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The effect of addition of antigens to cultures of lymphocyltes from atopic indiduals 
wu~w investigated. The number of large “blast cells” in cultnrcs of patients sensitice 
to ragweed, Alternaria, and penicillin was greater than in control cultures from non- 
sensitive indikkuls, supporting the specific stimulatory eflect of antigen. For each 
adgen, there is an opti,mal dose-response curve. Above this optimal concentration 
no further stimulatory efect is obtained. When two or more antigens to which a 
patient is sensitive were added to his lymphocytes, no cumulative stimulatory eflect 
was obtained, as compared with the efleot of only owe antigen. A similar absence of 
summation co&l be seen when an antigen u’as mCxed with phytohemagglutinin. 
Although the morphology of the blast cells obtained with antigenic stimu,lation was 
similar or idmticd to that obtained wilh phytohemagglutinin (PHA), the percentage 
of blast cells was strikingly higher with PHA, and the peak of response appeared 
after 3 days with PHA instead of 5 to 7 days as with antigens. When the percentage 
of blast cells obtained with ragweed and Alternuria was compared with other tests of 
hypersensittiity, such as, &in test and passive hemagglzltination, a fairly good 
correlation was observed. On the other hand, penicillin-sensitive patients cam exhibit 
a positive hemagglutination test and an &creased percentage of blast cells with a 
negative skin test. When antigen was added, to the washed lymphocytes of a patient 
sensitive to that particu~lar antigen, the culture fluid contain,ed antibodies dcmon- 
strable by the Schu.ltz-Dale technique. The highest content was observed from the 
third to the fifth day with a significant decrease at the seventh and ninth days. 
Heating this culture fluid at 56’ C. for 4 hours significantly decreased the content in 
antibodies. The addition of fluid from lymphocytes grown in tissue culture in Ihe 
presence of a.ntigen caused contraction of zlnsensitized monkey ileum strip. This 
conceira’bly could be due to tlrc presence of antigen-antibody complexes. 
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P hytohemagglutinin, an extract of the red kidney bean, Phaseolus vulgaris, 
was used many years a.go by Landsteinerl as an agglutinating agent for red blood 
cells. In 1959, Hungerford and eo-workers? discovered that this extract, when 
added to tissue culture, induced transformation of ‘70 to 90 per cent of human 
peripheral lymphocytes into immature pyroninophilic blast cells capable of 
undergoing mitosis. Without the addition of this substance, only 5 to 15 per 
cent of the lymphocytes underwent these morphological changes in culture. 

This discovery stimulated search for ot.her fact.ors which might exert similar 
activity. The first known blastogenic agent, other tha,n phytohemagglutinin 
(PHA), was purified tuberculin (PPD), which stimulated lymphocytes from 
tuberculin-sensitive patients: ?, 4 Soon aft.er this action of tuberculin was dis- 
covered, evidence was presented that polio vaccine, tetanus toxoid,” diphtheria 
toxoid, pertussis vaccine, and penicillin” also induced blastogencsis of lympho- 
cytes from donors specifically sensitized through natural infection or proph~-- 
lact.ic immunization. 

There are only a few studies regarding lymphoblastogenesis in relation to 
immediate hypersensitivity in man. To our knowledge, Elves7 and Zeitz* were 
the first to report a specific stimulatory eftect of grass pollen extracts upon 
lymphocytes of allergic individuals. We employed this technique to study in 
detail the effect of specific antigen on the lymphocytt3 from patients with hay 
fever, asthma, and urticaria. Since it was recently suggested by Hulliger and 
Sorking and Landy and colleagues lo that leukocytes are able to elaborate specific 
antibody in vitro, we also studied the tissue culture fluid for presence of anti- 
body. 

MATERIALS AND METHODS 

White blood cells from 48 pa,tients, allergic to one or rnore antigens, and from 
12 nonatopic individuals, were obtained and grown in tissue culture according 
to the following technique, which represents a modification of that described b! 
Bach and Hirschhorn.ll Ten to 20 ml. of blood was drawn under sterile condi- 
tions from the antecubital vein, with the use of a glass syringe previously \vct 
with heparin. The blood sample was then allowed to sediment at 37’ C. for one 
hour. The plasma. was removed and put in a 4 oz. soft glass prescription bottle 
for one hour at 37O C. to allow attachment of po;lymorphonuclear leukocytes to 
the glass wall. The supernatant, which contained 60 to 90 per cent mononuclear 
cells, primarily lymphocytes, was centrifuged, and the cells were washed 3 times 
with Eagle’s (MEM) medium.” After the last washing, the cells were counted 
and a final suspension conta.ining 7.5 x lo5 mononuclear cells per milliliter was 
prepared in MEM “spinner” medium supplemented with 1 per cent glutamine 
and 20 per cent fetal calf serum. No antibiotics were added to the culture. 

