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Effect of Mycobacterium leprae's
Phenolic Glycolipid-I on Interferon-gamma

Augmentation of Monocyte Oxidative Responses'
Mona Vachula, Timothy J. Holzer,

Lilia Kizlaitis, and Burton R. Andersen 2

AIi'cobacteriunn lepras' synthesizcs a
unique phenolic glycolipid (PGL-I). It is a
phenol-phthiocerol triglycoside with an
antigenically distinct trisaccharide, 3,6-di-
O-methyl-(3-D-glucopyranosyl-(1 -'4)-2,3-
di-O-mcthyl-a-L-rhamnopyranosyl-(1 — 2)-
2,3-di-O-methyl-a-L-rhamnopyranose that
constitutes 2% of the mass of isolated .11.
lepras (3). It has been detected in the Bera
of leprosy patients (' ") as well as in skin
biopsies of lepromatous leprosy patients
( 1s ' 16 ). PGL-I is structurally similar to my-
coside A of M. kausasii, differing in the tri-
saccharide moiety. PGL-I and the related
non-glycosylated, non-phenylated dimyco-
cerosyl phthiocerol (DIM) are found in large
amounts in the tissues ofexperimentally in-
fected armadillos ( 3 . 4 ). AI. leprae releases
the lipids into its milieu since the lipids are
found in tissues freed of organisms.

The specific immunological unrespon-
siveness seen in lepromatous leprosy pa-
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tients may be due in part to the accumu-
lation of large amounts of PGL-I in tissues
infected with Al. leprae. It has been reported
that PGL-I suppresses mitogenic responses
of lymphocytes from lepromatous leprosy
patients ( 7). In addition, these patients have
been shown to have defective interferon-
gamma (IFN-y) production (`'). Mononu-
clear phagocytes have been shown to serve
as host cells for A1. leprae. We have previ-
ously shown ( 14) that peripheral blood
monocytes pretreated with PGL-I release
less superoxide anion (O;) when stimu-
lated with .11. leprae than do control mono-
cytes. On the other hand, monocytes pre-
treated with dimycocerosyl phthiocerol
(DIM), mycoside A of M. /eansasii, or my-
coside B of M. microti, release O; in quan-
tities comparable to control monocytes in
response to AI. leprac stimulation. Mono-
cyte OZ release in response to other stim-
uli of the oxidative metabolic burst, such as
phorbol myristate acetate (PMA), zymosan,
AI. bons BCG, or M. kansasii, was unaf-
fected by lipid pretreatment. These data
demonstrate that PGL-I affects monocyte
OZ generation specifically when the chal-
lenging organism is Al. leprae, and suggest
that PGL-I plays an important role in the
pathogenesis of leprosy. We undertook this
study to determine if PGL-I affects the
IFN-y activation of monocytes and thus
contributes further to the intracellular sur-
vival of M. leprae.

MATERIAIS AND METHODS
Lipids. The lipids used in this study,

PGL-I, DIM, and mycoside A, were kindly
supplied by Dr. Patrick J. Brennan (Colo-
rado State University, Fort Collins, Colo-
rado, U.S.A.) through National Institutes of
Health contract no. AI-52582. The lipids
were purified as described previously ( 3 . 4 ).
To assure stability, lipid sonicates were pre-
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pared immediately prior to monocyte ex-
posure as previously outlined ( 14 ).

Cells. Peripheral blood was drawn from
consenting healthy volunteers finto heparin-
ized (10 IU/ml) syringcs. Monocytcs were
isolated as described ( 14). Bricfly, mono-
nuclear cells were obtained following cen-
trifugation of the diluted blood over Ficoll-
Hypaque (Sigma Chemical Co., St. Louis,
Missouri, U.S.A. and Winthrop-Breon, New
York, New York, U.S.A.). The monocytes
were then obtained by elutriation using a
Bcckman model J2-21 centrifuga with a JE-
6B rotor. A flow rate of 21 ml/min and rotor
speed of 600 x g were used to exclude the
lymphocytes, contaminating platelets, and
erythrocytes. The flow rate was then in-
creased to 28 ml/min and 200 ml of the
elutriation buffer was collccted to obtain the
monocytes. After washing, the cells were re-
suspended in RPM' 1640 (Whittaker Bio-
products, Inc., Walkersville, Maryland,
U.S.A.) medium containing 10% heat-in-
activated fetal bovino scrum (Hyclone Lab-
oratories, Inc., Logan, Utah, U.S.A.) and 50
pg/ml gentamicin, and then counted. Via-
bility was always greater than 98% as de-
termined by trypan blue dyc exclusion. La-
tex ingcstion was used to determine the
percentage of phagocytic monocytes ( 2 ), and
this was consistently greater than 85%.

