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A B S T R A C T The ability of cultured lymphoblasts to
stimulate autologous lymphocyte transformation in "one-
way" mixed leukocyte culture has been studied. Intact,
cultured lymphoblasts required physical contact with
responding lymphocytes to induce transformiiation. In
quantitative terms, lymphocytes incorporate as much thy-
midine when,mixed with irradiated cultured lymphoblasts
as they (lo in response to l)hytolhenma-glutin1in. The
stimulation of lymphocyte transformation by allogeneic
cultured lymphoblasts did not parallel the stimulation of
lymphocyte transformation by leukocytes from the donor
of the lymphoblast culture. The stimulatory determinants
on the cultured lymphoblast are unaffected by neuramini-
(lase but destroyed by trypsin. The trvpsin-treated cul-
tured lymphoblasts regain their capacity to stimulate
atutologous lymphocyte transformation witlhin 48 hr in
culture. Cultured lymphoblasts l)ossess concanavalin A
binding sites. Concanavalin A inhibits the capacity of
cultured lymphoblasts to stimulate autologous lympho-
cyte transformation. The relevance of these findings to
EB virus infection of culture(d lymplhoblasts and to imil-
mune surveillance is discusse(l.

INTRODUCTION
Continuous cultures of lymphoblastic cells miiay be de-
rived from patielnts with leukemia and lymviplhomiia (1),
infectious nmononucleosis (2), and from healthy volun-
teers (3). Allogeneic cultured lymphoblasts stimulate
lymphocvte transformation in mixed culture more than do
allogeneic leukocytes (4). Several investigators have
found that cuiltured lvnmphoblasts fronm healthsx subjects
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stimulate autologous lymiplhocyte transformationi in mixed
leukocyte culture (5-9). The explanation for this stimu-
lation of autologous lyimplhocyte transformation is not
known. The present studv explored the conditions neces-
sarv for the stimulation of lymphocyte transformation by
autologous cultured lymphoblasts. Further, it was dem-
onstrated that the capacity of cultured lvmphoblasts to
stimulate allogeneic lymphocyte transformnation was not
attributable solely to the determlinants on lymphocytes
that generate the mixed leukocyte reaction. The determi-
nants on cultured lymphoblasts that stimulate autolo-
gous lymphocyte transformation were characterized with
regard to their susceptibility to enzymatic destruction.
A relationship of these determinailts to the concanavalin
A binding sites on lvmphoblasts was (lemiionstrate(l.

METHODS
Heparini used in these studies was obtained from Organioni,
Inc., West Orange, N. J. The tissue culture medium used
in these studies was RPMI 1640 conitaining penicillin 100
U/ml and streptomycin 50 Ag/ml. The medium and fetal
calf serum was purchasedl from Associated Biomedic Sys-
tems, Inc., Buffalo, N. Y. Phytohemagglutinin MR-69 was
purchased from the Wellcome Research Labs, Kent, Eng-
land. Phytohemagglutinin-M was purchased from Difco
Labs, Detroit, Mich. Twice-crystalized bovine pancreatic
trypsin, soybeani trypsini inhibitor, anld crystalline chymo-
trypsin were purchased from Sigma Chemical Co., St. Louis.
Mo. Vibrio cholera neuraminidase wxas obtained from Beh-
ring Diagnostics, Inc., Woodbury, N. Y. Concanavalin A
was a product of Calbiochem, Los Angeles, Calif. Mono-
valent concanavalin A was prepared by the method of Burger
(personal communication): 10 mg of concanavalin A were
mixed with 1 mg of crystalline trypsin or chymotrypsin in
1 ml of 0.2 M phosphate buffer pH 7.0 aned incubated for-
5 hr at 370 C. The enzymatic reaction was stopped by the
addition of 1 mg of soybean trypsin inihibitor. Plastic tissue
culture flasks were obtained from Falcon Plastics, Oxnard,
Calif., and the glass test tubes f rom Bellco Glass, Inc.,
Vineland, N. J. Tritiated thymidine (specific activity 6.7
Ci/mM), and toluene-liquiflor scintillant were purchased
from the New Englanid Nuiclear Corp., Boston, Mass. NCS
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solubilizer was purchased f rom the Nuclear Chicago Co.,
Arlington Heights, Ill.

