In vitro CYTOTOXICITY

trol animals showed a considerably more ef-
fective antibody response to horse serum than
untreated controls. Bacterial infection, usual-
ly in the form of abscesses in the region of
the ablated thymus or broncho-pulmonary in-
flammation, was noted in all wasted animals.
A predominantly plasmacytic inflammatory
reaction and elevation of serum gamma glo-
bulin level were observed in most wasted neo-
natally thymectomized rats in spite of their
lymphopenia and splenic atrophy. The find-
ings suggest that bacterial infections, pre-
sumably acquired early in life, contribute to
the subsequent development of immunologic
deficiency and wasting in neonatally thymec-
tomized rats.

The able assistance of Julia Williams and Dolly
Houston is gratefully acknowledged. The author is
also indebted to Lucille Seguin and William Robin-
son for performing bacteriological tests.
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Since the early observations of Holst(1)
and the classic work of Rich and Lewis(2,3)
with tuberculin, an impressive body of evi-
dence has accumulated in support of the phe-
nomenon of in vitro toxicity of an antigen
for explanted cells from a donor exhibiting
delayed-type hypersensitivity. These so-
called cytolytic studies have been extended
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to a number of microbial delayed-type reac-.
tivities including streptococcal M substance
(4), histoplasmin(5), mumps antigen(6),
and brucellergin(7). The only investigation
using a haptenic system in which delayed
skin reactivity may be selectively engendered
was that of Everett et al who failed to note
any toxic effect on epithelial cells with 2,4
dinitrochlorobenzene or Rhus oleoresin(8).
There have been other such negative results
with microbial antigens where cells of epi-
thelial origin were used(9,10). All of these
cytolytic or cytotoxic studies have served as
the sole in vitro measure of delayed-type re-
activity.

The experiments to be described were de-
signed to observe whether leukocytes from
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animals with delayed-type contact hypersen-
sitivity would be affected by the hapten en-
gendering this reactivity and further, to
study the effects of a hapten on cells from
animals that had been rendered specifically
tolerant. For both of these purposes picryl
chloride (“PC1”; 2,4 6-trinitrochlorobenzene)
served as the hapten.

Materials and methods. Animals. Random-
ly bred, albino guinea pigs$ weighing 300-
400 g were housed 3-4 to a cage, fed oats,
guinea pig chow, chopped cabbage and kale,
bedded on timothy hay and maintained at
72°F. Where indicated, all animals were sen-
sitized to PCl by a multiple intradermal in-
jection scheme(11). Immunologic unrespon-
siveness or tolerance to PCl was induced
after the method of Chase by daily oral ad-
ministration of 0.3 ml of a 1% solution of
PCl in corn oil by infant plastic feeding
tube(12,13).

Skin tests were made 2 weeks after the
last sensitizing dose; hypersensitive, fed, and
normal animals underwent this procedure.
Skin test doses consisted of a standardized
drop of 1%, 0.3%, and 0.1% PCl in olive
oil plus a fourth site for the olive oil vehicle
(toxicity control) each on a separately
clipped and shaved skin site on the flanks.
After 24 hours the hair bridge separating the
2 sites on each side was removed, the areas
washed with warm soapy water and the reac-
tions scored at 24 and 48 hours on the basis
of induration and color(11). Normal control
animals were either injected with saline or
fed with corn oil alone. All control animals
were skin tested.

Any guinea pig selected to be a cell donor
was either a ++-4+ or a 44—} = reactor
from the sensitized group or a negative or
faint trace reactor in the unresponsive group.
All control animals were negative to PCl.
Thus in the experiments to be described the
cells were from donors which exhibited
marked delayed-type skin response to PCl
(sensitive group) or showed no reactivity to
PCl (fed-tolerant and normal groups). No
animal was used as a cell donor until at least
2 weeks had elapsed since the last skin test.
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Frequently this was a matter of one or two
months. Once established, both unrespon-
siveness and sensitivity are durable for many
months in spite of the absence of the anti-
gen and no antipicryl antibody is produced
(14).

Cell suspensions: All glassware used in
handling of cells was siliconed| and sterilized
in a steam autoclave, Normal, sensitive and
tolerant animals were killed by bleeding from
the heart with a 20-gauge needle and sy-
ringe. The abdominal surface of the guinea
pig was clipped, washed with soap and water
and sponged with alcohol. The axillary, mes-
enteric and inguinal lymph nodes were dis-
sected out under sterile conditions, trimmed
free of fat and placed in a petri dish con-
taining 20 ml of Hanks-Basal Medium
Eagle’s solution (H-BME).T After rupturing
the nodes and teasing out the cells, the leu-
kocyte-rich fluid was centrifuged at 2000
rpm for 15 min at 4°C in a conical bottom
centrifuge tube. Decanting the supernatant,
the cells were resuspended and washed twice
in 10 cc of the nutrient solution. The final
cell button was resuspended in 2 ml of H-
BME solution and after counting the cells,
20 tubes for each animal were prepared to
contain 10°% leukocytes (92% lymphocytes)
in 5 cc of H-BME supplemented with 5%
normal guinea pig serum previously heated
to 56°C for 35-45 min. Thrice-recrystallized
PCl in saline(11) was added to the cell sus-
pensions in 0.2 cc amounts containing 25,
10, 5, 2, 1, or 0.3 pg. The 3 higher concen-
trations proved to be non-specifically toxic
to normal cells although there were clear dif-
ferences between them and hypersensitive
cells. The lowest amount was found to cause
no discernible effect on cells secured from
normal or sensitive donors, when studied un-
der the conditions noted.