Culture conditions. Sonicates of either
PGL-I, DIM, mycoside A, or buffer alone
were added to the monocytes in Teflon vials
(Savillex, Minnetonka, Minnesota, U.S.A.)
at 10 pg lipid/2 x 10 6 cens. The vials were
tumbled end over end at 12 rotations/min
for 2 hr at 37°C. We have previously de-
termined that under these conditions an av-
erage of 15 pg PGL-I/2 x 10 6 edis was taken
up by the monocytes as determined by dot-
blot analysis following the extraction of the
PGL-I from the monocytes (' 4). We have
also shown that comparable amounts of
DIM and mycoside A were taken up by the
monocytes, and that the cens were viable
after treatment with the various lipids ( 14 ).
The cens were washed by centrifugation and
thcn incubated in 96-well, flat-bottom mi-
crotiter plates (Corning, Inc., Corning, New
York, U.S.A.) at 2 x 10 5 cells/well in a 0.2
ml volume of medium for 2 hr at 37°C in
5% CO, in humidified air to allow adher-
ence. After washing, the cells were incubat-
ed overnight in 0.2 ml/well ofmedium alone

or medium containing 500 U/ml IFN-y
(purified nativo human IFN-y; Sigma) at
37°C in 5% CO, in humidified air.

Superoxide anion assay. After washing the
wells, O; release by the adherent mono-
cytes was determined by measuring the su-
peroxide dismutase (SOD)-inhibitable cy-
tochrome C (Sigma) reduction as described
previously (' 10 "). The stimuli used in the
assay included PMA (500 ng/ml; Sigma),
opsonized zymosan (1:1 v/v with fresh se-
rum at 37°C for 20 min), and killed ,11. lep-
rae (50:1 particle-to-monocyte ratio). The
preparation of the bacteria for use in the
O^ assay has been described ('-). The
amount of cell protein, as determined by
the Lowry method (6), did not dif er signif-
icantly between the experimental and con-
trol groups.

Endotoxin contamination. Endotoxin was
not detected in the buffers, medium, or lipid
preparations used to treat monocytes as de-
termined by a quantitative chromogenic
limulus amebocyte lysate assay (Whittaker)
with a sensitivity of 10 pg/ml.

Statistical analysis. The diferences be-
tween control and experimental groups were
evaluated for statistical significance by Stu-
dent's t test.

RESULTS
The O release by untreated control cens

was about twice that of PGL-I-pretreated
monocytes when M. leprae was used as the
stimulus (Fig. 1A). Pretreatment with my-
coside A of .11. kansasii or the non-glyco-
sylated non-phenylated dimycocerosyl
phthiocerol (DIM) did not significantly alter
the O; release in response to M. leprae.
IFN-y augmented the O release by ali
cens regardless of lipid pretreatment. How-
ever, the Oz release by PGL-I-pretreated
monocytes when activated by IFN-y was
significantly less than that of untreated
monocytes activated by IFN-y. IFN-y was
only able to enhance the O; release of the
PGL-I-trgiated cens to the same levei as the
preactivated state of the untreated mono-
cytes. When the monocytes were pretreated
with PGL-I, DIM, mycoside A, or buffer
alone and then stimulated with PMA (Fig.
IB) or with opsonized zymosan (Fig. 1C),
they released comparable amounts of O; .
IFN-y was able to augment the O; gen-
eration by ali of the cell groups equally well.
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THE FIGURE. Effect ofmycobacterial lipids on IFN-y

augmentation of monocyte O; release. Monocytes
were pretrcated with indicated lipids and then cultured
in the presence (^) or absence (^) of IFN-y overnight.
Thc edis were then stimulated with (A) .11. leprae, (B)
PMA, or (C) opsonized zymosan, and O_ release
measured. Results are means ± S.E. of 8 experiments
in A, 6 experiments in B, and 4 experiments in C. *
= p < 0.05 by Student's t test when compared with no
IFN -y treatment; t = p < 0.05 by Student's t test when
compared with no lipid control prctrcatment.