Continuous human. ly mtphoblast cutltures. Continuous cul-
tures of human lymphoblasts were established using methods
of Broder, Glade, and Hirschhorn (10). 30-50 ml of hepa-
rinized blood (10 U/ml) was sedimented in the syringe at
37°C for 2-3 hr. TI.e white cell-rich plasma was expressed
and leukocytes collected by centrifugatioii (150 g for 3(0
miii). The leukocytes w,ere susl)ended at a conicentrationi of
1-3 X 106 cells/ml in culture medium and 20% fetal bovine
serum to which L-gllitamiine 2 gumoles/ml were added. 10 ml
of this preparation was place(l into 25 ml culture flasks
with 0.25 gg of phytohemagglutinin MR-69. The flasks
were tightly capped and inicubhated horizontally at 370 C.
Twice weekly 5 ml of the culture me(liuim was removed and
fresh medium (without phytolemagglutinin') added. After
30-90 days cell lines were established as maniifested by the
media becoming acidic and by the presence of clusters of
lymphoblasts. 5 ml of media and lymphoblasts from estab-
lished cultures could then be transferred to 125-ml flasks.
The lymphoblast concenitration ranged from 1 to 5 X 10'/
ml. Lymphoblasts were collected by centrifugation (150 g
for 10 min) and normally resuspended at a concentrationi
of 2 X 106/ml in culture medium. Cell viability was mea-
sured by the exclusion of trypan blue as (lescribe(l by Boyse,
Old, and Chouroulinkov (11).

Thlwnidine incorporation by huminan blood lytmphocytes.
Stimulationi of thymidine incorporation into lymphocyte
D)NA by phytohemagglutiniin or by autologous or allogeneic
lymphoid cells was measured. Peripheral blood leukocytes
were obtained as described above. The concenitration of
lymphocytes in the white cell-rich plasma was adjusted
to 2 X 106/ml. Lymphocyte transformation stimulated by
phytohemagglutinin was measured by mixing 0.4 ml of the
leukocyte preparation with 1.6 ml culture medium containing
0.025 ml of the stock phytohemagglutinin-M (5 ml of sterile
water added to vial) solution in 13 x 100 mmsterile glass
tubes covered with plastic closures. Cultures were incubated
66 hr at 37°C in a 5% C02/95%o air atmosphere. 2i g.Ci of
thymidine-3H in 0.025 ml was added and the incubation
continued for 6 hr. The culture tubes were then filled with
0.15 M sodium chloride and the cells were collected by
centrifugation. The supernatant was discarded and a drop
of human serum added to each tube as carrier protein. 5%o
trichloroacetic acid was added and the resulting precipitate
collected by centrifugation and washed once with trichloro-
acetic acid. The precipitate was dissolved in 1 ml of NCS
solubilizer. 0.6 ml of solubilizer was added to 10 ml of
toluene-liquiflor scintillant and counted in a Beckman liquid
scintillation counter.

Lymphocyte thymidine incorporation stimulated by irradi-
ated autologous or allogeneic lymphoid cells was measured
as follows: stimulator cells were isolated by centrifugation
anid resuspended in culture medium at a concentration of
2 X 10" lymphoid cells/ml. Stimulating leukocytes were irra-
diated with 3000 rads while stimulating cultured lympho-
blasts were irradiated Nxith 4500 rads f rom a cesium 137
source (Gammator M, Radiation Machinery Corp., Parsip-
pany, N. J.). Peripheral blood lymphocytes in autologous
plasma at a concentration of 2 x 106 lymphocytes/ml served
as responder cells. Mixed leukocyte cuiltuires consisted of
1.2 ml of culture medium to which were added 0.4 ml of
responder cells and 0.4 ml of stimulator cells. The cultures
were incubated in sterile glass tubes at 37°C for 114 hr in a
5% C02/95% air atmosphere before the additioni of 2.5
msCi of thymidine-3H. The cultures were processed as de-

TABLE I

Effect of GammaIrradiation on Thymidine Incorporation by
Cultured Lymphoblasts and Blood Lymphocytes Mixed

with Autologous Cultured Lymphoblasts*

Responder
cell

Stimulator Irradiation Thymidine
cell: dose incorporation

rads cPm X 10-3

Cultured
Ilymphoblasts

Aultologolls
lymphocytes

Autologous
lymphocytes

Cultured

0
1500
3000
450(0

Aultologous
leukocytes

()

Cuiltured ()
lymphoblasts 1500

3000
4500

Autologouis
lymphoblasts leuikocytes

()
15(0
300()
450(0

136.5
66.7
21.1

0.9

0.8

99.5
23.1

0.6
0.5

116.7
52.4
22.9

1.1

* 2-ml mixtures of cultured lymphoblasts atlonie or mixttures of
cuiltured lymphoblasts and autologous lymphocytes were
incubated as described in methods. Responder cells were
irradiated with the dose indicated. Results expressed as
average of duplicate cultures in counts per minute per cultuire
thymidine-3H incorporated.
$ Lymphocytes and cuilttured lymphoblasts irradiated with
4500 rads.

scribe(d ab)ove. All ctulturies wxere set up in duiplicate or
triplicate.

