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Immune Response and Mitosis of 
Human Peripheral Blood 

Lymphocytes in vitro 

Abstract. Phytohemagglutinin causes 
cultured lymphocytes to agglutinate, 
divide, and produce y-globulin. Most 
cells are transformed into large 
lymphocytes, some resembling plasmo- 
cytes. Actinomycin D stops y-globulin 
production after 2 hours. When specific 
antigens are added to lymphocytes from 
sensitized individuals, only some cells 
undergo morphological transformation, 
produce y-globulin, and divide. When 
cells or cell extracts from an unrelated 
individual are added to a culture, a 
similar reaction occurs. 

Phytohemagglutinin, an extract of the 
kidney bean, Phaseolus vulgaris, has 
been known to be a hemagglutinating 
agent since 1949 (1). In 1959 it was 
discovered that this extract induces 
mitosis of human peripheral blood 
lymphocytes in vitro (2). In using a 
modification of the technique for 
chromosome study from lymphocytes 
(3), we noticed that mitoses seemed to 
appear within clumps of lymphocytes. 
Such clumps did not appear in the 
absence of the bean extract. The hemag- 
glutinating and mitogenic properties of 
the extract could be separated, but the 
latter could not be separated from the 
ability to agglutinate white cells (4). 
We and others (5) observed that during 
the 72 hours required for mitoses to 
appear, the vast majority of small 
lymphocytes were morphologically 
transformed to large cells, some of 
which resembled plasma cells. Since, in 
our method, 80 to 90 percent of the cells 
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transformed to large cells, some of 
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our method, 80 to 90 percent of the cells 
at the beginning of culture are small 
lymphocytes, and since there is no loss 
of cells during the culture period, it 
must be these cells which undergo 
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transformation and eventually divide. 
The mechanism of action of phyto- 

hemagglutinin is not understood. In 
view of the aforementioned findings, 
we suspected that some form of im- 
munological reaction occurs in response 
to the addition of the bean extract to 
these cells. Pearmain and Lycette, by 
adding purified protein derivative of 
tuberculin to the lymphocytes from 
individuals sensitive to tuberculin, 
demonstrated that mitoses of peripheral 
lymphocytes can result from an in 
vitro immune stimulus (6). Bain has 
reported that DNA is synthesized 
when a mixture of peripheral blood 
leukocytes from two unrelated indi- 
viduals is cultured in a tube (7). 

We have now studied the possible im- 
mune response to phytohemagglutinin 
and have compared this with the re- 
sponse to specific antigens. All lympho- 
cyte cultures were set up according to 
the method of Hastings et al. (3), with 
the following exceptions: the mitotic 
arresting agent was vincaleucoblastine 
(Velban, Eli Lilly) at a final concen- 
tration of 7.5 x 10-3 pjg/ml (stock, 
0.5 /tg/ml) for the final 2 hours of 
culture, and cultures with specific anti- 
gens were permitted to grow for 5 days; 
C'4-labeled phenylalanine was used 
in the incorporation experiments, which 
were evaluated by standard methods of 
precipitation with trichloroacetic acid 
for protein assay and paper electro- 
phoresis. 

When phytohemagglutinin was treated 
by multiple passages through red blood 
cells until no further hemagglutination 
occurred, its leukoagglutinating and 
mitogenic potency was not diminished. 
This result was independent of the 
ABO blood type of the donor. When 
phytohemagglutinin was similarly treat- 
ed with lymphocytes until no further 
leukoagglutination occurred, its mito- 
genic property was lost. 

The addition of CM-labeled phenylal- 
anine to the medium at the beginning 
of the culture period resulted in in- 
corporation of radioactivity into protein 
found in the supernatant medium 
when phytohemagglutinin was present. 
In the absence of phytohemagglutinin 
only a minimal amount (approximately 
20 percent) of such incorporation was 
found. When actinomycin D(3.2 jug/ 
ml) was added along with the bean 
extract, the amount of protein produced 
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Fig. 1. Incorporation of C'4-labeled 
phenylalanine into protein. (Solid line) 
Protein production in a culture to which 
phytohemagglutinin (PHA) was added at 
time zero. The other two lines represent 
similar cultures to which phytohemag- 
glutinin and actinomycin D were added at 
time zero. The vertical bar at 24 hours 
represents the range of total protein pro- 
duced by a culture (several experiments) to 
which no phytohemagglutinin or actino- 
mycin D was added. 

