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Use of streptokinase as a recall antigen for
lymphocyte proliferation testing in vitro

Lisa H. Youkeles, MD, Mohammed Y. Soliman, MD, and

David L. Rosenstreich, MD Bronx, N.Y.

The use of streptokinase (SK) as a recall antigen (Ag) for stimulation of human lymphocyte
proliferation in vitro was evaluated. SK is a potent stimulant, inducing a greater response than
three other Ags, tetanus toxoid, Candida albicans extract, or streptolysin. The optimum
stimulatory concentration is 1000 U/ml, and peak stimulation occurs between days 6 and 8.
Human cord-blood lymphocytes do not respond to SK, suggesting that it is an Ag and not a
mitogen. The response rate in an adult population was 82%, higher than the rate of two other
Ags tested (tetanus toxoid or Candida). These findings demonstrate the ability of SK to act as a
potent recall Ag for human lymphocyte proliferation in vitro. (J ALLERGY CLIN IMMUNOL

1991,88:166-71.)
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The in vitro proliferation of lymphocytes induced
by recall Ags remains a useful technique for evaluating
cell-mediated immunity.' Since lymphocyte respon-
siveness requires prior exposure to a given Ag, com-
monly used recall Ags for population studies have
included material derived from ubiquitous organisms
such as Candida albicans and Trichophyton, or pro-
teins such as TT to which individuals are immunized.
In the past, a very useful recall Ag was a mixture of
SK/SD, which was sold as a therapeutic agent but
widely used for in vitro studies. Analysis of in vitro
lymphocyte proliferation with a partially purified
30 kd component of SK/SD demonstrated a re-
sponse rate in humans of 50%.>* However, SK/SD
was withdrawn from the market in the mid 1970s.
Therefore, it was no longer available for in vitro
testing.
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Abbreviations used
SK/SD: Streptokinase/streptodornase
PBS: Phosphate-buffered saline
PHA: Phytohaemagglutinin
Con A: Concanavalin A
TT: Tetanus toxoid
MNC: Mononuclear cell
Ag: Antigen

SK is an enzyme produced by group C B-hemolytic
Streptococci that has a molecular weight of 46 kd.
Since the early 1980s, SK has been available for an-
tithrombolytic therapy of acute myocardial infarc-
tion.>” Several studies have evaluated its allergenic
potential and in vivo immunogenicity.*'® In a study
of 292 individuals, it was found to induce a delayed-
type skin reaction in only 11%.'' However, its use as
a recall Ag for stimulation of human lymphocytes
in vitro has not been fully evaluated. We have there-
fore analyzed the ability of commercially available
SK to stimulate in vitro human peripheral blood MNC
proliferation.

MATERIAL AND METHODS
Patients

Patients were chosen from the population of an adult
allergy clinic as well as a group of students, house officers,
and laboratory and clinic personnel. Ages ranged between
19 to 69 years. Patients had no prior allergic immunotherapy
and were not receiving oral corticosteroids or other im-
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FIG. 1. Time course of human lymphocyte response to SK
in vitro. Human peripheral blood MNCs were stimulated
in culture with 1000 IU/ml of SK. Cells were pulsed
and harvested on days 3 through 11. Results represent
the arithmetic means + SEM of data from 12 different
donors.

munosuppressive drugs. The study procedure was approved
by the Albert Einstein College of Medicine Institutional
Review Board, and informed consent was obtained from all
subjects.

Preparation of Ags and mitogens

SK was obtained from Hoechst-Roussel Pharmaceuticals,
Inc., Sommerville, N.J., containing 750,000 IU per vial.
A stock solution was prepared by diluting with tissue-culture
medium (RPMI 1640) to a final concentration of 100,000
IU/ml. This solution was then filter sterilized (0.22
wmol/L, Millex-Gv, Millipore Corp., Bedford, Mass.) and
stored in small aliquots (100 pl) at 4° C. TT (Lederle Lab-
oratories, Pearl River, N.Y.) was dialyzed against PBS over-
night, and the protein concentration was measured by a dye-
binding assay (Bio-Rad Laboratories, Richmond, Calif.).
Candida albicans and Trichophyton Ags (Hollister-Stier
Laboratories, Spokane, Wash.) were prepared in the same
manner. Streptolysin O (Difco Laboratories, Detroit, Mich. )
was prepared by reconstituting the powder in 10 ml of
RPMI 1640. The mitogens, Con A (Sigma Chemical Co.,
St. Louis, Mo.) and PHA (Wellcome Laboratories, Beck-
enham, England), were reconstituted in PBS and filter ster-
ilized.