Screw-cap tubes were used for the cultures, each containing 4 ml. of the final 
lymphocyte suspension. For each patient studied, phytohemagglutinin I’ 
(PHA-P) ,t 0.05 ml. per 10 ml. of culture, was a.dded in one tube. Other tubes 
were prepared with various antigens in optimal concentrations, using antigens 
to which the patient may or may not have been allergic. Additional tubes without 

*Grand Island Biological Laboratory, Grand Island, N. Y. 
tDifco Laboratories, Inc., Detroit, Mich. 
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additives were included as controls. Cultures were incubated at 37’ C. and ha,r- 
vested at different times (generally after 3 days for PHA studies and after 5 
days when the antigens were used as the stimulus). In order to determine the 
time-response curve, the cells of 6 patients were harvested every day for 9 days. 
At the time of harvest, the cells were fixed with a mixture of glarial acetic acid 
and absolute methanol (1:3), and slides were prepared. Acetic orcein, a nuclear 
stain, was used for staining the cells. The nuclei of nontransformed lymphocytes 
remained compact and dark, while the “blast” cells showed a reticulated appear- 
ance with prominent nucleoli in most cells. * Five hundred to 1,000 cells were 
counted on each slide and the percentage of “transformed” (i.e., enlarged mono- 
nuclear) cells and cells exhibiting mitosis were recorded. 

The tissue culture fluids were used for the determin:Ltion of antibodies. After 
cent.rifuga,tion at high speed and dialysis for 48 hours against buffered saline 
and concentration t,o half volume by evaporation, the samples were sterilized 
through a membrane filter. Intradermal skin tests were performed with this ma- 
terial on nonatopic individuals with the idea of dct,ermining the presence of 
antigen-antibody complexes, which have been shown to produce wheal and flare 
reactions on human skin.l’ In an attempt to demonstrate skin-sensitizing a&i- 
bodies in the tissue culture fluid, indirect skin tests, according to the tcchniquc 
of Prausnitz-Kustner, were carried out. The tanned-cell passive-hemagglutination 
t.est was carried out with 10 samples of tissue culture fluid by the technique 
previously described.‘” The tissue culture material from 3 patients was con- 
centrated tenfold by pervaporation in the cold and used for the radio-immuno- 
electrophoresis technique with I I’“-la.beled Pool C, a partially purified fraction 
of ragweed.14 

‘Ilre have previously reportedI” that the monkey ileum can bc passively sensi- 
tized in vitro by as little as a l:lO,OOO dilution of reaginic sera. The addition of 
the specific antigen then produced a muscle contraction which can be evaluated 
in terms of histamine equivalents. The supernatant fluid of t,he lymphocytes 
grown in tissue culture (with and without the additio’n of the specific antigen) 
was collected after 5 da-s’ growth from 12 ragweed- and 2 penicillin-sensitive 
patients, as well as from 5 nonallergic individuals. These fluids were tested for 
t,he presence of antibody by this technique. In order to determine t,he rffect of 
heating on the ability to sensitize the monkey ileum, samples of tissue culture 
fluid were heated at 56’ C. for 4 hours and thereafter used in varying dilutions 
for the passive sensitization of the monkey ileum. 

These tissue culture fluids were also tested by adding them to a muscle bath 
containing a nonsensitized strip of monkey ileum. Appropriate controls, such as 
normal tissue culture fluid, or t,he antigen alone, were used to challenge the un- 
sensitized gut. 

RESULTS 

The lymphocyte cultures of a total of 48 allergic patients were studied, of 
which 32 were sensitive to ragweed, 6 to Alterrmria, and 10 to penicillin. Six of 
t,hrse patients showed hypersensitivity to two of these antigens. The patients 

*Although the origin and nature of these large mononwlear cells is. uncertain, they are 
referred to throughout this paper as “blast” or %ansformed” cells. 
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Table I. Antigen-hduced blast transformation of humax peripheral white blood 
cells: Ragweed and Alternaria sensitive patients 

