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INTRODUCTION

At the VIILIth International Congress of Leprology in Rio de
Janeiro in September 1963, the members of the Panel on Lepra Reac-
tion expressed the opinion that this type of reaction is mediated by
some as vet obscure form of hypersensitivity. They recommended that
intensive immunologie research be undertaken to eclarify the patho-
genesis of the reaction (*°). It is generally believed that the clinical
and histologic manifestations of leprosy refleet various degrees of
host resistance against infection with Mycobacterium leprae (*7). In
reality, however, nothing is known about the nature of this resistance.
Failure of leprosy bacilli to multiply, following inoculation, may be
the result of either native or acquired characteristies of host tissue or
of a combination of both. As in other myeobacterial infections, there
is no evidence that resistance to Hansen’s bacillus depends on participa-
tion of ordinary cireulating antibodies ('), The existence of an
infectious type of hypersensitivity in tuberculosis and its relation to the
pathogenesis of the disease have been firmly established and well
deseribed (**). The Fernandez reaction (*) seems to be the only evi-
dence that can be adduced in support of the view that this tyvpe of
hypersensitivity is involved in leprosy. One of the characteristies of
the infectious tvpe of hypersensitivity is the frequently corroborated
observation that antigens identical with or similar to the engendering
proteins exert toxie effeets in vitro on cells of hypersensitive, but not
of normal individuals (* * ' = *=5) In addition, it is well known
that this type of hypersensitivity can be transferred from hypersensi-
tive individuals to normal individuals of the same or another species
with cells subject to the toxie effects of the antigen (* % 1% 14 59)

There is some evidence that mononuclear leucoevtes of tuberculin-
sensitive guinea-pigs are metabolically more active than cells of the
same kind obtained from mormal animals (**). In vitro addition of
antigen does not seem to alter the respiration of leucoeytes of sensitive
animals (" *°). With the exception of successful heterologous passive
transfer of hypersensitivity to antigens of Mycobacterium leprae-
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murium by Wallace (*'), there is no information on immunologic and
metabolic characteristics of mononuclear cells of animals infected with
this mieroorganism.

The experiments reported in this publication deal with homologous
passive transfer of sensitivity to mycobacterial antigens with living
cells of guinea-pigs inoculated with the bacillus of rat leprosy, and the
toxic effect of a mycobacterial antigen for migrating cells of explants
from their spleens. A later publication will deal with the effects of
such antigens on the respiration of their mononuclear leucocytes.

MATERIALS AND METHODS

Mycobacterial antigens.—Myecobacterium phlei, Mycobacterium species 607 and
Mycobacterium bovis (BCG strain) were grown on the surface of Proskauer-Beck
medinm for 4 weeks in the case of the mammalian organism and for one week in the
case of the saprophytes. The surface growth was removed to a mortar by means of a
large wire loop and ground in normal saline. M. lepraemurium suspension was pre-
pared from subeutaneous lepromas of C;; black mice infected three months previously
with the Hawaiian strain of the mieroorganism. The lepromas were minced with a
pair of scissors and ground in a mortar with sterile sea sand with addition of Hanks’
balaneed salt solution (BSS). The resulting tissue-bacterial suspension was centrifuged
at 50°C and 1,000 to 2,000 r.p.m. until acid-fast stains of the supernatant contained
mainly acid-fast bacteria and a minimum of tissue fragments.

A suspension of DM, leprae was prepared in the same manner, except that the
source of this material was liver from a ease of lepromatous leprosy.

The bacterial cells were treated in a Raytheon sonie oscillator, model D ', at 10 K C
until only oceasional acid-fast particles could be found.