Lymphocyte proliferation

Peripheral blood, 30 to 35 ml from each subject, was
drawn into a lightly heparinized syringe and mixed thor-
oughly. The blood cells were washed three times with PBS,
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FIG. 2. Dose dependency of human lymphocyte respon-
siveness to Streptococcal products in vitro. Peripheral
blood MNCs were cultured in the presence of SK and
streptolysin at various concentrations. Results represent
the arithmetic means + SEM of 39 individuals.

with the last PBS wash containing 0.03 mol/L of ethyl-
encdiaminetetraacetic acid. The prewashing procedure was
developed for other studies to remove platelet contamina-
tion. However, it was found to improve the reliability and
the magnitude of in vitro proliferative responses, and we
therefore used this method in these studies as well. The
blood cell suspension was overlaid on a Hypaque-Ficoll
density gradient ( Ficoll-Paque, Pharmacia Fine Chemicals,
Piscataway, N.J.) and centrifuged at 550 g at room tem-
perature for 35 minutes. The interface containing the MNCs
was aspirated, and the cells were washed twice with PBS.
Cells were resuspended at a concentration of 2 X 10°/mi
in RPMI 1640 tissue-culture medium containing 10% heat-
inactivated human serum, gentamicin (50 wg/ml), and L-
glutamine (2 mmol/L). The cells were dispensed into
96-well plastic plates (Linbro, Flow Laboratories Inc.,
McLean, Va.) at a concentration of 2 X 10° cells per well
in a volume of 0.1 ml.

Several experiments were done on human cord blood; 15
to 20 ml! of blood was collected from the umbilical veins
of normal, full-term, vaginal delivery placentae. Cord-
blood MNCs were prepared and cultured in a similar manner
as the peripheral blood cells.

Ags and mitogens were diluted into RPMI 1640 at various
concentrations immediately before each experiment and
were tested in triplicate. PHA and Con A were added in a
1 p.g/ml final concentration per well, and SK in 10, 100,
1000, and 10,000 IU/ml! of final concentration. Plates were
incubated at 37° C in a humidified atmosphere containing
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FIG. 3. Mean maximal stimulation response of peripheral blood lymphocytes to Ags and mi-
togens. Peripheral blood MNCs were cultured for 144 hours with multiple concentrations of SK,
TT (Tet), Candida (Can), or with Con A or PHA for 72 hours, and the maximum response for
each stimulant was determined. Results represent the arithmetic means = SEM of 27 to 43

patients. Mean baseline is 700 cpm.

7% CO,. Except where this is indicated, cultures were har-
vested after 144 hours. The cells were pulsed with 0.5 pCi
per well of tritiated thymidine (methyl-*H-TdR, New En-
gland Nuclear, Boston, Mass.) and harvested after 4 hours
of incubation at 37° C onto glass-fiber filter paper (M. A.
Bioproducts, Walkersville, Md.) with a semiautomated cell
harvester (Mash II, Microbiological Associates, Bethesda,
Md.). The filters were either air-dried overnight or dried
for 1 hour at 150° F, placed in a scintillation cocktail (ACS
11, Amersham, Arlington Heights, I1l.) and then counted in
a P-scintillation spectrometer (Beckman Instruments Inc.,
Fullerton, Calif.).

The arithmetic means of triplicate wells were calculated,
and the results were expressed as the Acpm (A cpm = cpm
Ag — cpm media).

RESULTS
Time course of human lymphocyte response
to SK in vitro

Human peripheral blood MNCs were cultured with
1000 U/m] of SK and harvested daily on days 3 to
11. Lymphocyte proliferation was first detectable after
5 days in culture, and maximum stimulation occurred

on day 6 (Fig. 1). The response decreased thereafter
but was still detectable as late as day 11.

Comparative dose dependency of SK
and streptolysin

Lymphocyte proliferation induced by four concen-
trations of SK (10 to 10,000 IU/ml) was determined
after 6 days in culture. Significant stimulation was
observed at an SK concentration as low as 10 IU/ml
and was maximal at 1000 IU/ml (Fig. 2). Streptolysin
was also tested since it has been reported to stimulate
human lymphocyte proliferation in vitro.'> > How-
ever, in our study, streptolysin was a very weak stim-
ulant with essentially no stimulation at concentrations
from 10 to 1000 IU/ml and only a minimal response
at a concentration of 10,000 IU/ml.

Comparative response of peripheral blood
lymphocytes to SK and other stimulants

To determine the comparative potency of SK, lym-
phocytes from a large number of individuals were
stimulated in culture with multiple concentrations of
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FIG. 4. Cord-blood lymphocyte response to Ags and mitogens. Human cord-blood MNCs were
cultured for 144 hours with several concentrations of SK, TT (Tet) Ags, or with the mitogens,
Con A or PHA, for 72 hours, and pulsed and harvested in the same manner as the peripheral
blood lymphocytes. The maximum response to each stimulant was recorded. Results represent
the arithmetic means + SEM of two experiments. Mean baseline is 700 cpm.

this Ag as well as two other Ags, TT and Candida
albicans extract. Proliferative responses were deter-
mined, and the maximum response at any concentra-
tion was used for calculations.

SK was a more potent stimulant than either of the
two other Ags, producing a mean maximal response
(Acpm) of 14,729 cpm, in comparison to a Acpm of
10,263 for tetanus toxoid and a Acpm of 7164 for
Candida (Fig. 3). The mean SK response was ap-
proximately 48% of the mean response to the T cell
mitogen, Con A, and 31% of the mean PHA response.