Skin Blasts: after 5 days’ culture (TO) 
sea&&y* 

Injec- 
Pa- Ra.g- Alter- tion 

xo 1 Ra,aweed 1 Alternaria ~ zf$$$?i 1 h~!!‘~- tient weed naria therawvt antiaen 

CU 

CZ 
Ba 
Ro 
Fa 
Li 
Ta 
Ku 
Jo 
MC 
Ba 
Be 
Ha 
He 
SC 
Cl 
Wi 
>Ii 
F’ 
G: 
DO 

ot 
Pa 
Jo 
CU 
Hi 
Sm 

4+ 
4t 
2+ 
2t 
4+ 
4+ 
2+ 
2t 
4+ 
2t 
2+ 
2+ 
4+ 
3+ 
4t 
4t 
4t 
4t 
4t 
4t 
4+ 
4t 
4+ 
4+ 
4t 
4+ 
4+ 

f 

2t t 
3+ t 
2t - 

t 

3t - 
- 

2+ + 
+ 
+ 
- 

2+ - 
+ 

+ 

12 
19 
16 
18 
19 
17 
24 
31 

6 
10 
1 3 
I6 
14 
21 
11 
13 
17 
36 

8 
15 
14 
12 

8 
8 

17 
9 

20 

66 83 
70 89 
3.9 22 
63 19 28 
55 59 38 
33 29 
43 22 2 ‘, I 

53 

I.9 

Ii 7 
4!) 82 
49 
57 
.52 
2.7 
2% 36 
41 36 74 
68 
56 
15 
88 
31 
58 
70 
71 
a? 
32 

91 
88 

*Based on the concentration of antigen to which the patient had a positive skin test. A 
reaction to a l:l,OOO dilution (30 PNU) or greater dilution of a 5 per cent extract of wh01e 

ragweed pollen is designated 4+ sensitivity; 1: 100 dilution, 3+; 1 :I 0 dilution, 2t (3,000 PNU) . 
tThe t indicates previous specific hyposensitization therapy, and the - indicates no previous 

specific hyposensitization therapy. 
$The results recorded represent the percentage of “blast” type cells observed in a total of 

500 to 1,000 lymphoid cells counted. The italicized numbers indicate those instances in which 
the percentage of blasts upon stimulation was almost double the control level. This order of 
response is regarded as generally outside the limits of error inherent in the procedure. 
(Ragweed: Skin testing was performed with extracts of whole short ragweed pollen. In almost 
all cases, the ragweed antigen added to the lymphocytes in culture was Pool C, a partially 
purified fraction of short ragweed pollen, in a dose ranging from 0.5 mcg. to 20 mcg. per 
milliliter of culture medium. Alternaria: 0.1 ml. of aqueous extract, containing 0.5 per cent of 
protein was added to the lymphocytes in culture. Dilutions of a 3 per cent extract were 
recorded as with ragweed for intradermal skin tests, namely, a skin reaction with a 1 :l,OOO 
dilution was recorded as 4t. Penicilloyl polylysine: .Ol ml. of a 12 x lo-5M added to 4 ml. 
of culture. Phytohemagglutinin P: Difco Laboratories, Inc., Control No. 479934.) 

were carefully selected clinically and those with positive skin tests without a 
corresponding clinica, picture were not included in this study. Lymphocyte cul- 
tures of 12 nonatopic individuals were used as controls. 

In the presence of antigen, a portion of the cells showed morphological 
changes. The nucleus was enlarged and showed a reticular appearance with 
nucleoli prominent in most cells. These cells are strongly basophilic and some of 
them contained numerous cytoplasmic granules. The appearance of these cells 
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Table I-Con t’d 

Slcin Bla&s$ after 5 days’ culture (70) 
reactivity* Injec- Phyto- 

Pa- Rug- Alter- tion No Penioilloyl hemagglu- 
tient weed naria therapy+ antigen Ragweed Alternmia polylysine tinin P 

Fr 4+ f 9 10 91 

We 4+ + 13 13 90 

Eu 0 - 21 29 

Ke 0 4+ - 14 26 73 

SC 0 - 22 25 34 

Mi 0 - 21 21 

is suggestive of lymphoblasts, and, consequently, the term “blast cells” is used 
in this paper to characterize them. However, under conditions of the experi- 
ments, we were not able to distinguish lymphoblasts from other large, mono- 
nuclear cells such as macrophages. Without addition of antigen, only 15 per cent 
of the cells showed this type of morphological appearance. 

The percentage of blast cells obtained in all three a.ntigcnic systems studied 
in detail is illustrated in Tables I and II and Fig. 1. Data on patients allergic 
to ragweed and/or Blternaria are listed in Table I. Studies of patients with 
recent various types of reactions following the administration of penicillin arc 
presented in Table II. The fact that only lymphocytes of atopic patients respond 
to these changes upon the a.ddition of the specific allergen is diagranmtically 
illustrated in Fig. 1. As controls, cells from nonatopic individuals, or of atopic 
patients not sensitive to the particular antigen, were treated with ant,igen. Gcn- 
erally, when the number of blast cells in cultures of control and sensitive pa- 
tients are compared with and without addition of antigen, only the cells from 
sensitive individuals were consistently stimulated. There was appro’ximately 
double the percentage of transformed lymphocytes in tissue cult,ures in the prcs- 
ence of antigen in 26 of 32 ragweed- and 7 of 10 penicillin-sensitive patients. 
Large variations and occasional overlapping can be seen (especially with ,4lter- 
naria, Fig. 1) which could represent the result of a nonspecific stimulatory effect 
of the antigen used. There was no obvious reduction of blast response to previous 
injection therapy (Table I). Patients with various types of penicillin reactions 
responded more or less equally to either penicillin G or penicilloyl polylysine. 