RESULTS

Response of cultured lymiphoblasts anid lymlphocytes
mixed withi cultutred lymphoblasts to gammna irradiation.
To establish a "one-way" mixed leukocyte reaction, one
population of lymphoid cells was irradiated prior to
mixed culture. Lymphoblasts grown in continuous cul-
ture have a rapid rate of division and incorporate a
large amount of thymidine (Table I). It was necessar)
to irradiate such cells with 4500 rads to completely in-
hibit their spontaneous incorporation of thymidine. Ir-
radiated cultured lymphoblasts markedly stimulated thy-
midine incorporation by autologous lymphocytes in mixed
culture. Thymidine incorporation by lymphocytes in
mixed culture was comparedl with the thymidine in-
corporated by responder lymphocytes mnixed with irradi-
ated autologous leukocytes. Blood lymphocytes and cul-
tured lymphoblasts differ in their sensitivity to gammla
irradiation when measured by thymidine incorporation
in mixed culture. Thus, thymidine incorl)oration by blood
lymphocytes when mixed with irradiated cultuire(d lvmplio-
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FIGURE 1 Thymidine incorporation by lymphocytes mixed
with autologous cultured lymphoblasts, allogeneic lympho-
cytes, or phytohemagglutinin during 6 days of incubation.
Results are the average of three experiments performed
and expressed as counts per min per culture thymidine-3H
incorporated. Lymphocytes from subject M. W. were mixed
with phytohemagglutinin, with autologous irradiated lympho-
blasts (MW-MW.), or with irradiated allogeneic lympho-
cytes from subject G. B. (MW-GB.). A.ax indicates maxi-
mal slope itl each of the thre( exl)erimental conditions.

blasts was completely inihibited by 3000 rads wlhile a dose
of 4500 rads was necessary to completely inhibit thymidine
incorporation by cultured lymphoblasts under identical
circumstances. In each experiment described, mixture
of irradiated lymphocytes with irradiated lymphoblasts
showed that the proliferative capacity of each cell popu-
lation had been completely inhibited by the irradiation
dose employed.

Stimulation of thymidine incorporation into lympho-
cyte DNA by autologous cultured lymphoblasts and by
phytohemagglutinin. The response of lymphocytes from
six healthy volunteers to autologous cultured lympho-
blasts, autologous blood leukocytes, and phytohemag-
glutinin was studied. Each of the six irradiated cultured
lymphoblasts lines, established in culture for 1-6 months
stimulated thymidine incorporation by autologous lym-
phocytes. Individual lymphoblastic lines were tested two

to eight times and with rare and random exceptions were

found to markedly stimulate autologous lymphocyte

transformation. Results from two representative experi-
ments are given in Table II. The maximal rate of thymi-
dine incorporation stimulated by autologous lympho-
blasts (measured at 5 days) is compared with that found
when responder lymphocytes are mixed with phytohemag-
glutinin (measured at 3 days). The stimulation of thy-
midine incorporation into lymphocyte DNAby autologous
cultured lymphoblasts is greater than that observed in the
mixed (allogeneic) leukocyte reaction (Table III).
During the course of our studies the amiiount of thymi-
(line incorporated by lvnmphocytes in response to ctulture(d
atutologous lymphoblasts ranlge(d frolml 71 to 165% of the
thymidine incorporated by the same lymphocyte p)repara-
tion in the presence of phytohemagglutinin.

Kinetics of thymidine incorporation into lymphocyte
DNAstimulated by phytohemagglutinin, autologous cul-
tured lymphoblasts, and allogeneic leukocytes. Lympho-
cytes were cultured with autologous irradiated lympho-
blasts, allogeneic leukocytes, or phytohemagglutinin for
24-128 hr before pulse labeling with tritiated thymidine
(Fig. 1). Maximal thymidine incorporation by blood
lymphocytes stimulated by phytohemagglutinin occurs
after 72-96 hr in culture. Maximal thymidine incorpora-
tion into lymphocyte DNAstimulated by either allogeneic
leukocytes or cultured lvmphohlasts is found after 104

TABLE I I
Stimulation of Lymphocyte Thymidine Incorporation bhr

A utologous Cultured Lymphoblasts, Autologous
Leukocytes, or Phytohemagglutinin*

Thymidine incorporation stimulated by:

Responder
cell

(lonor

L. B.
1L. B.

C. B.
C. B.

H. G.
H. G.

R. R.
R. R.

J. U.
J. I.
M. XV.
M. Xv.

Autologous
b)loodl

leukocytes

0.6
0.9

0.6
0.4

0.8
0.7
0.3
0.4

0.9
0.9
0.4
0.8

Autologous
lymphoblasts

cpm X 10-3
101.3

63.7

54.7
32.9

156.2
96.3
74.4
89.3

82.3
109.8

141.3
96.7

Plhyto-
liemagglutinii

88.3
81.6

62.2
46.2

186.4
88.3
76.8
98.2

96.2

101.6
63.9

* Leukocytes from each subject were mixed with autologous
leukocytes, autologous cultured lymphoblasts, or phyto-
hemagglutinin. Results from two representative experiments
with each cell donor shown.
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hr. The increase in the rate of thymidine incorporation
during the incubation of lymphocytes with autologous
lymphoblasts parallels that seen with phytohemagglutinin
and differs from that seen in a one-way mixed leukocyte
reaction. Whether this difference in stimulating capacity
of allogeneic leukocytes and autologous lymphoblasts is
due to the activation of different populations of lympho-
cytes or to stimullation of a different rate of cell division
is not clear.