Umbilical cord-blood lymphocyte
response to SK

Human umbilical cord-blood lymphocytes were
cultured with SK to determine if it was acting as a
recall Ag or as a nonspecific mitogen. The cord-blood
lymphocytes were cultured for 72 hours with the mi-
togens, PHA and Con A, or for 144 hours with two
dilutions of TT (1 and 10 pg/ml) or four, tenfold
dilutions of SK (10 to 10,000 IU/ml). The cord-blood

lymphocytes did not exhibit any significant prolifer-
ation in response to SK or to TT (Fig. 4). In contrast,
these cells responded well to both T cell mitogens.

Response rate of an adult population to SK

The frequency of in vitro responsiveness to SK was
determined in a population of 39 adults (aged 19 to
69 years) who were without known immunodeficiency
disease and not receiving any immunosuppressive
drugs. A positive response was considered to be >2
SD over the baseline response (approximately a three-
fold stimulation); 82% of this population responded
to SK (Fig. 5). In contrast, the frequency of respon-
siveness to TT and Candida Ags was lower (58% and
65%, respectively). The SK response rate was almost
as high as that of the two mitogens, Con A and PHA
(86% and 93%, respectively). Among the seven SK
nonresponders, three did not respond to any Ag or
mitogen, suggesting that they were anergic. The re-
sponse rate among immunologically intact adults to
SK may therefore be as high as 89% (32/36).
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FIG. 5. Response rates to Ags and mitogens in an adult
population. Peripheral blood MNCs from 27 to 43 individ-
uals were cultured in the presence of multiple concentra-
tions of SK, Candida (Can), TT (Tet), PHA, or Con A, and
the maximum response to each was determined. Results
represent the maximum response of each patient to each
Ag. The dashed line ( - - - ) represents 2 SD over baseline,
and responses greater than this were considered to be
positive.

DISCUSSION

A potent and reliable recall Ag for in vitro lym-
phocyte transformation would be useful for evaluating
cell-mediated immunity.' Previously, SK was com-
bined with SD (SK/SD) and used in standard evalu-
ations for cell-mediated immunity by delayed cuta-
neous hypersensitivity testing, as well as for in vitro
studies.'* !> SK/SD, which is a potent recall Ag in
most adults, has not been freely available for at least
10 years, making a good substitute necessary. The
purpose of this study was to investigate the use of the
more recently available product, SK, in comparison
to more common in vitro Ags, such as TT, Candida
Ag, and streptolysin. Our results indicate that SK is
a potent recall Ag in vitro with a response rate of at
least 82% in a healthy adult population. This finding
was significantly greater than the response rates of TT
or Candida Ag, which were only 58% and 65%, re-
spectively. These findings suggest that SK should be
as useful as an in vitro recall Ag as was the previously
available product, SK/SD.

The failure of SK to stimulate cord-blood lympho-
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cytes supports the conclusion that it is acting as a
recall Ag and not as a nonspecific mitogen. Similar
findings have also been recently reported by Pabst
et al.'® who noted low to absent responsiveness to SK
and purified protein derivative in cord-blood cell prep-
arations. They also noted a gradual increase in lym-
phocyte SK responses as infants aged, supporting the
conclusion that SK is acting as a recall Ag.

Haverly et al."' previously reported that SK/SD
induced a positive delayed hypersensitivity skin re-
action in 21% of their patients, whereas SK alone
induced a positive reaction in only 11%, a response
rate significantly lower than the 82% positive in vitro
response rate we found in our study population. An
apparent discordance may therefore exist between SK
responsiveness in vitro and in vivo, the reasons for
which are not clear. One contributing factor is that
the two study populations were not comparable. In
the current study, all subjects were either normal or
ambulatory outpatients with allergies or asthma,
whereas subjects in the study of Haverly et al.!' were
all hospitalized and were selected because of a clinical
suspicion of a diminished cell-mediated immunity. In
fact, in their population, 40/292 (14%) were found
to be completely anergic. Another possible factor is
that the sensitivity of the in vitro assay is much greater
than delayed hypersensitivity skin testing. However,
preliminary results in our laboratory with a small num-
ber of volunteers indicate that the material we have
used in vitro induces large delayed-type skin reac-
tions. However, we have not yet tested a large enough
population to compare our results to results of Haverly
et al.

Alternatively, this dissociation between in vitro and
in vivo responsiveness may be real, perhaps because
lymphocytes that proliferate in vitro in response to
SK are not major participants in the in vivo skin re-
action. The finding of Tomar et al.’ that the major
antigenic protein derived from SK/SD was 30 kd in
size, whereas SK is 46 kd, suggests that other strep-
tococcal Ags may be involved in human cell-mediated
immunity and are responsible for delayed-testing hy-
persensitivity responses in vivo.

The determination of whether distinct proteins me-
diate delayed hypersensitivity and lymphocyte prolif-
eration will require additional experimentation, in-
cluding a larger population study with simultaneous
measurement of in vivo and in vitro responsiveness
to SK. However, whether or not SK itself is found to
be a good Ag for in vivo use, the findings of this
study indicate that it is a useful and reliable recall Ag
for in vitro lymphocyte proliferation testing.

We thank Ms. Judi Carlucci for her excellent secretarial
assistance in the preparation of this manuscript.
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