For each antigen, there seems to be a range of concentrations producing a 
maximal blastic transformation. When higher concentrations were used, a pla- 
teau was observed until toxic effects appea,red. In Fig. 2 is represented the 
average percentage of transformed cells from 4 ragweed-sensitive patients, har- 
vested after 5 days of culture. Pool C in a concentration of 0.5 pg per milliliter 
produced maximal stimulation. Even 10 times this amount (5.0 pg per milliliter) 
did not enhance this effect. The following concentrations of antigens were Ltsu- 
ally added to 4 ml. of culture media: penicillin, 0.1 ml. containing 1,000 units 
per milliliter; penicilloyl polylysine (PPL), 0.01 ml. of 12 x lo-94 solution; and 
Alternaria, 0.1 ml. of aqueous extract containing 0.5 per cent of protein. 
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Fig. 1 
Percentage of transformed lymphocytes after 5 days of culture, when ragweed, Alternark, 
and pe?ziciZlin antigens are added. Open circles indicate patients sensitive to that particular 
antigen. Filled circles indicate nonatopic patients or atopic patients not sensitive to that par- 
ticular antigen 

%6last Cells 

Fig. 2 

O,l 0.5 I.0 2.0 5.0 

Pool C, .q/mI 

Effect of various concentrations of POOZ c (a partially purified fraction of ragweed) on the 
production of transformed lymphocytes. Average percentage of transformed cells from 4 rag- 
meed sensitive patients harvested after 5 days of culture. 

The effect of several antigens upon the same culture was then investigated. 
Mixtures of ragweed with penicillin, and Alternaria with Hormodendrum, were 
added to the cultures of patients allergic to both of these antigens. Mixtures of 
Alternaria with PHA were also tested. As demonstrated in Table III, no sum- 
mation of their separate effects was obtained with either of the two antigen 
systems, or with the mixture of PHA with an antigen. In a further study, 
lymphocytes from a patient sensitive to several antigens were cultured in the 
presence of one of these antigens alone, or a mixture of them, as well as with 
PHA and with PPD alone or mixed with the antigens. No further stimulation 
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Table II. Antigen-induced blast transfonnatiolL of human prripheral white blood 
cells: Penicillin sensitive patients 

Skin reactivity 

lhZlJl- Hlastst after 5 days’ wltwe (%) 

Pa- pen/idlin Penicilloyl X0 Benzyl- Penicilloyl Phytohemag- 
tient Sensitivity* G polylysine antigen penicillin G$ polylysine glut&m P 

JO Skin rash 
I<i Fever plus 

eosinophilia 
sm Anaphylactic 

reaction 
Bl Anaphylactic 

reaction 
Ci Skin rash 
YU Skin rash 
NC! Skin rash 

(receiving 
steroids) 

‘I-0 Skin rash 
St Skin rash 
Ce Skin rash 
Da Nonsensitive 
Na Nonsensitive 
Be Nonsensitive 
Ha Nonsensitive 
Da Nonsensitive 
MC Nonsensitive 

Neg. 

Neg. 

Neg. 

PO% 

ND 

Keg. ?;eg. 
Pos. 1’0% 
Neg. Neg. 

ND 
Pos. 
Neg. 
ND 

Xl) 
1'0% 
Neg. 
ND 

19 

8 

10 

7 
10 
28 

29 
26 
26 
12 
“6 

6 

8 
20 

6 

*Type of allergic reaction to penicillin. 
t&e footnote to Table I. 
$Thc usual concentration in culture n’as 250 units per milliliter of culture medium. 
$XD, not done. 

of the cells occurred with the addition of the mixture of several antigens, or by 
the addition of the antigen plus PHA. 

The morphology of the blast cells induced by antigen is similar to that ob- 
served under the influence of PHA. There are however, some striking differences 
between the two systems. Fig. 3 illustrates two of these differences. First, the 
number of transformed cells is always much lower when the antigens are added 
t.han with PHA. Another difference resides in the time-response relationship. 
(With PHA, a peak number of blnst cells is seen after 3 days in contrast to 5 
to 7 days with the ragweed, Alternaria, or penicillin.) In the same culture the 
percentage of transformed cells remained practically unchanged from the fifth 
to the seventh day, but after this lapse of time there was a definite decrease in 
the number of cells, and degenerative processes could be seen. 

