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2 ,3 ,7 ,8 -Tetradow-p-d ioh  Kiss Immature 
Thymocytes by Ca2+-Mediated Endonuclease Activation 

Suspensions of thymocytes tiom young rats were incubated with 2,3,7,8-tetradom- 
dibenzo-p-dioxin (TCDD), which resulted in a sustained increase in cytosolic free Ca2+ 
concentration followed by DNA fragmentation and loss of d viability. Both the Ca2+ 
increase and DNA fragmentation were prevented in & treated with the inhibitor of 
protein synthesis, cycloheximide, and DNA fragmentation and cell killing were not 
detecd when cells were incubated in a %a2+-freen medium or pretreated with high 
concentrations of the calcium probe, quin-2 tetraacetoxymethyl ester. These results 
indicate that TCDD can kill immature thymocytes by initiating a dude  process 
similar to that previously described for glucocorticoid hormones. 

G LUCOCORTICOID HORMONES, CY- 

totoxic T lymphocytes, and natural 
killer cells all activate a process in 

target cells that is known as "apoptosisn or 
"programmed cell death" (1). Characteristic 
ofthis process is widespread chromatin con- 
densation, which has been related to the 
stimulation of an endogenous endonuclease 
that deaves host chromatin into oligonu- 
deosome-length fkgments (2). Recently we 
showed that an early, sustained increase in 
cytosolic CaZ+ concentration was critically 
involved in the activation of DNA fiagmen- 
tation in glucocorticoid-treated thymocytes 
(3). A protein synthesized in response to 
glucocorticoid stimulation appeared to ele- 
vate the cytosolic Ca2+ level in thymocytes 
by facilitating the influx of extracellular 
caZ+. 

The compound 2,3,7,8-tetrachlorodi- 
bcnzo-p-dioxin (TCDD) is the most potent 

Karohka btitutct, Box 
Sweden. 

T o  whom wrrcspndence should be addrrssed. 

of a group of halogenated, aromatic hydro- 
carbons that occur as industrial by-products 
and environmental contaminants. Despite 
extensive investigation, the mechanisms in- 
volved in TCDD-induced toxicity remain 
unknown. TCDD causes thymic atrophy in 
laboratory animals by depletion of the small, 
immature cortical cells of the thymus (4). 
This pattern of cell death resembles that 
observed in the thymus in response to glu- 
cocorticoid treatment (5). Glucocomcoids 
and TCDD also have overlapping or indis- 
tinguishable effects in many other target 
organs. For example, both are potent induc- 
ers of specific isozymes of cytodrrome P- 
450 in the liver (6), and both suppress B 
lymphocyte differentiation (7). In addition, 
the sauctural properties of the TCDD re- 
ceptor are remarkably similar to those of the 
glucocorticoid receptor (8). Since the puri- 
fied glucocorticoid receptor binds selectively 
to regions of doned DNA whose transcrip- 
tion is regulated by glucocorticoids in vivo, 
and the nudmtide sequences essential for 
receptor-DNA interaction are functional in 

vivo as hormone-dependent regulatory or 
transcriptional enhancer elements (9), the 
similar binding properties of the TCDD and 
glucocorticoid receptors could imply that 
they activate similar genetic targets, causing 
similar effects. 