DISCUSSION
Our data indicate that, even though PGL-I

suppresses O^ release by monocytes stim-
ulated with M. leprae, these cells can be

activated by IFN-y. However, the degree of
activation was signilìcantly less than that
obscrved with control monocytes. It has
becn shown by us and by others ( 7 . 14 ) that
PGL-I can suppress T ccll and monocytc
function. lt has also been reported that
IFN-y production is dccrcascd in lepro-
matous leprosy patients (o), but that mono-
cytcs from those patients can respond to
IFN-y with augmented oxygen radical pro-
duction ( 5). However, in studies using mouse
macrophages, it was shown that foot pad
macrophages gotged with Al. lepra(' are re-
fractory to activation by IFN-y ( 12 ), and per-
itoneal macrophages infected with AI. lep-
rae respond to IFN-y if it is administered
within 24 hr of infection but not if admin-
istered 3 to 5 days postinfection ("). In our
studies with human monocytes, we at-
tcmptcd to use experimental conditions that
resemble those found in viro in lepromatous
leprosy ( 14), where the cens are exposed to
products of Al. !eivai', such as PGL-I. We
have reported that the various lipids wcrc
taken up by the monocytes in comparable
amounts ( 14). We have shown that PGL-I-
pretrcated monocytes released less O> ,
only when stimulated with Al. leprae, than
did control edis or cens pretreated with lip-
ids structurally similar to PGL-I. Here, we
have also shown that edis pretreated with
PGL-I respond to IFN-y with an increased
oxidative potential but to a lesser degree
than control edis when the stimulus is A.
leprae. PGL-I may contribute further to the
intracellular survival of M. leprae by down-
regulating the IFN-y enhancement of mon-
ocyte/macrophage oxidative responses. In
ongoing clinicai trials using intradermal
administration of IFN-y ( 8 "), the supprcs-
sive effects of accumulated PGL-I in the
macrophages of leprosy lesions should be
considcred.

SUMMARY
Peripheral blood monocytes were pre-

treated with phenolic glycolipid-I (PGL-I),
dimycocerosyl phthioccrol (DIM), or my-
coside A, then cultured in the presence or
absence of interferon-gamma (IFN-y). Their
oxidative responses to .11ycobacterium lep-
rae, phorbol myristate acetate (PMA), and
opsonized zymosan were evaluated. In re-
sponse to Al. leprae, monocytes pretreated
with PGL-I released less than nonlip-
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id-treated control cclls. The IFN-y aug-
mentation of oxidative responses was sup-
prcsscd only in PGL-I-prctrcatcd monocytes
and only when the stimulus was M. leprae.
This suggests that PGL-I, by afccting the
IFN-y enhancement of phagocytic ccll ox-
idative responses, aids further the intraccl-
lular survival of A1. leprae.

RESUMEN
Se pretrataron monocitos de sangre periférica con

glicolípido fenólico- 1 (PGL-1), con dimicocerosil

phtiocerol (DIM), o con micósido A y después se cul-

tivaron en presencia o ausencia de interfcrón gamma
(IFN-y). Enseguida se evaluaron sus respuestas oxi-
dali vas hacia e1 Mycobacieriunt leprae, hacia el acetato
de forbol miristato (PMA) y bacia levaduras opsoni-

zadas. Los monocitos pretratados con PGL- I liberaron
menos O; en respuesta al .11. lepras que los controles

no tratados con cl lípido. El aumento de la respuesta
oxidativa inducido por el 1FN-y, fue suprimido sólo

en los monocitos pretratados con PGL-1 y sólo cuandu
e1 estímulo fue 3l. /eprae. Esto sugiere que el PGL-1,
al afectar cl incremento en la respuesta oxidativa de la

célula fagocítica inducido por el IFN-y, aguda a la
supervivencia intracelular del A1. leprae.

RESUME
Après avoir été prétraités par l'antigène phénogly-

colipidique-1 (PGL-1), le dimycoccrosyl phthioccrol

(DIM), our le mycoside A, des monocytes du sang
périphérique ont été cultives en presence ou en abscnce
d'intcrfcron-gamma (iFN-y). On a alors évalué leur
reponse oxydative au .1/trobactc'rium leprae, au my-
ristatc acétatc de phorbol (PMA), et au zymosan opso-
nisé. En presence de M. leprae, les monocytes prétraités
avec le PGL-I ont libere moins d'oxygène que les ccl-
lules témoins non traitées par des lipides. L'augmen-

tation de la reponse oxydativc en présence d'IFN-y a

été supprimée uniquement dans les monocytcs pré-
traités par le PGL-1, mais ceei sculement lorsqu'ils
étaient stimulées par M. tcprae. Ces observations sug-
gèrent que le PGL-I, en entrainant un renforcement de
la reponse oxydativc des cellules phagocytaires en pré-
sence d'iFN-y, contribue à assurer la survie intracel-
lulaire de 11. leprae.
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