 hours a profound alter- 
ation in population had occurred and 74 to 
92% of cells were blastoid in appearance. 

The blastoid response was observed in cul- 
tures of guinea pig cells taken at  frequent in- 
tervals after the start of culture. A modest 
blastogenic response was evident in cultures 
examined as early as 6 hours a t  which time 
about 4% of cells were transformed. The 
early transformation was localized exclusively 
in small lymphoid aggregates, At the end of 
24 hours about 20% of the cells were blastoid 
and by 48 hours transformation was striking 
with almost 70% of the cells blastoid in ap- 
pearance. RNA and DNA synthesis were ac- 
tive in the blastoid cells a t  72 hours as deter- 
mined by autoradiography with H3-cytidine 
and H3-thymidine. 

Discussion. Our studies indicate that rabbit 
and guinea pig peripheral lymphocytes can 
transform into blastoid cells capable of RNA 
and DNA synthesis and mitotic division when 
grown in tissue culture with phytohemagglu- 
tinin. This cytological transformation occurs 
in a population consisting almost entirely of 
small lymphocytes and precedes active DNA 
synthesis by 36 hours. The cellular transfor- 
mation is similar, both cytologically and mor- 
phologically, to that obtained in cultures of 

human peripheral lymphocytes and lends sup- 
port to the concept that the small mammalian 
lymphocyte has a potentiality for growth and 
differentiation. 

The excellent blastogenic response de- 
scribed in this report is different from that 
obtained previously by Marshall and Roberts 
(4) who failed to stimulate the peripheral leu- 
kocytes of guinea pigs, rabbits, mice and rats 
with PHA. However, methodological factors 
might have been responsible for the discrep- 
ant findings. We have always added L-gluta- 
mine to our media since the addition of this 
growth factor has been used efficaciously by 
us in cultures of human peripheral blood. No 
mention of L-glutamine was made by Mar- 
shall and Roberts who failed to obtain ade- 
quate growths with PHA nor by a number of 
authors who were able to induce a blastoid re- 
sponse and mitoses with PHA in guinea pig, 
rabbit, rat and mouse(3,5,6). The most suc- 
cessful rate of transformation of up to 90% 
of rabbit lymphocytes was apparently vb- 
tained without glutamhe( 7 ) .  

Limited blastoid transformation was noted 
in our cultures when lymphocytes were 
grown without PHA for 3 days. We have pre- 
viously shown that as lymphocyte cultures 
are maintained without PHA there is a pro- 
gressive increase in the percentage of blastoid 
cells and ultimately these cells undergo DNA 
synthesis (8). The basis for spontaneous trans- 
formation is not understood; however, there 
are no obvious cytological differences be- 
tween the spontaneous blastoid cells and those 
produced with PHA. Blastoid transforma- 
tion in the absence of phytohemagglutinin 
has also been noted in cultures of human pe- 
ripheral blood( 9) ; however, in this situation 
it is possible that the lymphocytes were re- 
sponding to antigens in the fetal calf sera 
employed in the culture media. 

The occurrence of blastoid transformation, 
in the absence of PHA, suggests that the small 
mammalian lymphocyte is inherently capable 
of differentiation and that this potential is 
exquisitely stimulated by phytohemaggluti- 
nin. 

Summary. Rabbit and guinea pig periph- 
eral lymphocytes were grown in suspension 
culture with minimum essential medium sup- 
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plemented with fetal calf or rabbit serum and 
1% L-glutamine, 200 mM. The addition of 
phytohemagglutinin transformed the lympho- 
cytes into cytologically immature blastoid 
cells capable of RNA and DNA synthesis and 
mitotic division. The response began within 
the first 24 hours of culture and by 72 holurs 
about 75% of the surviving cells were trans- 
formed into blastoid cells. Autoradiography 
with H3-thymidine disclosed that phytohe- 
magglutinin induced blastogenesis occurs in a 
population of small lymphocytes which are 
transformed into large cells prior to the ad- 
vent of mitotic division. 
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Several studies using rabbits( 1-5) and rats 
(6) ,  have demonstrated the transient appear- 
ance of only small amounts of gamma M 
antibody follomwing secondary antigenic stimu- 
lation. The characteristic features of the typi- 
cal secondary response {i.e., a higher titer of 
antibody in a shorter period) were not ful- 
filled with respect to gamma M synthesis, in 
that titers of macrogl'obulin appeared at  lev- 
els only equal to or lower than those demon- 
strated initially. In  one instance in rabbits 
(3),  a single small dose of polio virus stimu- 
lated only gamma M synthesis. Reinjection 
of such rabbits a t  a critical time not exceed- 
ing 3 days after cessation of gamma M syn- 
thesis, resulted in a typical secondary re- 
sponse with the prompt appearance of gam- 
ma M globulin in higher titers than had been 
seen initially. This communication reports 
that gamma M synthesis in the inbred Balb 
mouse following 2 injections of a purified pro- 
tein antigen has the characteristics of a typi- 
cal secondary response. 

*Supported by USPHS Grants E 1524 and A I 
44-08. 

Materials and methods. 4-8-week-old male, 
inbred mice, Balb strain, were injected intra- 
peritoneally with 1.0 mg antigen, human 
gamma globulin (HGG), lot #7286, Calif. 
Biochem. Corp., further purified by DEAE 
cellulose chromatography. The secondary re- 
sponse was induced in the same manner 36 
days after the initial exposure. Using high 
titer rabbit antihuman plasma, only a single 
band of precipitate was demonstrated on re- 
action with the purified antigen at  a concen- 
tration of 5 mg/ml in the Ouchterlony gel 
diffusion test and by immunoelectrophoresis. 

Mice were anesthetized with ether and bled 
by severing the axillary vessels. Equal vol- 
umes of blood were pooled from 3 or 4 mice 
and the serum separated and kept frozen until 
antibody titers were determined by the pas- 
sive tanned cell hemagglutination technique. 
The red cells were sensitized with 1:201,000 
w/v tannic acid in 0.15 M NaCl. After wash- 
ing and centrifugation the suspension of 
2.570 v/v tanned cells was exposed to 250 
g / m l  of antigen per ml red cell suspension 
for 15 minutes at room temperature. After 
centrifugation, the cells were washed and a 