Another way of testing the specificity of the cell transformation described 
above is to determine whether these morphological changes were related to other 
criteria of hypersensitivity. Direct skin tests and for the ragweed system the 
passive hemagglutination tests were compared with the number of transformed 
cells. There was some correlation between these three different tests, especially 
between the degree of skin hypersensitivity and the number of t.ra,nsformed 
lymphocytes. The blast formation in patients who developed strong positive skin 
reactions to a high dilution of antigen usually was much greater than that in 
patients with lesser skin reactivity. 
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Fig. 3 
Time-response curve of “blast” 
(PHA) and Pool C. 

formation following the addition of phytohemagglutinin 

Table 111. The percentage of blast cells following the addition of 2 mtigens to 
which the patient is sensitive, o’r adigen plus PHA 

Patient Antigens 
Percentage of 

blast cells 

Ja 

MO 

Gd 

mo 

Control 
Ragweed 
Penicillin 
Ragweed plus penicillin 

Control 
Alternaria 
Hormodendrum 
Alternaria plus Hormodendrum 

Control 
Alternaria 
Phytohemagglutinin 
Alternaria plus PHA 

Control 
Alternaria 
Ragweed 
Horse dander 
Peanut 
All 4 antigens 
PHA 
All 4 antigens plus PHA 
Tuberculin (PPD) 
Ragweed plus PPD 
Ragweed plus PHA 

7 
38 
44 
41 

8 
22 
27 
29 

11 
26 
81 
88 

18 
27 
3” 
2; 
33 
29 
58 
54 
38 
33 
55 

In studies with the penicillin-sensitive patients, the correlation between skin 
tests and the percentage of transformed cells is not as st.riking. Some patients 
with penicillin hypersensitivity lacked skin sensitizing antibody, having only 
precipitating antibody as demonstrated by the passive-hemagglutination tech- 
nique. Two of 5 patients receiving large doses of penicillin, but without a clini- 
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Table IV. Blind experiment to assess adigen-induced blast transformation of 
peripheral lymphocytes from ragweed sensithe patients 

Blast cells after 5 days’ cdture (%) (Pool C) 

Specimen 
anntzgen Fo 1 

0.1 
1 

1.0 
1 

4.0 
1 

8.0 
) 

bO.0 
number Patient mcg./ml. mcg./ml. mcg./ml. mcg./ml. mcg./ml. Sensitivity 

Pa 8 58s 
Jo Y 70 
(‘U 17 71 
DO 5 8 
Fi 8 56 
Ku 1s 8 
IIon 15 41 
I)0 "0 11 
ot 12 31 

+ 
+ 
t 

lb %l 
87 48 t 

i 

8% 7% t 
18 10 20 

t 

“Italicized figures denote at least twice the numlrer of transformed cells in tissue culture 
with antigen than controls without antigen. 

cal picture of hypersensitivity, developed a slightly higher percentage of blast 
cells than most normal control subjects. 

In order to test the validity of this technique, further experiments were per- 
formed in a “blind” fashion, whereby cells were collected from 9 individuals 
(6 patients allergic to ragweed and 3 nonatopic patients) by one investigator. 
These samples were randomized and coded, and a second investigator tested these 
cells in culture by the addition of various concentrations of ragweed Pool C, as 
described above. The results of this study are illustrated in Table IV. All 6 of 
the ragweed-sensitive samples showed markedly elevated numbers of blast cells, 
whereas 2 of the normal samples showed no elevation and one showed slight re- 
sponse. It also will be noted, again, that increasing the amount of antigen added 
to the tissue culture above the optimal value did not increase the per cent of 
transformed cells. 

The t.issue culture fluids of lymphocytes from 7 patients sensitive to ragweed 
were studied for the presence of antibodies. All tests done with the passive- 
hemagglut,ination technique were negative. Direct. skin tests performed for the 
determination of a.ntigen-a,ntibod.v complexes and passive transfer tests for the 
presence of antibody could not be interpreted because of the presence in all 
samples of a skin-irritating substance, which could be only partially removed by 
prolonged dialysis. Radioimmunoelectrophoresis was performed with the use of 
labeled Pool C with 3 samples of tissue culture fluids. Binding to proteins be- 
longing to the group of alpha-globulin was observed, but no immunoglobulins 
could be det.ected. 