Lymnphocyte stiunulation by allogcteic leukocytes and
cultured lymphoblasts. Lymphocyte transformation stim-
ulated by optimal concentrations (9) of cultured lympho-
blasts and of allogeneic leukocytes was coxnpared. The
results of four representative experiments are shown in
Table III. The stimulation of lymphocyte transforma-
tion is measured relative to the "background" amount
of thymidine incorporated by lymphocytes xnixed with
irradiated autologous leukocytes. Allogeneic leukocytes
stimulate a 10-93-fold increase in thymidine incorporated,
into lymphocyte DNA. Allogeneic lymphoblasts stimu-
lated a 40-270-fold increase in thymidine incorporation.
Allogeneic cultured lymphoblasts always stimulated more
thymidine incorporation than did allogeneic leukocytes.
No relationship was observed between the degree of stim-
ulation of thymidine incorporation bv allogeneic leuko-
cytes and by cultured lymphoblasts from the same donor.
Thus, the cell donor whose leukocytes most stimulated
lymphocyte transformation was not necessarily the donor

TABLE II I
Stimulation of Lymphocyte Thymidine Incorporation hY

A utologous and Allogeneic Leukocytes and
Cultured Lymphoblasts*

Thymidine incorporation stimulated by:

Cultured
Leukocytes lymphoblasts

Responder Stimulator
cell cell Autol- Allo- Autol- Allo-

donor donor ogous geneic ogous geneic

cpm X 10-3 cpm X 10-'
G. B. - 132.1 -

G. B. M. W. -- 77.0 - 187.'

L. B. - 0.6 - 45.6
L. B. M. W. 6.2 29.)
L. B. G. B. 14.5 29.0
L. B. J. U. - 12.4 41.7

J. U. - 0.6 - 41.2
J. U. M. W. -- 8.6 3o.5
J. U. G. B. 16.4 24.3
J. U. L. B. 1 1.') -- 6(1.2

M. W. - 0.6 139.5 --
M. W. G. B. 16.3 -- 10 5.3
M.W. J. U. - 56.1 - 166.6

* Mixed leukocyte culture was established as described in methods. Re-
sults expressed as average of triplicate cultures in counts per minute per
culture thymidine-'H incorporated.

,(Al l IB)
397

-5,279

-433

5 278

(C)

