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Elevated anti-tuberculous glycolipid antibody titres
in healthy adults and tuberculosis patients in Thailand
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SUMMARY

OBJECTIVE: To evaluate immunoglobulin G (IgG) and
immunoglobulin A (IgA) responses to tuberculous-
glycolipid antigen (TBGL-IgG and -IgA) in pulmonary
tuberculosis (TB) patients and healthy controls in
Thailand. ,

DESIGN: Anti-TBGL antibody titres and other TB re-
lated markers were measured in the serum samples of
24 adults with pulmonary TB (PTB), 28 healthy adults
(HA), 23 children with TB and 24 healthy children.
RESULT: Both TBGL-IgG and -IgA titres were signifi-
cantly higher only in adult PTB cases compared to con-
trols (P < 0.001 for all). TBGL-IgG was highly sensitive
(92%) in PTB patients, but frequent positive propor-
tions of TBGL-IgG (46%) and -IgA (36%) in HAs were
the cause of low specificities of TBGL-IgG (54%) and

-IgA (64%); that of TBGL-IgG+IgA (75%) was the
highest. Antibody titres were positively correlated in
TBGL-IgG+IgA double-positive HAs (HA+, 7/28,
P < 0.01), but not in HA— (P > 0.05). Serum IgG and
IgA levels were not correlated with TBGL-IgG or -IgA
levels (P > 0.05). KL-6 and leptin levels were normal
and were not different between HA+ and HA—, indi- -
cating absence of active TB in HAs.

concLusioN: Enhanced TBGL-IgG+IgA responses in
HAs could indicate latent TB infection. Careful follow-
up studies in HAs could clarify the significance of ele-
vated TBGL antibodies as early disease markers.

KEY WORDS: anti-tuberculosis glycolipid IgG; TBGL;
IgA; TB-endemic country; latent TB infection

MYCOBACTERIUM TUBERCULOSIS is a lead-
ing global health problem that caused an estimated
9.27 million new cases of tuberculosis (TB) infection
and more than 2 million deaths worldwide in 2007.1
The alarming increase in the incidence of multidrug-
resistant TB, particularly among human immunodefi-
ciency virus (HIV) infected patients,! and the devel-
opment of the immune reconstitution syndrome after
the initiation of highly active antiretroviral treatment
(HAART),2 have rendered the situation more critical.
Conventional microscopy, which has a variable range
of sensitivity of 20-60% in detecting tubercle bacilli,
is widely used by resource-limited countries,3 which
harbour more than 90% of the world’s TB infection.!
However, approximately 20% of TB cases are not
microbiologically proven, even with the more expen-
sive fluorescence microscopy.3* Moreover, a bacterio-
logically confirmed diagnosis of TB in paediatric groups
is much more difficult, as children seldom produce
sputum. There is therefore an urgent need to develop
an early diagnostic approach to identify both paedi-
atric and adult TB patients.

Cord factor (trehalose-6-6-dimycolate; TDM),
which composes a major part of the mycobacterial
cell wall, has been identified as the most immuno-
genic glycolipid; it is produced mainly by virulent
M. tuberculosis as well as by atypical mycobacteria.’-6
Tuberculous-glycolipid antigen (TBGL) consists of
purified TDM from H37Rv.” The immunoglobulin G
(IgG) response to TBGL antigen (TBGL-IgG) has been
proposed as a useful tool for TB serodiagnosis (sen-
sitivity and specificity >80%) in Japan, a non-TB-
endemic country (incidence rate 20 per 100000 popu-
lation).”:8 Although IgG and immunoglobulin A (IgA)
responses to purified TB antigens and a commercial
serological assay were demonstrated to have limited
significance for the serodiagnosis of pulmonary tuber-
culosis (PTB) in a meta-analysis and systemic review
by Steingart et al., of the lipid antigens, cord factor
showed particularly high reactivity.%10 IgA responses
against the mycobacterial fusion protein MT10.3:
MPT64 was recently demonstrated to have higher sen-
sitivity for the diagnosis of extra-pulmonary TB in a
TB-endemic country.1! Although the diagnostic efficacy
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of TBGL-IgA was not evaluated in prior studies, a
significant association between TBGL-IgG and -IgA
was reported in active TB patients.’? However, IgG
or IgA responses against TBGL antigen have not been
evaluated for their diagnostic ability in TB-endemic
countries.