To determine whether TCDD could exert 
its duence on the thymus through endo- 
nudease activation, we investigated the ef- 
fects of TCDD on several parameters char- 
acteristic of apoptosis in immature thymo- 
cytes. Chromatin condensation is an early 
and characteristic morphological change oc- 
curring in apoptotic cells (1). Glucocom- 
mid hormones induce this morphology 
change in thymocytes soon after treatment. 
Chromatin condensation has been detected 
only in cells exhibiting extensive DNA frag- 
mentation, and it is a property of apoptotic 
thymocytes that allows them to be separated 
from normal cells on the basis of bouyant 
density (10). Extensive plasma membrane 
and nudear envelope blebbing is another 
morphological marker for programmed cell 
death that typically accompanies glucocom- 
mid-induced chromatin condensation (1). 
We found that after 1 hour of incubation the 
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Fig. 1. Chromatin condensation in thymocytes 
exposed TCDD. Suspensions of t h y m v  
(50 x 106 per milliliter) fkom 3-week-old (50- to 
55-g) male Sprague-Dawley rats were incubated 
in rotating, round-bottomed flasks in Krebs-Hen- 
sdcit bulk, pH 7.2, supplemented with 10 mM 
Hepes, 15 mM glucose, and 1% bovine serum 
albumin, at 37°C under an atmosphere of 95% 
02:5% a, in the presence of 10 nM T m D ,  
dissolved in dimethyl sulfoxide, for 2 hours. Sam- 
ple were then stained with acridine orange (5 4 
of a solution containing 100 pglml plus 95 4 of 
thymacyte suspension). Cells were then visualized 
with a fluorescence microscope. Magdcation: 
x 1000. 

SCIENCE, VOL. 242 



majority of thymocytes treated with 10 nM 
TCDD contained condensed nuclei; a pho- 
tograph of a characteristic population of 
such TCDD-treated thymocytes is shown in 
Fig. 1. TCDD also induced widespread 
plasma membrane and nuclear envelope 
blebbing. The TCDD-induced morphologi- 
cal changes were similar to those observed in 
thymocytes exposed to the glucocorticoid 
methylprednisolone. 

The most characteristic biochemical fea- 
ture of the activation of the suicide process 
in glucocorticoid-treated thymocytes is the 
fragmentation of host DNA into oligonu- 
deosome-length fragments (2). To deter- 
mine whether TCDD treatment produced a 
similar pattern of chromatin cleavage, thy- 
mocyte suspensions were treated with 10 
nit4 TCDD, and samples of DNA were 
isolated and analyzed by gel electrophoresis 
fbr comparison of relative fragment sizes 
(Fig. 2). TCDD treatment resulted in a 
50 2 14% (mean + SEM, n = 6) loss of 
thymocyte viability by 5 hours (as measured 
by aypan blue uptake), compared with a 
5 +- 3% (mean +- SEM, n = 12) loss of 
viability in control cells. The TCDD-in- 
duced loss of thymocyte viability was pre- 
ceded by extensive hydrolysis of DNA. Elec- 
trophoresis of DNA from TCDD-treated 
thymocytes revealed a digestion pattern in- 
distinguishable from that observed in meth- 
ylprednisolone-treated thymocytes, suggest- 
ing that the activation of a common mecha- 

Fia. 2. harose ecl electro- 1 2 3 
phoresis ~ ~ K f r a ~ m e n t s  
isolated from methylpredni- 
solone- and TCDD-treated 
thymocytes. Thymocytes 
(50 x lo6 per milliliter) 
were incubated in Krebs- 
Henseleit medium in the 
presence or absence of 
methylprednisolone (10 
(LM) or TCDD (10 nM). 
Aliquots of 2 ml were lysed 
in 3 ml of a bdkr contain- 
ing 5 mM ais-HC1,20 mM 
EDTA, 0.5% Triton X-100, 
pH 8.0, for 15 min on ice 
before centdigation for 20 
min at 27,000s to separate 
intact chromatin (pellet) 
from DNA fragments (su- 
pernate) (10). Samples were 
extracted sequentially with 
equal volumes of phenol, 
phenol: chloroform 1 : 1, and 
chloroform, precipitated in 
67% ethanol, 0.17M NaCl 
at -20°C for 18 hours. re- .~- - . - -. - - . .. . ..-. 

suspended in 10 mM ;&-HcI, 1 mM EDTA, 
0.5% SDS, pH 8.0, prior to electrophoresis for 2 
hours at 60 V in 1.4% agarose gels. DNA was 
visualized by ultraviolet fluorescence after staining 
the gels with ethidium bromide. Lane 1, control; 
lane-2,10 pM methylprednisolone; and lane 3,ld 
nM TCDD. 

nism may be responsible for the effects on 
DNA of both compounds. 

