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susceptible humans. Regardless of the pos-
sible virulence of the present BKTC virus.
propagation of measles virus in this tissue
culture system may prove valuable as a means
of further modification. It would also permit
economical production of large quantities of
measles virus for use in either modified or
killed vaccines. Bovine embrvonic tissue
would be superior to monkey tissue since it is
more readily available and. to our knowledge.
contains no latent viruses: it further would
be superior to chick embryo tissues to which
many people are already sensitive.

Summary. 1. The Edmonston strain of
measles virus was propagated in BKTC for 20
passages, and produced a CPE typical of
measles, characterized by multinucleated
giant cells and ecsinephilic intranuclear in-
clusion. 2. Tdentification of this cytopatho-
genic agent was confirmed by neutralization
test with known measles immune serum. 3.
BKTC-propagated virus was inoculated intra-

FamLure 1o TRANSFER DELAYED TUBERCULIN SENSITIVITY

muscularly into susceptible cynomolgus mon-
keys without causing clinical illness, but the
virus could be recovered from throat and
blood. All inoculated monkeys developed
complement-fixing and neutralizing measles
antibody. The significance of these results is
discussed.
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Transfer of delayed cutaneous sensitivity to
tuberculin and to other materials with leuco-
cytes obtained from specifically sensitive don-
ors has been reported by Chase in the guinea
pig and by Lawrence in man(1). In animals.
the transfer of sensitivity is successful only
when intact leucocytes are employed. How-
ever, in man, it has been shown that the factor
in sensitive leucocytes concerned with transfer
of delayed sensitivity retains its activity fol-

* The opinions or assertions contained herein are
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construed as official, or reflecting the views of the
Navy Department or of the Naval Service at large.
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ley.

lowing leucocyte disruption and enzymatic
treatment(2). This finding has been con-
firmed recently by Freedman, Fisher and
Cooke(3). A valuable approach to the study
of transfer factor would be provided by trans-
fer of delayed sensitivity from man to animals
—particularly if leucocyte extracts could be
used. Lawrence, as well as Rammelkamp, and
Thomas and Stetson(4) have repeatedly at-
tempted to transfer tuberculin sensitivity to
guinea pigs and rabbits with intact as well as
disrupted human leucocytes obtained from
sensitive donors. Their results have been con-
sistently negative. The present study is based
on the assumption that species barrier in
transfer of sensitivity might be crossed more
readily within a closer evolutionary relation-
ship, as exists between man and the monkey.
This report describes a series of attempts to



FAILURE TO TRANSFER DELAYED TUBERCULIN SENSITIVITY

transfer delayed tuberculin sensitivity from
man to monkey, and from man to rabbit by
means of peripheral blood leucocytes obtained
from strongly tuberculin-sensitive human
donors.