As TBGL-IgG titres were found to be associated
with C-reactive protein and cavity formation,!2 other
markers related to TB pathology, including KL-6 and
leptin, could have some role in promoting inflamma-
tion in PTB. A high-molecular-weight mucinous glyco-
protein expressed on type-II pneumocytes, KL-6 was
reported to be elevated in the serum of patients with
interstitial pneumonial? and PTB with extensive radio-
graphic changes.!* Leptin, a cytokine-like hormone
produced by the bronchial epithelial cells and type-II
pneumocytes in addition to adipose tissue,!5 was re-
ported to be low in the serum of PTB patients.16

- The purpose of the present study was to evaluate
IgG and IgA antibody (Ab) responses to the TBGL
antigen in adult and children TB patients and healthy
controls in Thailand. The relationship of TBGL anti-
bodies to KL-6 and leptin was also assessed.

MATERIALS AND METHODS

Subjects

A case-control study was conducted between April
2007 and October 2008. Adult cases (age >16 years)
were 24 newly diagnosed active PTB patients receiv-
ing care at the Chest Disease Institute (CDI), Nontha-
buri, who were enrolled before or within 2 weeks of
receiving anti-tuberculosis treatment. All of the PTB
patients were positive for sputum acid-fast bacilli
(AFB) stain and culture for M. tuberculosis.

Twenty-three children (age <12 years) diagnosed
with TB and receiving care at the Queen Sirikrit Na-
tional Institute of Child Health (QSNICH), Bangkok,
were enrolled as child TB cases (CTB) before receiv-
ing anti-tuberculosis treatment. They were diagnosed
with active TB based on the presence of two or more
features suggestive of probable TB, including history
of close TB contact, positive tuberculin skin test (TST)
response (>10 mm diameter), chest X-ray (CXR) find-
ings suggestive of TB, and histopathological features
related to TB according to the diagnostic criteria of the
World Health Organization (WHO) provisional guide-
lines for the diagnosis of paediatric TB.1” Diagnosis
was confirmed by positive culture of tubercle bacilli.

Subjects with underlying malignancy, metabolic
disorders, HIV/AIDS (acquired immune-deficiency
syndrome) or other active pulmonary diseases were
excluded from the study.

Healthy aduit individuals with no concomitant pul-
monary symptoms, normal CXR and negative HIV
serology were rectuited from among blood donor sub-
jects as healthy adult controls (HA). Volunteer healthy
child controls (HC) we'e selected from among paedi-

Antibody responses to TBGL in healthy adults 533

atric patients without respiratory symptoms and with -
normal CXR from the surg1ca1 department of the
QSNICH. i

Blood samples were collected from all enrolled par—
t1c1pants Serum samples were separated and stored
in —20°C for further study.

This study was approved by the ethics commit-
tees of all the participating institutes in Thailand
and Japan. Written informed consent was obtained
from all enrolled participants. The study was con-
ducted according to the recommendations of the Hel-
sinki Declaration.

TBGL antibodjes

TBGL-IgG and -IgA titres were measured using the
Determiner TBGL-antibody ELISA kit (Kyowa Medex,
Tokyo, Japan), an in vitro enzyme-linked immuno-
sorbent assay (ELISA) kit for the quantitative mea-
surement of TBGL-IgG and -IgA in serum or plasma.
Antibody titres for both antibodies were expressed as
U/ml. Samples were classified as TBGL-IgG-positive
if TBGL-IgG serum levels were =2 U/ml.” An arbitrary
cut-off value of =2 U/ml for TBGL-IgA was used as
per the unpublished data of our previous study.!2

ELISA assay

Serum leptin and sIL-2Ra levels were determmed by
sandwich ELISA using the Quantikine Human Leptin
Immunoassay kit and the Quantikine Human IL-2
sRa Immunoassay kit (both from R&D Systems, Min-
neapolis, MN, USA) for the quantitative determination
of the human leptin and sIL-2Ra concentrations re-
spectively in serum or plasma according to the manu-
facturer’s guidelines. Serum KL-6 levels were measured
using an ELISA kit (Sanko-junyaku, Tokyo, Japan).

Measured laboratory markers

We assessed the whole blood profile as well as the
serum levels of IgG and IgA and hepatic enzymes (as-
pertate amino-transferase [AST] and alanine amino-
transferase [ALT)).