Each of the 16 X 150 mm screw cap tubes
was placed in a roller drum (0.25 rpm) at
37°C. At zero time (PCl addition), at 15
minutes, and at hourly intervals for 4 hours,
4 tubes per cell donor animal were removed
and the cell suspension transferred to 15 cc
conical bottom tubes. After centrifugation
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TABLE 1. Effect of PCl on Lymphocytes from
Normal and Hypersensitive Guinea Pigs.

Avg Axc
Length of  Avg Axc 11 hyper-
incubation 12 normal sensitive Prob-
(hr) guinea pigs* guinea pigst ability
-1 0 0 —_
0% 0 0 -—
+14 -1.54 3.36 1-29%
1 2.14 10.05 <1.0%
2 4.55 18.80 <1.0%
3 7.80 32.40 < 1%
4 12.10 36.10 < 1%

Each value represents quadruplicate samples for
each cell donor at each time period, yielding a
total of

* 48 samples and
t 44 samples respectively.

} 2 ug PCl/saline added to cells,

at 2000 rpm for 10 minutes at 4-5°C the
cells were resuspended in 0.5 ml H-BME for
total cell counts and viability determinations
using trypan blue(15). Anti-PCl antibody
was sought for in cell donor’s serum by pre-
cipitin and Ouchterlony techniques(16) using
PCI-BGG conjugate(11). No antibody to
PCl could be detected.

Results. Total cell counts were unreliable
as an index of the cytotoxic phenomenon,
since under phase microscopy there were in-
tact but presumably non-viable cells after
contact with PCl. Accordingly, the differ-
ence of per cent viability of “sensitive” or
“tolerant cells” vs “normal cells” in the pres-
ence of the PCl was determined in quadrupli-
cate for each animal at each of the indicated
times. The results are expressed as the delta
values (Aac) for each time period. This was
calculated by subtracting the average per
cent viability of cells maintained in the pres-
ence of antigen (A) from similar viability
counts of replicate cell suspensions in the ab-
sence of antigen (C) for each animal.

% CELLS VIABLE — [(NO. CELLS EX-
CLUDING TRYPAN BLUE)/(TOTAL
CELLS)] X 100

DELTA (A) = % CELLS VIABLE WITH-
oUT PCt MINUS % CELLS VIABLE
WITH PCl

DELTA (A) = 90%-50%

DELTA (A) = 40

Repeat viability determinations were with-
in 7%. The data presented are the average
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figures for 12 normal, 11 hypersensitive and
8 tolerant or unresponsive animals. Addi-
tional data on specificity are from 4 normal
and 4 hypersensitive animals.

The data (Table I) indicated that while
PCl did alter the cell population of both
normal and hypersensitive cells there was a
rather prompt effect on sensitive cells result-
ing in about a 10% death rate at one hour.
However at 2 hours (p<0.01) and 3 and 4
hours (p<0.001) a significant death rate
had occurred in the sensitive cell groups,
suggesting that prolonged exposure might be
required or, more probably, that of those
cells that were truly competent in the total
cell population of each animal, there were
varying degrees of ‘“susceptibility” to the
PCl. Control suspensions of sensitive leuko-
cytes in the absence of antigen behaved as
normal cells during the time they were ob-
served.

The tolerant cells (derived from those pre-
fed guinea pigs known to be specifically un-
responsive to PCl after a course of sensitiza-
tion) were then subjected to the identical
test system. The data (Table II) indicated
that these cells were not affected by the PCl
(p<0.001).

If these observations were to have mean-
ing, a heterologous but similar hapten should
exert no effect on the cytotoxic system. To
study this possibility 2,4 dinitrochloroben-
zene (DNCB) was chosen as a suitable sub-
stance to test. Twice recrystallized DNCB
in the same amount as in the PCl experi-
ments was added since the ratio of haptenic
molecules/cell numbers would be about the
same. The results (Table TIT) showed that

TABLE II. Effect of PCl on Lymphocytes from
¢ Unresponsive’’ and Hypersensitive Guinea Pigs.

A.Vg Aac AVg Axc
Length of un- hyper-
ineubation responsive sensitive Prob-
(hr) guinea pigs  guinea pigs ability
-1 0 0 —
0* 0 0 -—
+14 10 3.36 5-10%
1 .02 10.05 <.1%
2 3.64 18.80 <.1%
3 3.92 32.40 <.1%
4 12.05 36.10 <.1%

* 2 ug PCl/saline added to eells,
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TABLE I1I. Effeet of DNCB and PCl on Cells of
PCl-Sensitized Guinea Pigs.