255

231A487 6,380

~~~~~ ~VUL ..

FIGURE 2 Lymphocyte transformation by cells separated
from cultured lymphoblasts. 10-ml cultures containing 8 X
0l irradiated lymphocytes (LC.), 8 X 106 irradiated cul-
tured lymphoblasts (CLBX), or a mixture of 4 X 10W irra-
diated cultured lymphoblasts and 4 X 106 autologous lym-
phocytes (LC) were incubated 5 days at 37°C on a rotary
shaker. In experiments A, B, and C a dialysis sac containing,
4 X 10' lymphocytes in 1 ml of complete medium was sus-
pended in the 10-ml cultures. The Visking dialysis tubing
was boiled in 0.001 M EDTA pH 7.2 and washed with
medium before the addition of the cells. At the end of 5
days dialysis bags were opened and contained cells were
placed in culture tubes. Tritiated thymidine was added to
all cultures at a concentration of 1 ,uCi/ml. 4 hr later, the
trichloroacetic acid precipitable radioactivity was measured.
In experiment D, 5 ml of suipernatant from a 5 day mixed
culture was added to 5 ml of fresh medium containing 8 X
10' lymphocytes and cultured 5 days. The results expressed
are the average of three independent experiments given as
counts per minuite in each cuiltuire vessel.

of the lymphoblast culture wvhich was the mllost l)otenlt
stimulator of lymphocyte transformation. Autologous cul-
tured lymphoblasts stimulated more lymphocyte trans-
formation than did allogeneic lymphoblasts in six out of
nine comparisons. There is, however, no statistically sig-
nificant difference in the stimulatory capacity of allogeneic
and autologous culture lymphoblasts.

Importance of physical contact between stimulator and
responder ceUs in mixed cell culture. Lymphocytes
suspended within a dialysis sac in a culture vessel con-
taining either autologous cultured lymphoblasts or a
mixture of cultured lymphoblasts and autologous leuko-
cytes are not stimulated to transform. Results from the
three experiments performed are shown in Fig. 2. Lym-
phocytes separated by a semipermeable membrane from
lymphoblasts or a mixture of lymphoblasts and leukocytes
incorporated no more thymidine than they do in the
presence of autologous leukocytes. Thus, lymphocyte
transformation does not occur without physical contact
with lymphoblasts. Several investigators (12, 13) have
found that lymphocyte transformation does not occur
in the mixed leukocyte reaction if the two lymphocyte
population are separated by a semipermeable membrane.

Lymphocyte Transformation by Autologous Cells
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1 'ABLE IV
'I 'ym idintte I-(orpora/ion bl Lymphocytes S/iumi dutad bY It/act

and Disrupted A utologous Lymphoblasts*

Thymidine
incorporated

l;xp. 1 Exp. 2

Cpmrl X 10 3

nact aiitologotis leukocytes 0.4 (.6
Iiitact atitologotis lymphoblaists 141.3 101.3
I )isrtpted auttologotis lymphohlasts:l

l, nfractiona<lted 12.1 8.6
Siuperniate fraction 5.1 4.1
1'recipitaite fractioni 5.8 3.1

* 2-mill IllixtLires of cu-lttired lymphoblasts and autitologotis
lymiphocytes were inctibated uinder conditionis described in
nethods.

t 8 X 105 washed, irradiated, cilttired lymphoblasts per ml
imediuLii RPMI 1640 were frozeni (dry ice anid acetone) and
thawed foLur timiies. A portion of the disrtipted lymphoblast
preparation was cenitriftiged at 800 g for 15 mimi. The pre-
cipitate was restuspended ini the originial voltiumie of imiedium
RPMI 1640. 1 ml of the disrtipted lymphoblast lprel)aratioil
or of the suiperinatant or of the precipitate was imiixed with 1
il of RPMII 1640 cointaininig 8 X 105 aLitologotis letikocytes

and 40%/_ aLutologous plasimia. The fihual plasma coincenitration
NNas 20(% ini all experimenits.

No mitogenic factol capable of p)assing througlh a

semipermeable membrane (nmol xvt less than 10,000) was
lemonstrated. The presence of diffusible mitogens too

large to pass through a dialysis membrane was tested by
adding supernatant imiediuinm from 5-day niixed cell ctul-
ttures to fresh leukocvtes. These stlierlnatants \vere iCot
found to stimltilate lymphocyte tranisfornmationi. It remains
possible that mitogenic factors are produced whNllich are

effective only over very short distances.
Stimulation of thyn7iidinc inicorporation7 in1to lynplio-

(yvtc DN,VA by intact and disrtpted cultured lympho-
blasts. The capacity of disrupted cultured lymphoblasts
to stimulate autologous lymphocyte transformation was
tested. The results of two experiments representative of
the five performed are shown in Table ITN. Lympho-
blasts were disrupted by repeated freezing, and thawing.
Microscopic inspection of the preparationi slhowed that
nlo intact cells remained after this treatment. MXlore thanl
90% of the stimulationi of thymidinie incorporation into
lymphocyte DNA by autologouis cultured lvmiphoblasts
was lost following this treatment. The disrupted lympho-
blasts were centrifuged at 800 g for 15 min. The super-
natant fractions and resuspended precipitant fraction
were mlixed with autologous leukocytes. Less than 10%
of the stimulatory activity of intact lymphoblasts was
(lemonstrated in either supernatant or precipitant frac-
tions of the disrupted lyvmphoblasts. These results demoii-

strate the importance of the p)hysical integrity of lymhl)ho-
blasts to the stimulation of lymphocyte transformation
but do not distinguish between disruption of a cell-
surface site or the capacity of intact cells to synthesize a
stimulator.