acids and the dialysate was subjected to 
paper electrophoresis, all the radio-activ- 
ity as read on a chromatogram scanner 
remained in the y-globulin region. 
Since phenylalanine represents approxi- 
mately 4 percent of human y-globulin, 
a calculation based on the radioactivity 
of the protein obtained by precipitation 
of the medium with trichloroacetic acid 
after 24 hours of culture indicates that 
in the presence of phytohemagglutinin 
approximately 1 million lymphocytes 
produced approximately 10 /tg of pro- 
tein as y-globulin. 

Incubation of the cells after the first 
24 hours of culture with fluorescein- 
conjugated rabbit anti-human y-globulin 
resulted in specific fluorescence of 
almost all the lymphocytes in culture. 
No such fluorescence. was observed in 
the absence of phytohemagglutinin. 

In two experiments with lymphocytes 
from an individual with sex-linked 
congenital agammaglobulinemia, phyto- 
hemagglutinin produced the usual 
mitotic rate in 72 hours. The usual 
morphological transformation of cells 
was observed, but y-globulin produc- 
tion, as judged by immunofluorescence, 
could not be detected. 

Utilizing lymphocytes from sensitized 
and nonsensitized individuals, we sub- 
stituted the following antigens for 
phytohemagglutinin and examined the 
cultures for mitotic rate on the 5th 
day. The antigens and amounts used 
(per 2 x 106 cells) were purified protein 
derivative (Parke Davis, 2 X 10-5 to 
1.2 x 10-1 mg), diphtheria toxoid 
(2 X 10-4 mg), pertussis vaccine (Eli 
Lilly, 5 X 10-' ml), and penicillin (200 
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to 20,000 units). In each of these cases 
several experiments were performed. 
Lymphocytes from sensitized individuals 
invariably demonstrated mitosis, while 
those from nonsensitized individuals did 
not (Table 1). Two experiments were 
of particular interest in demonstrating 
the sensitivity of this method. A 5- 
month-old child whose lymphocytes did 
not respond to purified protein deriva- 
tive was skin tested with first-strength 
derivative. The skin test was nega- 
tive, but lymphocytes obtained on the 
fourth day after the skin test showed 
a response in vitro (1.2 X 10-3 mg/ 
2 X 10 cells; mitotic rate, 1.4 per- 
cent). Cells from a patient with severe 
penicillin allergy not only responded 
to the addition of 50 units of penicillin 
per 5 X 105 cells, but in the "control" 
culture, in which the medium was made 
up as usual with 10 units of penicillin 
per milliliter (5 X 10' cells), a mini- 
mal reaction was also observed. 

Immunofluorescence studies with 
cells from sensitized individuals stimu- 
lated with purified protein derivative 
and diphtheria toxoid demonstrated 
fluorescent staining, but only 5 to 35 
percent of the cells fluoresced after 24 
hours of culture. Examination of the 
cells for the morphological transforma- 
tion as described, revealed that a simi- 
lar percentage of the cells had under- 
gone this transformation by 5 days. 

When lymphocytes from two unre- 
lated individuals were mixed in the 
same culture tube without phytohemag- 
glutinin, mitoses were observed on the 
third and fifth days of culture. If one 
individual's lymphocytes were disrupted 
by freeze-thawing or hypotonic treat- 
ment and then added to another in- 
dividual's lymphocytes, the same result 
was obtained. A similar response was 
observed when skin extract, obtained 
by freeze-thawing either a biopsy speci- 
men from one individual or the cells 
from a long-term culture of human skin 
fibroblasts, was added to the lympho- 
cytes of an unrelated individual. 