The presence of antibodies in the tissue culture fluids of 12 ragweed- and 2 
penicillin-sensitive pat.ients was tested by the monkey ileum Schultz-Dale tech- 
nique. The fluid was removed at different time intervals during lymphocyte cul- 
t,ure, ranging from 4 hours to 9 days. Culture fluids, taken from ant,igen-stimu- 
lated lymphocyte cultures, sensitized strips of monkey ileum in vitro; upon sub- 
sequent addition of antigen, muscle contraction occurred. This contraction was 
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presumed to be due to the antibody present in the medium. One of these experi- 
ments is illustrated in Fig. 4, in which the histamine equivalents of the different 
samples are compared to that obtained with a 130 dilution of the patient’s own 
serum. Tissue culture fluid from lymphocytes grown without addition of antigen 
was considered as a control. 

The fluid obtained from lymphocytes grown in the presence of the specific 
antigen (Pool C) was able to passively sensitize the monkey ileum, as evidenced 
by a muscle contraction after the addition o’f the specific antigen. The supcr- 
natant fluid of cultures grown in the presence of an unrelated antigen did not 
sensitize the monkey gut to respond to challenge either by the same or unrelated 
antigens (Fig. 5). 

Similar results were obtained in two other experiments which showed an in- 
crease in content of sensitizing antibody from the third to the fifth day, followed 
by a slight decrease by the seventh and ninth days. The amount of antibody de- 
tected with this technique was low. Usually, dilutions of the tissue culture fluid 
greater than 1:50 were not able to sensitize the monkey ileum. When the ileum 
was sensitized with tissue culture fluid in which only PHA was initially added, 
no muscle contraction occurred after challenge with the antigen. 

Heating the culture fluid before using this material for the Schultz-Dale ex- 
periment produced a significant decrease in its ability to sensitize the monkey 
ileum. From 66 to 90 per cent of sensitizing activity is lost after heating the 
tissue culture fluid for 4 hours at 56’ C. (Table V, Fig. 6). 

To determine the validity of these result,s a blind test to demonstrate the 
presence of antibody in tissue culture fluids was performed. Lymphocytes from 
4 ragweed-sensitive and 2 nonatopic individuals were collected and cultured 
with and without Pool C. The tissue culture fluids were separated after 5 days’ 

Fig. 4 
Anaphylactic contraction in terms of histamine equivalents, obtained following passive sensi- 
tization of the monkey ileum by tissue culture fluid and subsequent challenge with the antigen. 
The result of a 1:.5U dilution of the serum of a patient sensitive to ragweed is given and 
compared with that obtained with the culture fluid of his lymphocytes, in a 1: 20 dilution, 
harvested at various periods of time from 1 to 3 days. 
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Fig. 5 
To demonstrate the specificity of the tissue culture fluid to sensitize monkey ileum: Upper row 
of tracings show responses of monkey ileum sensitized with tissue culture fluid obtained from 
lymphocytes (grown without addition of Pool C) of ragweed-sensitive patient. a, Response to 
histamine ; b, ragweed; and c, Alternaria. The middle row of tracings reveal the muscular 
response to the monkey ileum after being sensitized with the tissue culture fluid obtained from 
lymphocytes (grown in the presence of Pool C) of a ragweetl-sensitive patient. a, Response to 
histamine; 71, response to ragweed; c, response to Alternaria. The lower tracings illustrate the 
response to histamine, ragweed, and Alternaria after tissue had been sensitized with tissue 
culture fluid of lymphocytes (grown in the presence of Alternaria) from a ragweed-sensitive 
patient. a, Response to histamine; b, response to ragweed; c, response to Altornaria. 
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Fig. 6 
The effect of heat (56” C. for 4 hours) on the ability of lymphocytes (grown in presence of 
specific antigen) of allergic patients to passively sensitize the monkey ileum. The upper trac- 
ings show response of ileum sensitized with unheated and heated tissue culture fluid from a 
ragweed-sensitive patient’s lymphocyte culture. Although the histamine response is slightly 
diminished after heating, there is no response with the specific antigen (ragweed). The middle 
row of tracings shows responses from ileum sensitized with tissue culture fluid of penicillin- 
sensitive patient. Although the histamine response is no1 affected by heat, there is no response 
when penicillin is added. The lower row illustrates responses for another penicillin-sensitive 
patient’s lymphocyte culture. A good response by the addition of penicillin to the strip sensi- 
tized by the unheated tissue culture fluid, but a markedly diminished response when the ileum 
was sensitized with tissue culture fluid heated at 56” C. for 4 hours. 
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Table V. Schultz-Dale experiment with heated ad unheated tissue culture fluid 
of lymphocytes from patients allergic to ragweed. The anaphylactic response 
obtaked after challenge with the antigen is given in terms of histamine 
equivalents 

Patient 

Sn 
Ha 
Hen 
Sch 
Ba 

Histamine equivalents (ng./ml.) 