To obtain a profile of DNA fragmenta- 
tion in TCDD-treated thymocytes, we mea- 
sured the time course of endonuclease acti- 
vation in cells treated with 100 nM TCDD 
(Fig. 3). In such cells we wimessed early 
m e n t a t i o n  of chromatin, which proceed- 
ed at a rate that was considerably faster than 
that induced by glucocorticoids at up to 
100-fold higher concentrations (2), suggest- 
ing that TCDD is a more potent activator of 
thymocyte suicide than glucocorticoid hor- 
mones are. TCDD-induced chromatin 
deavage preceded measurable loss of cell 
viability by several hours, showing that 
DNA fragmentation was not the conse- 
quence of cell death. 

Inhibitors of macromolecular synthesis, 
such as cydoheximide or actinomycin D (3, 
lo), block glucocorticoid-induced endonu- 
dease activation in thymocytes. To deter- 
mine whether TCDD-induced endonuclease 
activation was also dependent on protein 
synthesis, we treated thymocytes with cyclo- 
heximide before addition of TCDD. In con- 
trol cells, cycloheximide administration 
caused slight stimulation of endonuclease 
activity relative to that observed in untreated 
cells, whereas TCDD-induced DNA frag- 
mentation was almost completely inhibited 
in cycloheximide-treated thymocytes (Fig. 
3). Thus both TCDD and glucocorticoid 
induction of thymocyte apoptosis required 

target cell protein synthesis. 
To investigate the effect of TCDD treat- 

ment on the cytosolic Ca2+ concentration, 
we loaded thy"ocytes with a relatively low 
concentration of the fluorescent, Ca2+-sen- 
sitive dye quin-2 teaaacetoxyrnethyl ester 
(quin-2 AM) and then exposed the cells to 
increasing concentrations of TCDD. The 
hydrophobic, esterified form of quin-2, 
which is quin-2 AM, readily diffuses 
through the plasma membrane into the cy- 
tosol, where esterases convert it to its polar 
form, trapping it within the cell. Treatment 
of thymocytes with 1 to 100 nM TCDD 
caused concentration-dependent increases in 
cytosolic ca2+ level that were sustained for 
at least 2 hours of incubation (Fig. 4). Since 
pretreatment of cells with either actinomy- 
cin D or cycloheximide prevented the gluco- 
corticoid-induced elevation of cvtosolic 
Ca2+ concentration in thymocytes i3), we 
investigated the effect of cydoheximide 
treatment on the cvtosolic Ca2+ increase 
elicited by the hibest concentration of 
TCDD tested. In control cells, cyclohexi- 
mide caused an earl". transient increase in 
cytosolic Ca2+ conc&tration that returned 
to the basal level by approximately 90 min. 
Identical results were obtained from cvclo- 
heximide-treated cells subsequently exbsed 
to TCDD (Fig. 4). Thus cycloheximide 
blocked the sustained increase in cytosolic 
Ca2+ concentration caused by TCDD, sug- 
gesting that the TCDD-induced elevation of 

Fig. 3 (left). Inhibition 80 - 300 - 
of TCDD-stimulated en- , 
donudease activity by 

. 

cydoheximide, quin-2, r 60 - 9 . 
Y 

and EGTA. Thymocytes A- 200 - 
(50 x 10" cells per milli- = ' m 

liter) were incubated in 0 40 - 2 .  
the Krebs-Henseleit me- & 0 

dium with or without 2 . 