In a study (8) designed to test the 
hypothesis that there is an autoimmune 
aspect to infantile eczema, skin extract 
was prepared from children with this 
disease and from normal controls. 
When the extract from an eczematous 
child was added to his own lympho- 
cytes, a marked mitotic response was 
observed. The same response was ob- 
served when control extract was added 
to these cells. When the extract from 
a control was added to his own lympho- 
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Table 1. Results with specific antigens. 
Dose per Mitotic rate Sensitivity 

2 X 10? cells (%) of donor 

Purified protein derivative of 
2 X 10- mg 1.2 
1.2 X 10- mg 3.1 
1.2 X 10-' mg 2.0 
1.0 X 10- mg <0.1 

Diphtheria toxoid 
2.0 X 10- mg 1.2 
2.0 X 10-4mg <0.1 

Pertuzssis vaccine 
5 X 10- ml 1.5 
5 X 10- ml <0.1 

Pencillint 
200 units 0.6 
40 units 0.2 
200 to 

tuberculin 
+ 

20,000 units <0.1 

None 
<0.1 

* At least 1000 cells examined. 

cytes, no response was seen. Addition 
of either the extract from the eczema 
patient or from an unrelated normal 
person to the cells from a control indi- 
vidual produced a response, but a quan- 
titatively significantly lesser one than 
that seen in the eczema patient. 

The utilization of human peripheral 
blood lymphocytes in the study of the 
immune response in vitro has many 
potential applications. These cells are 
capable of such a response, as is ap- 
parent from our findings after the addi- 
tion of phytohemagglutinin. Our ob- 
servation that leukoagglutination and 
mitogenesis are inseparable properties 
of this substance, but unrelated to 
hemagglutination, caused us to study 
the question of whether an immune 
response was associated with the pro- 
duction of mitoses. The experiments 
outlined above demonstrate that human 
lymphocytes are indeed capable of pro- 
ducing y-globulin in vitro and that 
almost all the cells are stimulated to 
such production when phytohemag- 
glutinin is added to the culture medium. 
There is a concomitant morphological 
transformation of the vast majority of 
the cells towards a cell type usually 
associated with antibody production. 
The fact that the absence of phyto- 
hemagglutinin, as well as the addition 
of actinomycin D, a substance known 
to inhibit production of messenger 
RNA, does not stop y-globulin pro- 
duction for the first 2 hours of culture 
would seem to indicate that the 
lymphocyte contains sufficient mes- 
senger RNA in vivo to produce some 
y-globulin. Since we obtained identical 
results after 24 hours if either no phyto- 

hemagglutinin or both phytohemag- 
glutinin and actinomycin D were pres- 
ent in the medium, the conclusion may 
be drawn that phytohemagglutinin 
stimulates the production of new mes- 
senger RNA and new y-globulin. 

The results obtained with specific 
antigens indicate that an immune 
response can be obtained from these 
cells whether the antigen is of the type 
usually believed to be associated with 
delayed hypersensitivity or with the 
production of circulating antibodies. It 
is of interest that, while phytohemag- 
glutinin causes stimulation of almost all 
the cells in culture, these specific anti- 
gens stimulate only 5 to 35 percent 
of the lymphocytes. One may presume 
that only a limited number of lympho- 
cytes in vivo carry the information 
required to respond to specific antigens. 
The fact that the great majority of cells 
respond to phytohemagglutinin requires 
a different hypothesis for its action than 
that considering this substance to be a 
specific antigen. It is possible that 
phytohemagglutinin may, analogous to 
an antibody, bind to some substance 
on the surface of the lymphocyte, there- 
by causing the cells to clump and non- 
specifically stimulating the lymphocytes 
to produce whatever y-globulin they 
may be capable of producing. This same 
membrane phenomenon may also be re- 
sponsible for the induction of mitosis. 
This hypothesis is supported by the find- 
ings in the agammaglobulinemics and by 
some preliminary results in which 
lymphocytes from individuals produc- 
ing abnormal y-globulins such as macro- 
globulins and myeloma proteins were 
used. These individuals' cells, when 
stimulated with phytohemagglutinin, 
produced the abnormal y-globulin. Al- 
though the same lymphocytes appear to 
undergo transformation and produce y- 
globulin, y-globulin is not essential for 
transformation or for mitosis, as demon- 
strated in the agammaglobulinemic 
patients. It appears that y-globulin 
production is a secondary response oc- 
curring, when possible, as a conse- 
quence of some process involved in 
lymphocyte transformation. 