After this treatment the preparations were centrifuged at 4,000 X G at 5°C for
45 minutes. The supernatants were removed and dialyzed against distilled water at
5°C for 72 hours. The antigen-containing solutions were sterilized by Seitz filtration.
Nitrogen determinations were earried out by microkjeldahl analysis, using steam dis-
tillation. The following amounts of nitrogen were found in 0.1 ml. of the respective
antigens, the amount used for skin testing:

Antigen Mgm. N/0.1 ml.
Phlei 0.022
607 0.036
Leprae 0.033
BCG 0.010
Lepraemurium 0.003

Inoculation of guinea-pigs—Mature albino guinea-pigs of cither sex were used as
donors of normal and sensitive eells. Animals serving the latter purpose received two
subeutaneous inoculations of approximately one billion M. lepraemurium one week apart
from 3 to 4 months prior to cell harvest. The suspensions of M. lepraemurium were
prepared from mouse lepromas as deseribed above. Baeterial counts were made by a
method similar fo that deseribed by Shepard (*!). Approximately one week before use
these gninea-pigs were skin-tested with the myeobacterial antigens and with 0.005 mgm.
of PPD. The results of skin tests on inoeulated animals are summarized in Table 1.
Normal guinea-pigs did not respond with typical reactions to any of these antigens.

Mononuclear cells from peritoneal exudates.—Normal guinea-pigs and guinea-pigs
inoculated with M. lepraemurium, which served as donors of mononuelear cells in passive
transfer studies, were given 15 ml. of a light paraffin oil intraperitoneally 48 hours before
cell harvest. Their peritoneal cavities were washed out with BSS containing 0.03 per
cent of heparin and 0.5 per cent of bovine albumin. The washings were added to
separatory funnels to separate them from the paraffin oil. The pooled washings were
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added to siliconized 250 ml. eentrifuge tubes and centrifuged for 10 minutes at 1,000
r.p.m. The supernatants were drawn off and disearded. Following resuspension in BSS
and recentrifugation, the eells were transferred with siliconized ecapillary pipettes to
siliconized serew-capped tubes and resuspended in BSS. Reeipient guinea-pigs received
intraperitoneally 2 ml. of this suspension, containing approximately 250-400 million
cells. The cellular composition of these suspensions, determined from Wright-stained
preparations, was as follows: monoeytes, 50-80 per cent, lymphoeytes, 20-50 per cent,
granuloeytes, 1-3 per cent, Viability was determined by supravital staining with neutral
red and Janus green (**). Most eells appeared viable.

Splenie cells—Spleens of sensitized and normal guinea-pigs were mineed in BSS.
The homogenate was centrifuged for 10 minufes at 1,000 r.p.m. The upper grayish-
appearing eell layer was removed to 15 ml centrifuge tubes. Following eentrifugation
for 10 minutes at 1,000 r.p.m. the supernatants were disearded and the eells resuspended
in BSS. Recipient guinea-pigs reeeived an intraperitoneal injection of 2-3 ml of fhis
suspension, containing approximately 0.5 ml of packed cells,

Cytotoxicity experiments—Washed spleens of sensitized and normal guinea-pigs
were ceut into pieces 1 to 2 mm. wide. After repeated washing in cold BSS they were
transferred with eapillary pipettes to the flat surface of Leighton tubes and 1.0 ml. of
fresh normal guinea-pig plasma was added. If exposure to antigen was desired, the
added plasma contained phlei antigen at a concentration of 0.022 mgm. N per ml.
Explants of the spleens of normal and of sensitive guinea-pigs in the presence and
absence of added antigen were incubated for 24 hours at 37°C. Micrometer measure-
ments of the width of the zone of ecell migration were then made on the four edges of
each explant. For each explant the average distance of migration was determined from
these measurements and expressed in micrometer units. One micrometer unit equals 20
microns,

RESULTS

The data summarized in Table 1 show that after inoculation with
M. lepraemurium, guinea-pigs develop delayved-type eutaneous reactiv-
ity to soluble antigens prepared from M. lepraemurium, M. species 607,
M. phlei, and M. bovis (BCG), as well as toward PPD. The M. leprae
antigen failed to elicit skin reactions. It does not seem warranted to
conclude that there is no cross sensitization between M. leprae and
M. lepraemurium. The high nitrogen content of the lepra antigen may
be misleading, since it is not known how much of this was contributed
by the bacteria. It seems not unreasonable to suspect that most of the
nitrogen in this preparation was derived from human liver. The skin
reactions with phlei antigen were strongest and least variable. There-
fore this antigen was used in the eytotoxicity studies.

TasLe 1.—Skin reactions of guinea-pigs inoculated awith M. lepraemurium to soluble
myecobacterial antigens.