100 nM TCDD or with 20 - 
TCDD plus 10 pM cy- 
doheximide, 50 phi 
quin-2 AM, or 8 mM 
EGTk Thynloqes O 0 1 2 3 4  
treated with 50 pM quin- Time (hours) Time (min) 
2 AM contained 1 mM 
hydrolyzed quin-2 1 hour after addition and 0.7 mM hydrolyzed quin-2 2 hours after addition. In no case 
did treaanent of control cells with inhibitors affect viability, as m d  by trypan blue uptake. At 
appropriate time points, 2-ml samples were lysed and cenlrhged (see Fig. 1). Pellets were resuspended in 5 
ml of a b e  containing 10 mM ais-HC1 and 1 mM EDTA, pH 8.0. Pellet and supemate samples were 
assayed for DNA content with the diphenylamine reagent (19). Treatments: (0)  control, (0) TCDD, (A) 
TCDD plus cydoheximide, (A) TCDD plus quin-2 AM, and (0) TCDD plus EGTA. These results of one 
experiment were typical of four replicates. Fig. 4 (right). E & t  of TCDD on cytosolic Ca2+ 
concentration in thymocytes. Thymocytes (50 X 106 per milliliter) were preincubated in the Krebs- 
Henseleit medium for 15 min. Cells were loaded with 5 phi quin-2 AM for at least 15 min, which resulted 
in an intracellular quin-2 content of 100 phi. Thynloqes were then incubated in the p m c e  or absence of 
TCDD or TCDD plus 10 pM cydoheximide. Mquots of 1 ml were taken at appropriate time points, 
washed ftpe of extracellular quin-2 AM and of hydrolyzed quin-2 by centnfigation for 30 s at 1500g in a 
m i m - e ,  and resuspended in 2 ml of Krebs-Henseleit medium (37°C) before measurement of 
cytosolic Ca2 concentration (20). The addition of MnC12 to ceh after was- d t e d  in no change in 
basal fluorescence intensity, showing that was- eliminated all extracellular quin-2. Measurements were 
discontinued after 120 min because of loss of sensitivity due to leakage of quin-2. Treatments: (0), control, 
(0) 100 nM TCDD, (A) 10 nM TCDD, (A) 1 nM TCDD, and (0) 100 nM TCDD plus 10 pM 
cydoheximide. These results of one experiment were typical of fbur replicates. 



cytosolic Ca2+ concentration in thymocytes 
is dependent on protein synthesis, in a fash. 
ion analogous to that observed upon treat- 
ment of thymocytes with glucocorticoids. 
This observation also suggests that TCDD- 
induced protein synthesis in thymocytes 
most likely results in the production of a 
factor similar. or identical. to that svnthe- 
sized in glucocorticoid-treated thymocytes, 
which facilitates the influx of extracellular 
ca2+ (3). 

To determine whether chromatin frag- 
mentation in TCDD-treated thymocytes 
was de~endent on the observed increase in 
cytosoic Ca2+ concentration, we loaded 
thymocytes with a concentration of quin-2 
AM sufficient to buffer intracellular ca2+ 
changes (11) before measurement of 
TCDD-induced DNA fragmentation. These 
cells had resting ca2+ levels that were 
roughly 50% (40 i 10 nM, mean * SEM, 
n = 4) of those found in control cells 
(90 * 25 nM, mean * SEM, n = 4), and 
the increase in Ca2+ concentration due to 
TCDD exposure was inhibited for at least 2 
hours (80 * 20 nM, mean i SEM, n = 4). 
Moreover, pretreatment of thymocytes with 
a high concentration of quin-2 AM com- 
pletely blocked activation of the endogenous 
endonuclease by TCDD administration 
(Fig. 3). The Ca2+ ionophore A23187 can 
restore endonuclease activity in glucocorti- 
coid-treated, quin-2-buffered thymocytes, 
showing that {uin-2 does not intekere kith 
endonuclease function directly (3). Thus, as 
is true with glucocorticoids, TCDD activa- 
tion of thymocyte chromatin fragmentation 
is dependent on a sustained increase in 
cytosolic ca2+ concentration. 