Effect of trypsin and neuramninidase on. the stimldatory
deterininants oni cultured lymtphoblasts. The effect of
trvl)sin and neuramin idase oil the stimulatory deterrni-
nants of cultuired lympboblasts was inivestigatedl. Inictu-
baitioln of lymiphoblasts witb 100 ug/"iml of trypsin for 30

uinl att 370 C redluced their capacity to stimulate thbvmi-
(line incorl)oration by autologous lyniphocytes by 90C

(Table V ). Incubation of leukocytes witb trypsill did niot
endow thlemii witlh a capacity to stinmulate autologouis lym-
pihocyte transformation. The effect of trypsin on the lvm-
plhoblast stimulatory determinlants could be inhibited by
soybean trvpsin inhibitor suggesting that the activity of
the trypsin1 preparation was due to its proteolytic ac-
tivitv. Incubationi of cultured lymlphloblasts with 1-100
U/nil of Vibrio cholera neuramllilidase has no effect oni
tlheir cal)acity to stimulate lymphocyte transformatioin.
The conlcenitrationi (50 U/nill) of neuramiinlidase chosenl
for repeated stuly ( Table V I ) was that foutid( in un-
published studies to maximially alter the in vivo mligra-
tion of syngeneic lymphocytes. Neither enzyme reduced
the viability of the lymphoblasts as nleasured by trypan
blue dye excluisioni. Althoughi the trypsin-treatedl cil-

IABLE \'
Fferl/ (1/ Tlrpsin-ireatment of Cultured Lyn'phoblasts on their

Stimulation of -Iutologous Lvnmphocytc
Transformation*

Stimulator cell

Autologous leukocytes
AAutologouts leukocytes iiculated with

trypsin (100 jog/mii)
AnLtologous lymphoblasts

(no trypsin incubationi)
Autologous lymphoblasts inctubated

wN-ith trypsin
1 00 ,ug/ml
200 ,Ag/nl
500 jog/lIll

'riwbmi(iiii,
incorporated

EIxp. Ix,x.). 2

rptn X 10-3

().8 (0. 5

0.9 ().5s

113.6 52.3

110.3 3.5
4.3 3.1
10.3 0.5

* Washed cultured lymphoblasts or washed leukocvtes were
iictibated with varying concentrationis of trypsin for 30 imill
at 370 prior to irradiation. The cells were theni washed three
times with RPMI 1640 anid resuspenided in RPMI 1640 with
20% autologous plasma at a concenitration of 8 X 105 cells.
1 ml irradiated cells was iimixed with autologous leukocytes.
Results are expressed as iiiean of duplicate cultures in coutints
per imiiniute per culture thymidine-3H incorporated.
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TABLE VI
Effect of Incubating Cultured Lymphoblasts with Neuraminidase

or Trypsin on their Stimulation of Autologous
Lymphocytes Transformation*

Thymidine
incorporation

Stimulator cell Exp. 1 Exp. 2

cpm X 1O-3

Auitologous leukocytes 0.6 0.3
Autologous lymphoblasts 132.7 69.4
Neuraminidase-treated atltologotIs

lymphoblasts 128.5 72.6
Trypsin-treated autologous

lymphoblasts 29.1 10.4
Autologous lymphoblasts incubated

with trypsin in presence of Soybean
trypsin inhibitor 125.9 79.2

Mixture of trypsin-treated and
untreated autologous lymphoblasts 147.3 65.8

* 2-ml mixtures or irradiated cultured lymphoblasts or
irradiated lymphoblasts with autologous lymphocytes were
incubated under conditions described in methods. Where
indicated, washed cultured lymphoblasts were incubated
for 30 min at 37°C with 50 U/ml neuraminidase, 100 ,ug/ml
trypsin, or 100 lAg/mIL trypsin and 100 ,ug/ml soybean trypsin
inhibitor. The cells were then washed three times with RPMI I
1640 and resuspended in RPMI 1640 with 20% autologous
plasma at a concentration of 8 X 105 cells/ml, irradiated and
mixed with autologotis lymphocytes. In the last group, 1 ml
of responder cells was mixed with 2 ml of trypsin-treated and
4 ml of untreated cultured lymphoblasts. Results expressed
as mean of triplicate cultures in counits per minute per cultture
thymidine-3H incorporated.

tured lymphoblasts were washed, the possible effect of
incompletely removed trypsin upon the responding cells
was tested. Lymphocytes were stimulated with a combina-
tion of enzyme-treated and untreated lymphoblasts. Ta-
ble VI shows that the trvpsin-treated lymphoblasts did
not impair the stimulation of lymphocyte transforma-
tion by untreated lymphoblasts.

The capacity of trypsin-treated cultured lymphoblasts
to regenerate their stimulatory determinants was next
studied. Cultured lymphoblasts were treated with trypsin
and returned to culture for various times before their ir-
radiation and mixture with autologous lymphocytes. Cul-
tured lymphoblasts treated with trypsin immediately
prior to mixed culture stimulate little transformation of
autologous lymphocytes. Trypsin-treated cultured lym-
phoblasts recover their capacity to stimulate lymphocytes
transformation when returned to culture for 24 hr. Com-
plete regeneration of the stimulatory determinants oc-
curred in 30-48 hr (Table VII). As the viability of cul-
tured lymphoblasts is not depressed after incubation with
trypsin, the regeneration of stimulatory activity by cul-

tured lymphoblasts cannot be explained solely by the
multiplication of cells unaffected by trypsin treatment.

Detection of concanavalin A binding sites on cultured
lymphoblasts. A variety of neoplastic cells have con-
canavalin A binding sites not found on normal cells (14).
Concanavalin A at concentrations between 100 and 500
/Ag/ml was found to agglutinate cultured lymphoblasts
(Table VIII). Significant agglutination was found with
each of three cultured lymphoblast lines studied. Puri-
fied blood lymphocytes (15) from the lymphoblast donors
showed only trace agglutination at the highest concen-