Means of average
No. of animals No. positive diameters of
Antigen tested reactions | reaction in mm. at 24 hrs,

M. lepraemurium 16 14 11 = 4

M. leprae 16 0 =

M. species 60T 9 4 G

M. phlei 16 16 27+ 3

M. bovis (BCG) 16 16 24 + 6

PPD 4 4 14 + 3
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Tapre 2—Nwmber of skin-reactors to mycobacterial antigens 48 hours after homologous
transfer of living cells from guinea-pigs inoculated with M. lepracmurinm,

Antigens
M. leprae- |
Material transferred M. leprae wrinm M. bovis (BCG) M. philei

Peritoneal cells of n . ]| . 0 B 7 []2;_3-)" -“i'_flli = 2J-_
inoeulated guinea-pigs 3 ' 8 9 7
Peritoneal cells of 0 0 0 0
normal gninea-pigs 1 4 4 4
Splenie eells of | 0 0 4(9+4) 7T(13 = 4)
inoculated gninea-pigs 7 | 9 7 7
Splenie eells of | 0 | 0 : 0 [ 0
normal gninea-pigs -+ | 1 | 4 | 4

. "“"'I"if of n'a-l-lmj.q_

number of recipients tested
"Means of average diameters of positive reactions in mm. at 24 hours.

The results of the passive transfer experiments are summarized
in Table 2. Recipients of peritoneal macrophages and splenie cells of
inoculated guinea-pigs reacted regularly to skin test with phlei antigen
48 hours after cell transfer. Their skin reactions at 24 hours were
larger than those elicited by BCG antigen. In addition, this antigen
did not evoke positive reactions in all recipients of sensitizing material,
particularly the ones that had received splenie cells. Neither leprae nor
lepraemurium antigen caused skin reactions in guinea-pigs that had
received cells of infeeted donor animals.

In view of the data presented in Table 1 it might be concluded that
the lepraemurium antigen was too weak to elicit reactions in passively
sensitized guinea-pigs, since it caused only comparatively small reac-
tions even in the actively sensitized cell donors. On the basis of the
same reasoning the negative results with leprae antigen are not
surprising.

Recipients of cells from normal guinea-pigs did not react to cuta-
neous injections of any of the antigens. These results clearly show
that the sensitivity of guinea-pigs against mycobacterial antigens fol-
lowing in the wake of inoculation with M. lepraemurium, can be trans-
ferred to normal guinea-pigs with living mononuclear cells of induced
peritoneal exudates and with their splenie cells.

The results of the eytotoxicity experiments are summarized in
Table 3. This table lists, for explants of 6 normal and 6 sensitive ani-
mals, in the absence and presence of antigen, the cell migration in
micrometer units and the number (n) of explants of each spleen from
which the distance of migration was calculated. For each of the six
experiments listed a migration index was calculated by dividing the
distance of migration in the presence of antigen by the distance of
migration in the absence of antigen. This was done so that account
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TapLe 3.—Effect of phlet antigen on cell migration from splenie explants of normual
guinea-pigs and  guinea-pigs inocwlated acith M, lepracmurinm.

Migration® with Migration® with- Migration
antigen n"

out antigen n" index

Explants from normal guined-pigs

39.0 G 34 G 1.1
20.8 S 215 11 0.9
28.8 G 23.1 + 1.2
25.6 7 23.9 7 1.1
38.1 7 272 4 1.4
46.1 G 45.6 3 1.0
Feplants from inoculated guinea-pigs

24.2 9 27.3 6 0.9
14.7 3 33.8 7 0.4
174 8 22,9 3 0.8
146 (§ 22.2 3 0.7
18.6 5 425 8 0.4
319 2 36.7 2 0.9

“migration in micrometer units — 2 microns per unit,

'n = number of explants.

could be taken of any toxic effect the antigen might have for cells
migrating from explants of normal gninea-pigs.