Length of
incubation Delta s¢ Delta ¢ Prob-
(hr) with DNCB  with PCl ability
-1 0 0 —
0 0* 0t —
+14 -1.5 3.36 5-109%
1 -1.7 10.05 <.1%
2 - .5 18.80 <1%
3 2.0 32.40 <.1%
4 4.6 36.10 <1%

* 2 ug DNCB/saline added to cells.
t 2 ug PCl/saline added to cells.

cells derived from markedly PCl sensitive
guinea pigs were not injured by DNCB and
were essentially the same as normal cells
(p<0.001).

Discussion. These experiments have indi-
cated that cells secured from guinea pigs ex-
hibiting marked delayed-type skin reactivity
to a hapten, PCl, are killed but not neces-
sarily lysed at a faster rate and in greater
numbers than cells from a normal animal
when exposed to PCl in an in vitro suspen-
sion system. Lymphoid cells of guinea pigs
rendered specifically unresponsive to PCI
were not affected by this antigen under iden-
tical in vitro conditions.

While it was appreciated that only some
proportion of cells from the sensitive animals
could be expected to be competent with re-
spect to PCl sensitivity it was expected that
any effect PCl would have in the in wvitro
system would probably be prompt and that
no continuing effect would occur. However,
the results indicated that while there was a
prompt killing of some cells it is quantita-
tively small, The maximum effect appears to
occur after 2 hours. Several more experi-
ments not reported here were carried on to
8 hours but there was no further significant
effect.

The cytotoxic effect observed with this
hapten occurred in a rather restricted range.
Two and one-half times the amount reported
here killed normal cells, but significantly less
than “sensitive” cells, while 5 or 1214 times
caused some lysis and little discernible dif-
ference between cells from normal and hyper-
sensitive donors. These data are interpreted
as the manifestation of inherent toxicity of
PCL
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Cell suspensions were chosen for this study
rather than the explant technique because it
is not usually possible thoroughly to wash
cells in lymphoid tissue fragments or nodes
and a number of materials, especially anti-
body, if present, are free to react. Further,
the latter method measures cell migration
and it is not certain if the cell types, prin-
cipally fibroblasts and macrophages, that are
being measured are truly involved in the in
viv0 circumstances.

There have been some conflicting views on
the necessity for complement in this or re-
lated phenomenon. Miller and Favour and
their colleagues have suggested that comple-
ment is required(17) and that a plasma fac-
tor mediates cytolysis(18,19). However,
Waksman(20) and Wesslen(21) have not
found complement or a plasma mediator to
be involved. In these experiments all serum
added to the H-BME solution was heated
and the cells thoroughly washed. Consequent-
ly it was unlikely that complement could be
implicated. Similarly no antipicryl anti-
bodies were found to be participating in the
cytotoxicity.

In pilot studies using H3PCI it was deter-
mined that there was a small (not greater
than 10% of the total) amount of PCl that
became conjugated to the guinea pig serum
in the maintenance solution. However it is
not known whether the free or the conju-
gated PCl was the effective antigen. The re-
ported cytotoxicity to PCl appears to be a
remarkably specific one since DNCB caused
no effect on the cells from hypersensitive
donors.

Lymphoid cells from animals rendered
specifically tolerant to PCl were not affected
in vitro by PCl. These data appear to cor-
roborate the earlier suggestion that the im-
munologic defect in unresponsiveness is ex-
pressed as a failure of cellular participation
(14,22). This would be consistent with the
findings in immunologic paralysis to pneumo-
coccal polysaccharide(23,24) and tolerance
resulting from protein overloading(25).

These results appear to be consonant with
the observations of Kirchheimer and Weiser
who were unable to demonstrate cytolysis to
tuberculin when sensitive cell donor animals
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had been desensitized(26). While their re-
sults are similar to the data reported herein
utilizing cells from tolerant animals, the
mechanisms by which cells are rendered inert
in the two situations make further specula-
tion unwarranted.

Summary. Picryl chloride was found to
exert a lethal effect i vitro on leukocytes,
principally lymphocytes, from guinea pigs
exhibiting delayed-type skin reactivity to
this hapten in the absence of antibody and
complement. This reaction was found to be
immunologically specific. PCl caused no dis-
cernible effect on leukocytes from guinea pigs
rendered specifically tolerant to this sub-
stance.
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For many years the similarity of tracho-
ma-inclusion conjunctivitis (TRIC) viruses to
agents of the psittacosis-LGV group has been
evident on the basis of size, morphology, de-
velopmental and chemical characteristics and
the possession of a common “group” antigen.
The behavior of all these organisms in the
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commonly employed serologic tests (comple-
ment-fixation, neutralization) has been so
uniform that the antigenic expression of spe-
cies-specificity has been questioned. Such
species-specific antigens were first demon-
strated in the cell walls of meningopneumo-
nitis (MP) organisms by Jenkin(1l), but no
similar specific antigens have yet been ob-
tained from TRIC agents. The serologic re-
sults of Woolridge et al(2), which appeared