Statistical analysis

Data were analysed using Statcel 2 (OMS Publishing
Inc, Saitama, Japan). We compared sensitivity and
specificity using the x? test for proportions. Values
are presented as median and range. Differences in ti-
tres of different variables between two groups were
analysed using the Mann-Whitney U-test. Correla-
tions between each- variable were evaluated using
Spearman’s rank correlation coefficient. A two-tailed
P < 0.05 was considered s1gmﬁcant

RESULTS

Subjects

The demographlc and chmcal characteristics of the
enrolled case participants are shown in Table 1.
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Table 1 Demographic and clinical characteristics of study participants
Healthy Child TB  Healthy child
Adult PTB cases adults patients controls
(n=24) (n=28 (=23 (h=24
Variable n{%) n (%) n (%) n (%)
Male:female* 23:1 19:9 12211 19:9
Age, years, median [range] 36.5[20-50] 35.5[21-52] 2[0.5-12] 3.5[0.6-12]
TST responses (>10 mm/<10 mm/0-5 mm) ND ND 19/1/3 ND
Sputum AFB stain and culture positive 24 (100) ND 1(4) ND
Chest X-ray i )
Normal — 28 (100) — 24 (100)
Pulmonary infiltration 8(33.3) — 11 (47) —
Infiltration+fibrosis 1(4.1) — —_
Miliary infiltration — 2 (8.6) —
Hilar lymphadenopathy — 9(39)
Consolidation/cavity/calcification 1/1/1 (4 in each) — 0/0/3 (13) —
Diagnosis — —
PTB 24 (100) — 21(91) —_
EPTB — 2(9) e
*Frequency.

PTB = pulmonary tuberculosis; TST = tuberculin skin test; ND = not done; AFB = acid-fast bacilli; EPTB = extra-

putmonary TB.

Among the 58 adult participants screened, 24 micro-
biologically confirmed PTB cases with male predomi-
nance (96 %) and 28 age-matched HA subjects (male
68%) were included in the analysis; six PTB cases
were eventually excluded due to HIV co-infection. In
contrast, M. tuberculosis infection was not confirmed
in 23 CTB cases except one; 19 (83%) children had
positive TST responses (>10 mm diameter), includ-
ing 12 who had a history of TB contact through fam-
ily members. Although the TST response was <10 mm
(range 0~10 mm) in the other four cases, they also
had a history of TB contact. On CXR, 21 had pulmo-
nary infiltration and/or hilar lymphadenopathy and
other abnormalities relevant to PTB. Two others

A NS
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NS Py
1000 f
P<0.001*
‘ 4 L4
—_ © ® e o
3 €
>l e % Fole &8s
.......... .@‘_v_... ‘—“_.-A_._._,_;‘.—;
1 o ‘
P4 ¥ % % Do d
0.1 & ¢
0.01

PTB HA HA+ HA- PTB HA HA+ HA-
TBGL-IgG TBGL-IgA

had massive pleural effusion and features of non-
necrotising granulomatous pruritis suggestive of
extra-pulmonary TB. Twenty-four age-matched chil-
dren with no TB-related symptoms and normal CXR
findings were enlisted for analysis as controls (HC).

Anti-TBGL antibodies and their correlations ‘

In the adult participants, the TBGL-IgG and -IgA titres
were elevated in respectively 22/24 (92%) and 17/24
(63%) PTB cases and 13/28 (46%) and 10/28 (36%)
HAs. TBGL-IgG and -IgA titres were significantly
higher in the PTB group than in the controls (P <
0.001 for both; Figure 1A, Table 2). The sensitivities
of the TBGL-IgG and -IgA assay were 92% and 63%

B
10000 -

1000 -

100 A NS

10 1

U/ml

0.1 1 @

0.01

CTB HC CTB HC

TBGL-lgG TBGL-IgA

Figure 1 TBGL-lgG and TBGL-IgA titres in A) adult and B) child participants. Dashed lines indicate the cut-off value of =2 U/ml for
both antibodies. Solid bars indicate mean values. * indicates significant difference. NS = not significant, PTB = adult pulmonary TB
patients; HA = healthy adult controls; HA+ = HAs with high TBGL-IgG and -IgA titres; HA— = HAs with low TBGL-IgG or -IgA titres
or both; TBGL = tuberculous glycolipid; Ig = immunoglobulin; CTB == child TB patients; HC = healthy child controls. ’
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Table2 Measured parameters and comparison between adult PTB patients and healthy adult