tration of concanavalin A tested.

The relationship between the concanavalin A binding
sites on the cultured lymphoblast and their stimulation of
autologous lymphocyte transformation was studied. As
concanavalin A is a potent xnitogen it could not itself be
used for such studies. Trypsin-treated concanavalin A
lhas been shown by Burger and Noonan to retain its
capacity to bind but not to agglutinate transformed cells
(16). Wefound that trypsin-treated concanavalin A re-
tained little mitogenic activity (Table IX) and did not
depress the viability of cultured lvmphoblasts as mea-
sured by a trypan blue assay. A mixture of concanavalin
A and trypsin-treated concanavalin A stimulated lympho-
cyte transformation normally. This proved the absence
of an inhibitor of lymphocyte transformation in the
trypsin-treated concanavalin preparation. The effect of
trypsin-treated concanavalin A on the stimulatory ca-
pacity of cultured lymphoblasts was investigated. Cul-
tured lymphoblasts incubated for 30 min with trypsin-
treated concanavalin A stimulated significantly less lym-
phocyte transformatioin than did untreated cultured lym-

TABLE VI I
Recovery of Trypsin-treated Cultured Lymphoblast (CLB)

Stimulatory Capacity*

Thymidiiie
Interval between incorporated

trypsinl-treatment
Stimulator cell and culture Ex;p. I Exp. 2

hr cpm X 1O-3
Autologous leukocytes Not treate(l 0.7 0.4
Autologous CLB Not treated 68.4 96.1
Autologous CLB 1 2.8 3.2
Autologous CLB 6 - 5.7
Autologous CLB 24 23.7 35.7
Autologous CLB 30 - 89.4
Autologous CLB 48 59.4 102.4

* 2-ml cultures of irradiated CLB mixed with autologous lymphocytes
were incubated under conditions described in methods. Results expressed
as mean count per culture per triplicated cultures.
$ Lymphoblasts were washed with medium RPMI 1640 and resuspended
in medium containing trypsin 200 ytg/ml for 30 min at 37°C. The lympho-
blasts were then separated from trypsin by centrifugation, washed three
times and resuspended in RPMI 1640 containing 20% fetal calf serum.
The lymphoblasts were cultured for variouis times prior to irradiation and
mixture with autologous lymphocytes.
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TABLE VIII
. gglutination of Blood Lymphocytes and Cultured

Lymphoblasts by Concanavalin A*

Agglutination

Cultured lymphoblasts Lymphocytes
Concanavalin A -

concentrationi G. B. R. R. M. XVI. G. B. R. R. M. W.

pg/mi

50 +-+ +
100 ++ + +.

250 ++++ ++ +++ - --
500 ++++ ++++ ++++ + ++

* Lymphocytes were I)urified from blood as described i)y Mendelsohn,
Skinner, and Kornfeld (15). Washed cultured lymphoblasts and purified
lymphocytes at a concentration of 2.5 X 106 cells/ml were suspended in
RPMI 1640 containing 50-500 Ag/'ml concanavalin A. The agglutination
of cells was determined by microscopic examination and scored 1 to 4+
after incubation at 37°C for 30 minutes.

phoblasts. These findings suggest that the sites on the
cultured lymphoblasts that stimulate lymphocyte trans-
formation and that bind concanavalin A may be in close
proximity to one another.

DISCUSSION

These studies demonstrate that cultured lyniphoblasts
markedly stimulate lymphocyte transformnation in mixed
culture. Cultured lymphoblasts are 2 to 10 times more
potent stimuli of lymphocyte transformation thani are
allogeneic leukocytes. The stimulation of lymphocyte
transformation by cultured lymphoblasts resembles the
mixed leuikocyte reaction in several respects: (a) the

TABLE IX
Effect of 1Trypsin-Treated Concanavalin A on the Stimulatory

Determinants of Cultured Lymphoblasts

Thymidine incorporated
Stimulus of lymphocyte

transformation* Exp. 1 Exp. 2

cpm X 1O-3

Concanavalin A 42.3 12.4
Trypsin-treated concanavalini A 5.4 2.6
Concanavalin A and trypsin-

treated concanavalin A 55.2 11.9
Autologous leukocytes 0.4 0.4
Autologous lymphoblasts 54.6 19.8
Autologous lymphoblasts inicti-

bated with trypsin-treated
concanavalin A 8.1 6.7

* Responder cells were established'in 2 ml culture as de-
scribed in methods. 80 ,ug of concanavalin A and/or 80 ,g
trypsin-treated concanavalin A were added to cultures as
indicated. Cultured lymphoblasts were incubated with
trypsin-treated concanavalin A for 30 min at 37°C and washed
twice prior to their mixtture with auitologous leukocytes.

time required for maximal lymphocyte transformation,
(b) the necessity for intact cultured lymphoblasts in
physical contact with the responding cell population (4,
17), and (c) the lack of participation of widely diffusible
mlitogenic factors.

Amos and Bach (18) have shown that the miiixed leu-
kocyte reaction is dependent upon differences in deter-
minants identical or closely linked to the histocompati-
bility antigens. In contrast, lymphocyte transformation
stimulated by cultured lymphoblasts is not related to dif-
ferences in the HL-A determinants on the lymphoblast
as evidenced by the observations that: (a) lymphoblasts
stimulate autologous lymphocyte transformation, (b)
the response of lymphocytes to allogeneic cultured lym-
phoblasts does not parallel their response to allogeneic
leukocytes from the cell line donior. and (c) the kinetics
of thymidine incorporationi stimulated by autologous lymn-
phoblasts resembles the response to plhytohemagglutiniin
more thain it does a miiixed leukocyte reaction. There is
evidence that HL-A antigenic density is greater on cul-
tured lymphoblasts than on peripheral lymphocytes (19).