Tissue c&we fluid 1.30 (5 days) 

Heated at 56” C. 
Serum 1:50 Unheated far 4 hours 

11 5 0.5 
15 8 1.0 
13 4 1.0 

9 2.0 
7 : 1.0 

of growth, as described above, and coded. These coded specimens were then tested 
by the monkey ileum Schultz-Dale procedure by another investigator. Only the 
fluids with Pool C from the ragweed-sensitive patients were able to sensitize the 
monkey gut as evidenced by the contraction of the ileum after the addition of the 
ragweed extract. 

Tissue culture fluids from 7 ragweed-sensitive patients and 2 nonatopic indi- 
viduals were studied for their effects on unsensitized monkey gut. Xix of the 7 
tissue culture fluids obtained from the lymphocytes grown in the presence of 
the specific antigen for 5 days caused a significa,nt contraction of the previously 
unsensitized monkey ileum. The fluids obtained from cultures without the pres- 
ence of antigens did not produce this contraction, nor did the fluid from lympho- 
cytes of the 2 nonatopic patients which had been cultured in the presence of 
antigen (Fig. 7). 

DISCUSSION 

In this study at least part of the white blood cell population of atopic pa- 
tients recognized specific antigens such as ragweed and Alternaria and responded 
by characteristic morphological changes. The effects were apparently not at- 
tributable to previous injection therapy. Cell cultures from patients who cspcri- 
enced either immediate (anaphylactic) or late (serum-sickness or urticaria) re- 
actions to penicillin demonstrated similar changes when either penicillin C: or 
penicilloyl polylysine were added to the lymphocyte culture fluid. Cultures pre- 
pared from individuals who had received large dosages of penicillin without any 
allergic reaction showed no blastogenic response. These morphological changes 
are similar to those observed under the influence of PHA. However, the trans- 
formation pattern differed in many wa.ys. PHA, which can be considered as a 
nonspecific stimulatory agent of the lymphocytes,l’ was able to induce the meta- 
morphosis of a higher percentage of cells and in a shorter time than any of the 
antigens tested in our experiments. In this respect, our results confirm previous 
observations51 G 

The addition to the culture of two or more antigens to which the paGents are 
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Fig. 7 
The effect of tissue culture fluid obtained from lymphocytes grown with and without the prcs- 
ewe of a,ntigen on a normal unsensitized monkey ileum strip. Upper row: a, histamine U- 
sponse; b, lack of contraction upon addition of tissue culture fluid obtained from lymphocytes 
grown without the presence of antigen; c, definite muwle contraction when tissue culture fluid 
was obtained from lymphocytes grown with specific antigen (Pool C) ; d, effect of antigen 
alone (same concentration as in tissue culture fluid). Lower row: n, histamine response; b, 
lack of contraction upon addition of tissue culture fluid obtained from lymphocytes grown 
without the presence of antigen; C, definite muscle contraction when tissue culturr fluid was 
obtained from lymphocytes grown with specific antigen (Pool C) ; CE, no responw when antigen 
iPool C in same concentration) was added to normal tissue culture fluid. 

sensitive, or antigen plus PHA, did not increase the percentage of transformed 
cells, as compared with the effect of one antigen alone. This result suggests that 
only a limited proportion of the total lymphocyte population is involved in this 
process of blastogenesis and that the same cells are able to respond to several 
antigens. Similar results have been presented by Cowling and Quagliano18 who 
actually observed a decreased stimulatory effect when bacterial antigens were 
added to the culture, simultaneously with tuberculin, without being able to give 
an explanation to this peculiar phenomenon. These results support previous ex- 
periments demonstrating that the population of peripheral lymphocytes may 
be heterogenous in its function, stage of maturation, or immunological 
specificity.1g 

Especially surprising is the observation that blastogenesis induced in vitro 
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by either delayed or immediate hypersensitivity is similar as fa,r as the mor- 
phology and the extent of tra,nsformation is concerned. Perhaps the same cells 
are able to respond to both types of immunological reactions and the basic cellular 
mechanism ma.y be quite similar. Of course these assumptions need further darn- 
mentstion. 

The origin and nature of these blast cells is still open to question. While they 
resemble lymphoblasts, the possibility that some of them represent macrophages 
or other mononuclear cells cannot be excluded. However, it must be emphasized 
that the proportion of these cells is not increased in cultures of blood cells from 
nonatopic individuals or in cultures with antigens to which atopic patients ill*c 
not sensitive. 

It was recently reported by liandy and co-workers lo that peripheral lymplio- 
cytes show the property of synthesizing antibodies in vitro. In our experiments, 
we were able to demonstrate in the fluid of lymphocyte cultures an antibody hav- 
ing the property of sensitizing passively the monkey ileum. This technique has 
previously been demonstrated to be an extremely sensitive test for antibody.‘Z 
Experiments with heated culture fluid showed that the antibody was heat labile. 
which is a common characteristic of the skin-sensitizing antibodies. ()thcr tech- 
niques were employed, such as, passive hemagglutination, passive transfer, and 
radioimmunoelectrophoresis. All these experiments were negative. These negative 
findings are probably due to the small amounts of free antibody found in the 
tissue culture fluid. 