To investigate the origin of the TCDD- 
induced Ca2+ increase in thvmocvtes, we , " .  
tested the effect of incubation of thymocytes 
in a "~a~+- f ree"  medium (12) on TCDD- 
induced DNA frazmentation. In control 

V 

cells, incubation in such a medium had no 
effect on basal cytosolic ca2+ level for up to 
3 hours. However. incubation of thvmo- 
cytes in this Ca2+-free medium resulted in 
complete inhibition of TCDD-induced 
chromatin cleavage (Fig. 3).  Thus, TCDD, 
like glucocortico~ds, seems to activate a pro- 
cess that results in the influx of Ca2+ into 
treated thymocytes. This event appears to 
result in endonuclease activation and subse- 
quent cell death. 

Previous work (13) has provided evidence 
for direct action of TCDD on epithelial cells 
of the thymus, resulting in a reduction of 
mitogen-inducible proliferative capacity in 
cocultured thymocytes, but TCDD treat- 
ment did not result in thymocyte cptotoxic- 
ity. Although altered maturation of thymo- 
cytes may be a significant result of pro- 
longed TCDD action, it does not explain 

the "scattered necrosis" of the small cortical 
cells caused by TCDD within the thymus 
(4). Moreover, the small cortical cells appear 
to be the least sensitive subpopulation of 
thymocytes to mitogen-induced prolifera- 
tion (14). Thus, the depletion of cortical 
thymocytes observed in TCDD-treated ani- 
mals is.probably due to activation of the 
suicide process described here, rather than 
to Inhibition of thymocyte proliferation. 

Our findings stand in contrast to a previ- 
ous study, in which TCDD was found to 
have no toxic effect on 23 different cell lines 
derived from tissues sensitive to TCDD in 
vivo (15), suggesting that a cell-cell interac- 
tion or humoral factor absent from in vitro 
systems is required for TCDD toxicity. The 
most likely explanation for the discrepancy is 
that we used only freshly isolated thymo- 
cytes from 3-week-old animals in this study, 
which have been shown to be the most 
sensitive cell type to glucocorticoid-induced 
apoptosis (5), whereas the previous study 
utilized cells and cell types that are relatively 
insensitive to the process. However, we 
cannot exclude the vossibilitv that the con- 
trasting results may be due to differences in 
incubation techniques [primary culture (13, 
15) versus cell suspensions (present study)], 
or to the presence of a humoral factor that 
mediated TCDD toxicity in our system that 
was absent from the previous studies. 

Several lines of evidence argue against a 
"shared receptor" mechanism for glucocorti- 
coid- and TCDD-induced chromatin cleav- 
age. Sensitivity to TCDD-induced thymic 
atrophy segregates with the Ah locus (16), 
which strongly suggests that the effects of 
TCDD on the cells of the thymus are medi- 
ated through the Ah receptor. Furthermore, 
the rapid and extensive fragmentation of 
thymocyte chromatin observed in this study 
was elicited bv TCDD at concentrations two 
orders of magnitude lower than those at 
which glucocorticoids are effective. On the 
other hand, high concentrations of gluco- 
corticoids and TCDD relative to in vitro 
receptor binding affinity constants (8) are 
required for the induction of thymocyte 
a ~ o ~ t o s i s .  The reason for this is unclear, 

L 1 

although there appears to be a correlation 
between TCDD and glucocorticoid receptor 
binding affinities and the dose of TCDD or 
glucocorticoid required to activate thymo- 
cyte apoptosis, TCDD being more potent in 
each case. We propose, therefore, that 
TCDD induction of thymocyte suicide is 
mediated bv a s~ecific receDtor for TCDD 

i I 

(presumably the Ah receptor), although fur- 
ther studies are required to exclude the 
vossibilitv that TCDD could bind to thvmo- 
I 

cyte glucocorticoid receptors that have a 
higher affiity for TCDD than for glucocor- 
ticoids themselves. 