From the migration indices shown in the table mean values for
both the normal (X:) and sensitive (X:) explants were caleulated. The
statistical significance of the difference between the mean values of the
migration indices for samples of this particular size was caleulated
according to Student’s t-test. The following equation was used:

s Y T) f (N1+N2_2)N1'N:
(AR5 l/ (Ni+ N2) [= (X —X0)2 + = (X — X2)2]
where:

X, = individual migration indices of normal explants

el

X: = individual migration indices of sensitive explants
X, = mean of normal migration indices (1.1)

X. = mean of sensitive migration indices (0.7)

N1 = number of spleens of normal animals (6)

N: = number of spleens of sensitive animals (6)

When the values listed are substituted for symbols in the formula,
t is caleulated as 3.7. The p value is <0.01.

This analysis shows that the differences of migration indices
observed between sensitive and normal explants are statistically sig-
nificant. Therefore it must be concluded that the low migration indices
of the sensitive explants resulted from inhibition of cell migration by
antigen. In the absence of antigen there was no significant difference
in cell migration from the spleens of normal and infected animals. In
addition there was no significant effect of the antigen on cell migration
from explants of normal animals,
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DISCUSSION

Guinea-pigs, after inoculation of M. lepracmurium, seem to develop
delayed-type hypersensitivity not only to lepraemurium antigen but
also to other mycobacterial antigens. This observation tends to con-
firm the well-known concept of cross-reactivity among mycobacterial
antigens. The notion of phylogenetic relationship of all mycobacteria
rests in part on cross-reactivity obtained with their proteins in infected
hosts. This subject has been reviewed by Xalabarder (**). There is not
much reason to believe that the results of antigenic analysis depending
on formation of visible precipitates must concur with those based on
delayed-type cutaneous reactivity of infected hosts. Precipitate forma-
tion is limited to the presence of interacting molecules at optimum pro-
portions. Delayed-type sensitivity, on the other hand, is independent
of precipitating antibody, and cutaneous responses can be elicited with
any amount of antigen greater than an individually variable minimumn.
The mycobacterial antigens in the present study were protoplasmic
fractions of acid-fast bacilli disrupted by mechanical means. Larson
et al. (**) have shown that this fraction, unlike cell-walls, does not pro-
duce lesions in the skin of normal animals. This also was our observa-
tion, except in some instances where phlei antigen caused a papular
lesion in the skin of normal guinea-pigs. These papules appeared soon
after injection of antigen and did not exceed 3-5 mm. in diameter.
They were never found surrounded by an infiltrated, erythematous
zone. These lesions were sufficiently distinet from hypersensitivity
reactions to preclude confusion. Our experiments show that living
mononuclear cells from peritoneal exudates and splenie cells of guinea-
pigs inoculated with M. lepraemurium can transfer to normal recipients
sensitivity to myecobacterial antigens.

Recently Najarian and Feldman (') accomplished transfer of
tuberculin sensitivity with labeled lymphoid cells. They found that the
transferred cells accumulated in great numbers at the skin-test site of
the recipients. They also observed this in transfer of contact sensi-
tivity to dinitrofluorobenzene (**). On the other hand, transferred anti-
homograft reactivity does not seem to require the presence of trans-
ferred cells at the reaction site (*>*). In view of these findings,
Najarian and Feldman concluded that tuberculin type sensitivity and
homograft reaction were accomplished by different immunologic
mechanisms. This may lead one to believe that intact donor cells are
indispensable for passive transfer of the delayed type of sensitivity
of the infectious and contact type. Nevertheless, some workers have
claimed successful transfer of these sensitivities with cell-free
extracts (* %),

As stated before, the toxie effect of antigen on host cells is con-
sidered a special attribute of infectious-type hypersensitivity. It has
been observed by many investigators (* ' # = 3) Tt should be
pointed out, however, that some workers failed to obtain evidence of
such an occurrence (****). The reasons for this diserepancy remain



32,3 Kirchheimer & Cook: Guinea-pigs Tnoculalcd with M. Lepracmurium 303

unknown. The present experiments show that phlei antigens inhibit
cell migration from splenie explants of guinea-pigs inoculated with
M. lepraemurium. Thornsberry and associates (**), studying the effect
of culture filtrates of heterologous microorganisms on the migration
of leucocytes from tuberculous guinea-pigs, found culture filtrates of
M. phler ineffective. It is not known what effect phlei antigen in a
concentration as high as that used in our experiments would have on
the migration of leucocytes of tuberculous guinea-pigs.