In studies to determine the origin of these antibodies, the cells were carefully 
washed prior to being suspended in the culture medium, decreasing but not cn- 
tirely ruling out the possibility of carrying over antibody from t,he patient,‘s 
plasma. This possibility can be further excluded by t,he fact that very low titers, 
if any, were found in the culture fluid removed during the first day of culture. 
The time-response curve shows a peak at the third to fifth day and then a slow 
decrease in antibody content. The shape of this curve roughly resembled the time- 
response curve as obtained with the percentage of tra,nsformed cells under the 
influence of a,ntigen. This peak with both the percentage of blast cells and the 
amount of antibody released suggests a relationship between the two phenomena. 
This timing is also in good accord with the general sequence of a secondary im- 
munologic response. Our technique did not allow us to determine definitel~~ if 
these antibodies are preformed in vivo, adhering to the cell wall, or contained in 
the cytoplasm and then subsequently released into the medium during the cellular 
metamorphosis, or, as a last possibility, if there was active antibody synthesis. 
It must be pointed out that, although the addition of PHA produces a. large 
percentage of blast cells from lymphocyte cultures of patients allergic to rag- 
weed or penicillin, no antibody was detectable in the culture fluid bv the monkc> 
ileum technique. Previously, other workers63 I7 were able to demonstrate active 
gamma-globulin synthesis during this cellular metamorphosis. Therefore, it is 
tempting to assume that the large cells observed are indeed antibody-forming 
cells. Richardson and DuttonZO showed that in vitro antibody-forming cells ap- 
pear only after many cells can be shown to be proliferating in response to anti- 
gen, suggesting that the blast cells are directly involved in synthesizing anti- 
bodies. 
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In the experiments described above, sensitization of the monkey ileum strip 
was accomplished by bathing the strips in the cell culture fluid in a. test tube for 
12 minutes at 3’7O C. This sensitized tissue was then suspended in the Schultz- 
Dale apparatus and antigen added. In some instances, the tissue culture fluid 
was added directly to an unsensitized strip suspended in the muscle bath. Con- 
traction of the muscle occurred in six of the seven experiments. These contrac- 
tions might be attributed to the presence of antigen-antibody complexes in the 
fluids, or other smooth muscle contra.ctants released during growth of the cells 
in the presence o’f antigen. The fact that fluid heated at 56’ C. for 4 hours did 
not produce contractions suggests that antigen-antibody complexes could well 
be responsible for the reaction. 

Another possibility is the fact that a small number of polymorphonuclear 
cells are also present in the tissue culture fluid and the addition of the specific 
antigen could release histamine from the leukocytes into the fluid and cause a 
contraction when added to the unsensitized gut. The contraction could not be 
due to histamine release, as histamine is not inactivated when heated at 56” i’. 
for 4 hours. 

The technique of lymphocyte culture with its many va,riables is not yet com- 
pletely standardized or understood and cannot be used routinely for diagnosis 
of hypersensitivity. However, the method is extremely sensitive, since only a 
very small amount of antigen is needed to stimulate the cells. In some cases, 
penicillin concentration as low a.s 50 units per milliliter induced transformation 
of sensitized cells. With the penicillin system, we learned that, if the patient 
is still receiving the antibiotic when the blood is drawn, several washings of the 
cells may not be enough to remove completely the antigen coating the cells. In 
fact, in the control samples of such lymphocyte cultures we sometimes observed 
a percentage of transformed cells higher than expected. These observations illus- 
trate the high sensitivity of this technique but also emphasize the problem of 
unknown stimulatory factors which may be present in the patient’s serum. 

Finally, concerning the practical use of t.his technique, a few other limiting 
factors must be considered. According to our experience, some chemicals such as 
quinine or sulfonamides exhibit a cytotoxic effect on lymphocytes even when 
used in very low concentration, limiting their use as provocative antigens. Ot.her 
drugs such as cl~lorampl~enicol” ma,v exhibit an inhibitory effect on the cell 
division. Finally, WC have observed that several bean extracts, belonging to the 
family of legumes, have a nonspecific stimulatorp effect on lymphocytes in cul- 
ture, similas to that of phytohemagglutinin. This prop&y must be remembered 
when using antigens of pla.nt origin. 

Some of the monkeys used in these studies wcrc kindly supplied by Dr. Leon Schmidt of 
the National Primate Center, Davis, California. 
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