The results presented here outline a novel 
mechanism o f  action for a toxic agent, and 
may in part explain the effects of TCDD on 
the immunological status of exposed ani- 
mals. However, an explanation for why 
TCDD produces thymic atrophy is insuffi- 
cient to explain the lethality of the agent. 
Possibly of more general relevance to the 
study of how TCDD kills laboratory animals 
is the finding that TCDD can affect the 
cytosolic ca2+ level in target cells. A sus- 
tained increase in cytosolic ca2+ concentra- 
tion has been linked to the toxicity of a 
variety of agents (1 7) .  Evidence for the 
generality of TCDD alteration of intracellu- 
lar ca2+ homeostasis is supported by the 
recent finding that TCDD appears to cause 
an increased intracellular ca2+ concentra- 
tion in the heart (18), although the mecha- 
nism by which TCDD increases the cardiac 
Ca2+ level remains to be elucidated. Further 
studies will be required to determine wheth- 
er the results here represent a general mecha- 
nism of TCDD action. 

- -- 
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A Mycobacterium leprae-Specific Human T Cell 
Epitope Cross-Reactive with an HLA-DR2 Peptide 

Mycobacterium Ieprae induces T cell reactivity and protective immunity in the majority 
of exposed individuals, but the minority that develop leprosy exhibit various types of 
immunopathology. Thus, the definition of epitopes on M. Ieprae antigens that are 
recognized by T cells from different individuals might result in the development of an 
effective vaccine against leprosy. A sequence from the 65-kD protein of this organism 
was recognized by two HLA-DR2-restricted, M. leprae-specific helper T cell clones 
that were derived from a tuberculoid leprosy patient. Synthetic peptides were used to 
define this epitope as Leu-Gln-Ala-Ala-Pro-Ma-Leu-Asp-Lys-Leu. A similar peptide 
that was derived from the third hypervariable region of the HLA-DR2 chain, Glu-Gln- 
Ala-Arg-Ma-Ala-Val-Asp-Thr-qr, also activated the same clones. The unexpected 
cross-reactivity of this M. Ieprae-specific DR2-restricted T cell epitope with a DR2 
peptide may have to be considered in the design of subunit vaccines against leprosy. 

L EPROSY CONTINUES TO BE AN IM- 

portant endemic disease in most 
countries of Asia, Africa, and Latin 

America, with 10 to 12 million estimated 
cases worldwide (1). A problem is that 
resistance develops to the widely used drug 
dapsone. A promising alternative to this and 
other more expensive combined drug thera- 
pies is the possibility of an effective vaccine 
against leprosy. Most people can respond to 
infection by Mycobactevium lepvae with both a 
humoral and cellular immune response. The 
latter, however, seems to control the out- 
come of an infection. Victims of leproma- 
tous leprosy, the most severe form of the 
disease, have a specific anergy to M. lepvae in 
their cellular immune response, which al- 
lows unlimited multiplication and spread of 
this bacillus. However, victims of tubercu- 
loid leprosy suffer from an enhanced cellular 
immune response which can result in nerve 

highly immunogenic protein contains an M. 
lepvae-specific B cell epitope (3) and a num- 
ber of T cell epitopes (4, 5). 

The HLA-DR2-restricted (6) M, lepvae 
reactive T cell clone 2F10 appeared to be 
nearly M. lepvae-specific. At low mycobacte- 
rial lysate concentrations 2F10 reacted only 
with Dharmendra lepromin and armadillo- 
derived M. lepvae (Fig. 1); at higher concen- 
trations it reacted weakly with M. vaccae. I t  
did not react with 18 other species of myco- 
bacteria, including M. tubevculosis (7). This 
particular clone was selected because it pro- 
liferated in the presence of the 6 5 - 0  pro- 
tein of M. lepvae [produced in Eschevichia coli 
( 8 ) ] ,  but not the M. tubevculosis Bacille Cal- 
mette Guerin (BCG) 65-kD protein [pro- 
duced in E. coli (Y)] (Table 1).  Thus this 
clone recognizes an M ,  lepvae-specific epi- 
tope on the 65-kD protein. 