Materials and methods. 1. Selection of leu-
cocyte donors and recipients. The staff of the
Naval Bioclogical Laboratory were screened
with a tuberculin patch (Vollmer). The most
sensitive reactors, each giving a raised, vesicu-
lar and intensely erythematous reaction at test
site 48 hours after application of the patch,
were selected as donors. These were subjects
H, T, C,and D. The recipients included 10
monkeys ( Macacus mulatta), weighing 2-7 kg
each, and 8 white male albino rabbits weigh-
ing 0.8-1.0 kg each. All animals gave a nega-
tive reaction to 0.1 ml of diluent sclution con-
taining 0.005 mg PPD (Purified Protein De-
rivative) (4) intradermally. 2. Isolation of
leucocytes. Each blood donation (400 ml) is
collected in a plastic Fenwal bag to which are
added 100 ml of aqueous solution containing
0.05 g/ml of bovine fibrinogen (Fraction I,
Armour). The bag contents are mixed, and
the bag suspended in incubator at 37°C for
45 minutes. Sedimented erythrocytes are dis-
carded, and the supernatant plasma suspen-
sion of leucocytes is collected in graduated
conical centrifuge tubes, and spun at 2000 g
15 minutes. Volume of packed leucocytes in
each tube is recorded, the supernatant plasma
is discarded, and the leucocytes pooled and re-
suspended in sterile pyrogen-iree normal sa-
line. 3. Methods of transfer. Three routes of
administration were employed to transfer tu-
berculin sensitivity with leucocytes collected
from 4 human donors. Several methods of
leucocyte preparation were used: a) Intrader-
mal and subcutaneous route. First method of
leucocyte preparation: 0.84 ml of leucocytes
from donor H were suspended in 4 ml of nor-
mal saline, and injected in 0.3 ml aliquots into
the left thigh of recipient monkey (R1). A
second monkey recipient (R2) received a
similar volume of H plasma. Second method:
0.375 ml of leucocytes from donor D, sus-
pended in 2 ml of normal saline solution, were
incubated at 37°C for 30 minutes with 1 ml
of normal saline solution containing 50 y
of PPD. 0.30 ml of resulting mixture (con-
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taining approximately 0.04 ml leucocytes)
were injected into the next 3 monkey recipi-
ents (R3, R4, RS). Third method: 0.375 ml
of leucocytes obtained from donor D, sus-
pended in 2 ml of normal saline solution, were
subjected to 7 cycles of rapid alternate freez-
ing (95% alcohol-dry ice mixture) and thaw-
ing (37°C water bath). One ml of normal
saline solution containing 50 y of PPD was
added to the disrupted leucocyte suspension,
and the resulting mixture was incubated at
37°C for 30 minutes. Following incubation,
0.30 ml of this material was injected intra-
dermally into 2 additional monkeys (R6 and
R7). b)) Intraperitoneal rvoute. 0.72 ml of
leucocytes obtained from donor 7' were sus-
pended in 13 ml of normal saline solution, and
injected intraperitoneally into monkey recipi-
ent (R8); another monkey (R9) received a
similar volume of 7" plasma intraperitoneally.
c) Intravenous route. 1.07 ml of leucocytes
obtained from donor C were suspended in 12
ml of normal saline solution, and adminis-
tered intravenously to final monkey (R10).
No untoward reaction was noted to any of the
methods of administration of human leuco-
cytes employed, with or without added PPD.
4. Concurrent study with rabbits. Two groups
of 4 rabbits each were included in this study.
The first group (Rabbits 1-4) each received
intradermal injections of 0.30 ml of D whole
leucocyte-PPD mixture described in section
3A. The second group (Rabbits 5-8) each re-
ceived intradermal injections of 0.30 ml of
disrupted D leucocytes-PPD  mixture de-
scribed in section 3A.

Results. Monkeys receiving whole leuco-
cytes, either intradermally, intraperitoneally,
or intravenously (R1, R8 and R10), as well
as control running mates (R2 and R9) were
tested intradermally with 0.005 mg PPD in
0.1 m] diluent solution, at 24 hours, and there-
after at weekly intervals for 5 weeks following
cell transfer. Neither test nor control animals
developed tuberculin sensitivity during this
period.

Monkeys which had receivd intradermal in-
jections of mixtures of intact leucocytes and
PPD (R3, R4 and R5), as well as the group
which had received intradermal injections of
mixtures of leucocyte extract and PPD (R6
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TABLE I. Attempted Transfer of Tuberculin Seusitivity to Monkeys with Human Leucocytes.

Skin reactivity to tuberculin after

Route of transfer, at:

Subject Material used for transfer administration 24hr 1wk 2wk 3wk 4wk 5wk
R 1 .84 mlintact lencoevtes Tntrad. & subeut. 0 0 0 0 0 0
R 2 Plasma from same donor  Idem 0 0 0 0 0 0
R 3 04 mlintact leucoeytes in- v — 0 0 - — —

cubated with tuberculin
R 4 Idem " — 0 0 — —— —
R 5 " ” — 0 0 — — —
R 6 .04 ml disrupted leucoeyxtes — 0 0 —- — —
incubated with tuberculin
R 7 Idem — 0 0 — — —
R 8 .72 mlintact lenvoeytes Intraper. 0 0 0 0 0 0
R 9 Plasma trom same donor " 1] ( 0 0 0 0
R10 1.07 mlintact lencocvtes 0 0 0 0 0 0

Tutrav.

and R7), were similarly skin tested one and
2 weeks after transfer. None of the animals
developed tuberculin sensitivity. The results
of this experiment are summarized in Table 1.

Rabbits which had received intradermal in-
jections of either mixtures of intact leucocytes
and PPD (Rabbits 1-4) or mixtures of leuco-
cyte extract and PPD (Rabbits 5-8) were also
skin tested with the same concentration of
PPD, one and 2 weeks after cell transfer. No
animals in this group developed reactivity to
tuberculin during this period. The results of
this experiment are summarized in Table 1I.