This observation may contribute to the increased response
of lymphocytes to allogeineic cultured lymphoblasts as
compared with allogeneic leukocytes from the cell line
donor and may underlie the reported appearance of
"new" HL-A determinants on cultured lymphoblasts (8.
20).

The results reported lhere suggest that presence of a
lymphloblast-associated antigeni. The existence of deter-
miinants on lymphoblasts not found on lymphocytes has
been suggested by cross-absorption studies usinlg anti-
serumii raised to lymiiphoblasts and to blood lvmphocytes
(21). Recent studies by Mann, Rogentine, Halterman,
and Leventhal (22) showed that a non-HL-A determi-
nant found on cultured lymphoblasts is present on leuko-
cytes from leukemic patients and some of their relatives
but not on the leukocytes of unrelated normal individuals.
This is relevant because leukemic cells have been re-
ported to stimulate transformation of autologous lympho-
cytes (23) and of lymphocytes from HL-A identical sib-
lings (24). These findings suggested the existence of a
leukemia-associated antigeni. It is possible that the lyni-
phoblast-associated antigen mar' be related to a leuikemia-
atssociated anitigen.

Tumor cells, cells transformed by viral and chemical
carcinogens (14), and embryonic cells (25) possess
phytagglutinin binding sites not found on normal cells.
Wehave studied the binding of one such phytagglutinini.
concanavalin A. Concanavalin A binding sites were
shown to be present on cultured lymphoblasts but not on
lymphocytes. Cultured lymphoblasts that have bound
trypsin-treated concanavalin A (nonmitogenic) do not
stimulate autologous lymphocyte transformation sug-
gesting that concanavalin A binding sites are in close
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proximity to the determinants that stimulate lymphocyte
transformation. The two sites are probably distinct since
they differ in their response to trypsin. Concanavalin A
binding sites are unaffected by incubation with trypsin.
In fact, treatment of normal cells with trypsin exposes
cryptic concanavalin A binding sites (26). In contrast,
treatment of cultured lymphoblasts with trypsin destroys
the sites that stimulate autologous lymphocyte trans-
formation.

The biologic mechanismii underlying the appearance on
tuimor cells and transformed cells of phytagglutinin bind-
ing sites and of new antigenic determinants is not known.
Two hypotheses proposed to explain the development of
such surface s.ites are germane to this discussion. One
hypothesis suggests that new antigenic sites result from
the derepression of host genetic material norxnally ex-
pressed only dur.ing early periods of growth and devel-
opment (27). The best studied example of this phenome-
non is the demonstration by Gold and Freedman (28) of
an antigenic determinant on colonic carcinoma cells
which is also present on embryonic endodermal tissue.
The second hypothesis proposes that cells with new anti-
genic determinants are infected with virus and that the
new determinant results from the expression of viral
genetic material. Many surface determinants results from
the expression of viral genetic material (29).

At present, there is no evidence that new antigenic
determinants found on the cultured lymphoblast are
present on primitive hematopoietic cells. Wehave, how-
ever, preliminary evidence that mitogen-induced lympho-
blasts also stimulate autologous lymphocyte transforma-
tion and may contain similar antigenic determinants
(30).

Cultured lymphoblasts are frequently infected with
EB virus. In fact, it has been suggested that in vivo (31)
or in vitro (32) infection with the EB virus is a pre-
requisite for the establishment of lymphoblasts in con-
tinuous culture. EB virus or EB antigen can be demon-
strated -in the majority of cultured lymphoblast lines
(31). Cultured lymphoblast lines that possess neither EB
virus nor EB antigen can be shown to contain the EB
viral genome by DNA-RNA hybridization techniques
(33) and recently EB virus has been induced from pre-
sumed "virus-free" lines after incubation with bromo-
deoxyuridine (34, 35). At this time it is not possible to
rule out a relationship between EB virus infection and
the development of the stimulatory determinants on cul-
tured lymphoblasts. Although cultured lymphoblasts that
stimulate autologous lymphocyte transformation do not
always have demonstrable EB viral antigens (9), it is
possible that EB viral antigens contribute to the stimula-
tion of lymphocyte transformation. Whether EB viral
antigens are destroyed following exposture to trypsin is
not known.

Finally, the biological significance of the in vitro re-
sponse of lymphocytes to autologous cells should be con-
sidered. The transformation of lymphocytes in culture
may reflect the in vitro phenomenon of immune surveil-
lance. The disappearance of atypical lymphocytes from
the circulation during recovery from infectious mono-
nucleosis follows and may result from the sensitization
of the host to determinants on the atypical lymphocyte.
This may be the biologic consequence of the in vitro
phenomenon described in these studies. In general termiis
the ability of lymphocytes from normal individuals to
react with blast transformation to cultured autologouis
cells may reflect a primary mechanism to colntrol neo-
plastic transformation.
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