Because of the lack of knowledge in the arvea of hypersensitivity
in leprosy it is planned to extend investigation of the effect of myco-
bacterial antigen to blood buffy coat explants of patients with various
types and reaction states of leprosy.

SUMMARY

(Gfuinea-pigs, after inoculation with M. lepraemurium, develop
delayed-type hypersensitivity against antigens of the same and other
mycobacterial species. Typiecal, delayed-type skin responses could be
elicited with the soluble fraction of M. lepraemurium, M. phlei, and
M. bovis (BCG) prepared by treatment in a sonie oscillator, and with
PPD. Reactions to soluble fractions of 1. species 607 oceurred with
less regularity. Skin reactions were not obtained after use of a soluble
antigen of M. leprae. The failure might have been due to low concen-
tration of lepra antigen in this particular preparation.

Delayed-type skin reactions to phlei and BCG antigen could be
elicited in normal guinea-pigs 48 hours after intraperitoneal injection
of viable mononuclear cells from peritoneal exudations in guinea-pigs
hypersensitive to these antigens as a result of previous inoculation
with M. lepraemurium. Their splenic cells also were capable of trans-
ferring this type of hypersensitivity to normal recipient guinea-pigs.

(‘ell migration from splenic explants of guinea-pigs inoculated
with M. lepraemurium was significantly inhibited in the presence of
the phlei antigen.

RESUMEN

Los cobayos después de la inoculacién con M. lepraemurium desarrollan un tipo
de hipersensibilidad diferida contra los antigenos de las mismas y ofras especies de
mierobacterias. Tipieas respuestas de la piel de tipo diferida pueden ser incitadas con la
fraccion soluble del M. lepraemurium, M. phlei y M. bovis (BCG) preparados con el
tratamiento por un oseilador sénico y con P.P.D. Las reacciones a las fracciones solubles
de M. species 607 oeurren con menor regularidad. No fueron obtenidas reacciones de la
piel después de usar el antigeno soluble del M. leprae. El fracaso puede deberse a la
baja concentracién del antigeno leproso en esta preparacion en particular,

Las reacciones diferidas en la piel al phlei y al antigeno BCG, pueden ser indueidas
en los cobayos normales 48 horas despuds de la inyeceién intraperitoneal de celulas
mononueleares viables del exudado peritoneal, en eobayos hipersensitivos a estos antigenos,
como un resultado de la inoculacion previa con M. lepraemurium. Sus células esplenicas
fueron también capaces de transferir este tipo de hipersensibilidad a cobayos receptores
normales,

La migracion de ecélulas de explantes esplénicos de cobayos inoculados con el
M. lepraemurium fué significativamente inhibida en la presencia de antigeno phlei.
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RESUME

Apres noculation avee M. lepracmurium, des cobayes développent une  hyper-
sensibilité de type retardé anx antigénes de la méme espeee on d'autres espéces myco-
hactériennes, Des réactions cutandes de type retardé typiques peuvent étre provoguées
par la fraction soluble de M. lepracmurinm, de M. phiei et de M. boris (BCG) obtenues
par passage dans un oscillatenr ultra-sonique, ainsi qu'avee le PPD. Des réactions i
la fraction soluble de Myecobactéries sp. 607 surviennent moins régulicrement.

Aucune réaction entanée n'a été obtenue avee un anfigéne soluble de M. leprae.
L'échee peut avoir été du i la faible concentration d’antigéne léprenx dans la prépara-
tion, en caunse. Des réactions eutandes de type retardé i Pantigene de M. phlei et an
BCG ont pu étre obtenues chez des cobayes normaux 48 heures aprés Uinjection intra-
péritonéale de eellules mononueléaires viahles provenant d'exsundats intra-péritondéanx
de cobayes hypersensibles U ces antigénes suite 2 une inocilation antérieures avee
M. lepraemurium. Les cellules splénique de ees cobayes sont également capables de
transtérer ee type d’hypersensibilité i des eobayes normanx lorsqulils les recoivent.

La migration de cellules splénique explantées de cobayes inoenlés avee M. leprae-
murinm a été significativement inhibée par la prdsence d'antigéne phldigue.
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