Discussion. Our results suggest that, within
the limitations of the experimental approach
employed, it is not possible to transfer tuber-
culin sensitivity from man to monkey or from
man to rabbit, by means of leucocytes ob-
tained from peripheral blood of specifically
sensitive donors. Despite variations in route
of administration and in method of treatment

of the leucocytes, all recipients remained tu-
berculin negative upon repeated subsequent
skin testing.

The significance of these results may be
weakened by the absence of specific informa-
tion concerning whether delayed sensitivity
can be transferred from monkey to monkey
by this method. However, as monkeys are
known to have the capacity to develop cu-
taneous tuberculin sensitivity(5), it is not
likely that this species would differ markedly
from guinea pig, rabbit, or man, in their re-
sponse to cellular transfer of sensitivity per-
formed within the species.

Summary. This report describes attempts
to transfer delayed sensitivity to tuberculin
to monkeys and to rabbits by means of peri-
pheral blood leucocytes obtained from sensi-
tive human donors. No such transfers were
obtained.

TABLE TI. Attempted Transter of Tuberculin Sensitivity to Rabbits with Human Leucoecytes.

Skin reactivity to
tuberculin after
transfer at:

Subject Material used for transter Route of admin. 1wk 2wk

1 .04 ml intact leucoeytes ineubated Intrad. & subeut. 0 0
with tuberculin

2 Idem Idem 0 0

3 ? ” 0 0

4 " ” 0 0

5 .04 ml disrupted leucoeytes incubated ” 0 0
with tuberculin

6 Idem ” 0 0

7 ” ” 0 0

8 " » 0 0
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In past years considerable experimental
work, initiated in laboratories of W. S. Tillet
(1), was undertaken to investigate the possi-
bility of dissolving intravascular thrombi in
humans by intravenous administration of
streptokinase (SK). These and other investi-
gators employed plasmin, prepared by activa-
tion of human plasminogen with SK, as the
lytic agent, and recently reviewed by Sherry
et al.(2). It is recognized that either form of
treatment may cause certain undesirable side-
effects(2) from induced hyperplasminemia,
among which may be listed (a) destruction of
fibrinogen and plasminogen, (b) destruction
of some components involved in blood coagu-
lation, (c) destruction of other physiologically
active polypeptides and (d) elevation of anti-
thrombin levels. Obviously it would be de-
sirable to prevent or minimize the untoward
systemic effects induced by hyperplasminemia,
without interfering with dissolution of the
thrombus. Epsilon-aminocaproic acid (e
ACA), first reported to be a plasmin inhibitor
(3), was recently shown by Ablondi and
Hagan(4) to be a far more potent inhibitor of
plasminogen activation. Subsequent studies
confirmed and extended this observation to
show that eACA inhibited both SK and

* We are grateful to P. K. Siiteri for preparation of
labeled fibrinogen, to J. J. Hagan for preparation of
plasminogen and to R. E. Clarke for valuable techni-
cal assistance. We also acknowledge continued inter-
est of Drs. B. L. Hutchings, Paul H. Bell and J. M.
Ruegsegger in this study.

urokinase activation of plasminogen(5,6).
Our more recent studies demonstrated that
e-ACA does not adsorb to a fibrin clot, a
situation analogous to that found by Johnson,
vide infra, for humoral inhibitors of fibrinoly-
sis. It seemed worthwhile, therefore, to de-
termine (a) the effect of e-ACA on dissolution
of a clot suspended in plasma and (b) its
simultaneous effect on plasminogen activation
in plasma. Our purpose here is to present
data which demonstrate that, under certain
conditions in vitro, eACA can effectively in-
hibit activation of plasminogen by SK in
plasma without markedly inhibiting the lysis
of a clot immersed in such plasma.

Methods. T'3'-labeled clots fortified with
plasminogen were prepared as follows: Twelve
cc of 0.9% saline were added to 1 cc aliquots
of human plasma followed by 0.1 cc of a solu-
tion of I'31-labeled fibrinogen prepared by the
method of Mihalyi and Laki(7). One-tenth
cc human plasminogen containing 4000 units
of proactivator(8), and prepared by the
method of Kline(9), was then added. Clot-
ting was effected at pH 7.4 by addition of
1.25 units of thrombin (Parke-Davis) in 0.1
cc volume. As clots formed they were col-
lected by carefully winding onto glass capil-
lary tubes (melting point tubes) to which
they became tightly fixed. As much fluid as
possible was squeezed from the adhered clot
by pressing against inner wall of test-tube.
The radioactive content of each clot was de-
termined in a well type scintillation counter