The response of lymphocytes to cells 
or cell extracts from unrelated indi- 
viduals would seem to indicate that the 
histocompatibility reaction observed 
as homograft rejection may be detect- 
able in vitro. Since preliminary studies 
indicate that the cells from monozygous 
twins do not react with each other, this 
method may provide a useful tool for 
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finding compatible graft donors and for 
the study of the genetics of histo- 
compatibility in man. Similarly, the 
findings in the eczema experiments pro- 
vide hope that this method may be 
useful in the study of autoimmune 
disease (9). 
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Bipolar Planarians in a 
Stock Culture 

Abstract. Four long bipolar planar- 
ians were discovered in a stock culture 
of asexual Dugesia dorotocephala. Such 
worms have not been previously re- 
ported. Eyespots, auricles, and re- 
sponses to stimuli were normal in each 
head-end, and functional pharynges 
were present. Worms in the stock cul- 
ture had not been subjected to tempera- 
ture variations, chemicals, or other 
experimentation. It is suggested that 
the axial gradient was effectively 
flattened by a normal head-inhibiting 
factor being unable to diffuse to the 
posterior end. 

Bipolar planarians have been pro- 
duced from extremely short segments 
(1, 2) and, from somewhat larger seg- 
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(3, 4). No reports have been published 
of the natural occurrence of bipolar 
heads in long, mature planarians not 
subjected to experimental conditions. 

In the summer of 1962, three long 
bipolar planarians were discovered in 
a stock culture of asexual Dugesia 
dorotocephala. The worms had been 
kept in a constant temperature lab- 
oratory for 3 years, and had not been 
exposed to chemicals or other form of 
experimentation. In the spring of 1963, 
a fourth bipolar planarian was dis- 
covered in the same group. This animal 
measured about 30 mm in length 
(Fig. 1); one head was slightly larger, 
but both heads were normal in ap- 
pearance. A functional pharynx was 
present in each end. 

Approximately 6 weeks after the 
animal was found, fission occurred. The 
fission plane was in the usual position 
behind the pharynx associated with 
the larger head. The long mid-piece, 
which remained attached to the smaller 
head, was held more or less curled over 
the back of the worm as it glided about. 
Viewed with a microscope, no injury 
of any type was apparent on either 
worm. Within a short time, the piece 
with the larger head regenerated a tail, 
and thereafter gave rise to several nor- 
mal fission products. 

Ten days after fission, the longer 
piece again became bipolar. Within a 
few days the two heads were the same 
size, each with well-developed eyespots 
and auricles. It was no longer possible 
to distinguish which was the newer re- 
generate. At all times, the two head- 
ends reacted as two individuals, whether 
ingesting food, crawling over each 
other, or starting off in separate direc- 
tions. The connecting mid-piece ap- 
peared to be under the control of 
neither head, but apparently offered 
no obstacle to movement. 

According to Child's theory, axial 
metabolic gradients constitute the basis 
of polarity, and bipolarity in short 
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polarity to occur, the slope of the 
gradient must be flattened by some 
means. Since, in this case, neither short- 
ness of segment, nor chemicals, can be 
considered, it would appear that either 
the excessive length or the somewhat 
inert mid-piece, or both, must have 
been a major factor in the differentia- 
tion of the posterior head. 

That distance may have some effect 
is shown by Flickinger's report of a 
slight increase in the tail region of the 
axial gradient of incorporation of C`4- 
labeled glycine (4). Further evidence is 
provided by Lender's demonstration 
that in planarians, the differentiation of 
another brain can be inhibited either 
by a brain present in the animal, or 
by a crude homogenate of heads added 
to water in which decapitated planar- 
ians are cultured. This inhibitory sub- 
stance is diffusible, and its effect de- 
creases with distance (5). 

It appears probable that the forma- 
tion of the second head was due to 
an effective flattening of the gradient, 
with resultant escape from anterior 
dominance, and that the means of ac- 
complishing this was the inability of 
a diffusible inhibiting substance to 
traverse the distance required. In the 
absence of such an inhibitor, a sec- 
ondary head could form in the usual 
manner (6). 
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