To further define the epitope, we synthe- 
sized peptides from M, lepvae-specific re- 
gions of the 65-kD sequence. The only 
positive peptide, peptide 17, contains resi- 
dues NHz-terminal to, and including the 
epitope defined by, the M ,  lepvae-specific 
mouse monoclonal antibody (MAb) IIIE9 
(3) (Table 2). Peptide 17  almost fully acti- 
vates clone 2F10 at a concentration of 0.35 
nM, a half-stimulating concentration con- 
siderably lower than the 1 to 100 ELM range 
of many stimulatory peptides for helper T 
cells (10, 11). The activation of this clone is 
inhibited by the mouse MAb IIIE9, which 
recognizes a linear M ,  lepvae-specific epitope 
on the 65-kD protein (3, 12), but not by 
F67-13, another mouse MAb to the 65-kD 
protein (3). Thus, peptide-induced T cell 
proliferation is inhibited by specific anti- 
body, as has been previously demonstrated 
in a few cases (13-15). 

We used different synthetic peptides to 
determine the exact location of the epitope 
recognized by 2F10 (Fig. 2). Data from 
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Flg. 1. Mycobacterial species-specificity of the 
helper T cell clone 2F10. Mycobacterial antigens 
were presented via autologous antigen presenting 
cells to 2F10. Details of the proliferation assay are 
as described (7). LEP-1 is Dharmendra lepromin, 
LEP-2 is armadillo-derived M. lepvae, VAC is M. 
vaccae. "Other" represents mycobacteria giving 
no response: M, kansasii, M. tubevculosis, M .  avium, 
M, ajicanum; M, scvo~laceum; M.  tubevculosis 
strains H37Rv and H37Ra; M,  nonchvomogenicum; 
M. govdonae; M, bovis; M .  Jovtuitum; M, bovis BCG; 
M .  duvalii; M.  smegmatis; M.  lepvaemuvium; M. lu&; 
M.  avium/intvacellulave; and armadillo-derived 
aspecific mycobacteria. 

destruction-(I). It will be important for 
Table 1. Specificity of the helper T cell clones 2F10 and 2B6. Antigen presentation, cloning, expansion, vaccine understand this dif- and proliferation assays were performed as described (7). Clones 2F10 or 2B6 (1 x lo4 cells) were 

ference in response. We are, therefore, de- incubated with autologous mononuclear cells (5 x lo4). Medium or bacterial lysates (10 pgiml) were 
fining specific interactions of M ,  lepvae with included in the assay. Each experiment was performed on three independent replicate cultures. 
the k u n e  system and have begun to 
catalog M. lepvae T cell epitopes. One impor- Addition [3H]Thymidine incorporation (cpm) 

tant M. lepvae antigen is the 65-kD protein, a 2F10 2B6 
mycobacterial protein similar in 

Medium 303 t 139 277 t 55 sequence to the heat shock proteins (2). This y4178 26,907 t 807 24,087 * 2,408 
1402 

D. C. Anderson, M. E. Barry, T. M. Buchanan, Universi- pEX 'I 
N of Washington. Seattle, WA 98195. CD75 
W. C. A. vGSchooten, A. A. M. Janson, R. R. P. de 
Vries, D e p ~ e n t  of Immunohematolo and Blood *Y4178, E. coli expressing the gene for the M ,  leprae 65-M3 protein (8); 1402, E. coli expressing the gene for the M. 
Bank, University Hospital, Leiden, The Etherlands. boob BCG 65-kD protein (9); pEX 11, E,  coli expressing the control plasmid; CD75, armadillo-derived M ,  lepvae. 
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