controls

Adult PTB cases Healthy adults -
Parameter median [range] median [range]* Pvalue
TBGL-lgG, U/ml 18.7 [0.5-179] 1.5[0.4-21.4] <0.001
TBGL-IgA, U/ml 4.9[0.3-2448) 0.7 [0.08-43.7] 1 <0.001
Serum lgG, mg/dl 1961 [1433-2835] 1441 [1032-2051] <0.01
Serum IgA, mg/di 519 [411~-695] 223[143-861] <0.01t
KL-6, U/ml 530 [231-1897] 225 [129-592] <0.001t
Leptin, ng/ml 0.63[0.13-5.3] 7.7[0.3-21.6) <0.001t
siL-2Ra, ng/mi 2.8[0.81-15.5] 0.54 {0.1-0.9] <0.001*
Haemoglobin, gm/d! 12.5[9.2-14.9] 13.1[11.1-17.1] <0.01t
WBC, 103/ul 10[6.8-16.4] 7[4.6-10.2] <0.001t
Neutrophil, 103/l 7.08[5.04-13.78] 3.7[2.07-6.9] <0.001t
Lymphocyte, 103/ul 1.74[0.88-3.2] 2.46[1.85-3.6) - <0.01t
Monocyte, /ul 580 [248-1096] 393 [222-684] <0.01t
AST, U/ml 25 [15-158] 21 [15-55] NS
ALT, U/ml 18.5 [7-67] 15.5 [7-75] NS

* Healthy adults with high titres of both TBGL-IgG and -IgA.
tSignificant difference between the two groups (P < 0.05).

PTB = pulmonary tuberculosis; TBGL = tubercular-glycolipid; Ig = immunoglobulin; WBC = white blood cells; AST =
aspartate aminotransferase; NS = not significant; ALT = alanine aminotransferase.

Table 3- Comparison-between TBGL-lgG, TBGL-IgA and
combined TBGL-IgG +IgA for their utility in the diagnosis of
active pulmonary TB in adults

TBGL-lgG  TBGL-IgA TBGL-IlgG+IgA
% % % P value*
Sensitivity ) 92 63 63 0.019¢
Specificity 54 64 75 0.057

*Statistical difference between TBGL-IgG and TBGL-IgG +IgA groups.
*Significant difference.
TBGL = tuberculous glycolipid; g = immunoglobulin.

for the diagnosis of active TB, and the specificities were
54% and 64% (Table 2). Simultaneous detection of
both TBGL-IgG and -IgA improved specificity (75%,
P = 0.057), although sensitivity was significantly
lower (P = 0.019) than for TBGL-IgG alone (Table
3). To elucidate the cause of high TBGL antibodies in
HAs, we therefore further categorised them into two
groups: HAs positive for both TBGL-IgG and -IgA
(HA+ 7/28, 25%) and others (HA— 21/28, 75%).

TBGL-IgG and -IgA titres-in the HA+ group were
significantly higher than in the HA — group (P < 0.05
and P < 0.01, respectively) and were not different
from those in the PTB groups (P > 0.05 for all, Fig-
ure 1A). The levels of two antibodies were positively
correlated in the HA + subjects (r = 0.843, P = 0.01)
and among the PTB patients (r = 0.664, P <
0.00005), but not in the HA— group (Figure 2).
TBGL-IgG and -IgA titres were not correlated with
those of serum IgG and IgA in the PTB, HA or HA+
groups (P > 0.05 for all). No correlation was ob-
served between TBGL-IgG/IgA levels and KL-6 or
leptin levels in patients or controls.

In contrast, among the paediatric subjects, only
3/23 (13%) CTB cases and 1/28 (3%) HC had high
TBGL-IgG titres, demonstrating the very limited sen-
sitivity (10%) of the assay for the diagnosis of paedi-
atric TB patients. Neither TBGL-IgG nor -IgA titres
were significantly different between paediatric cases
and controls (Figure 1B).

A B C
3000 1 - 0664, n=24 50 1 181, r=-0.1,n=21
Cgso0 {  P<0.001 45 1 o 16 P=066
e 40 4 14
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g 2] 2 51
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5 2 1 ’ ’
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Figure 2 Correlation between TBGL-IgG and -IgA titres. An association was found in A) adult PTB patients and B) HA+ subjects
(healthy adults with high TBGL-IgG and -IgA titres), but not in C) HA— subjects (healthy adults with low TBGL-IgG or -IgA titres or

both). TBGL = tuberculous glycclipid; Ig = immunoglobulin.
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Figure 3 KL-6 titres in adult participants. Dashed line indi-
cates the cut-off value of =500 U/ml. Solid bars indicate mean
values. *Indicates significant difference (P < 0.05). NS = non-
significant; PTB = adult PTB patients; HA = healthy adult con-
trols;, HA+ = HAs with high TBGLIlgG and
-IgA titres; HA— = HAs with low TBGL-igG or -IgA titres or
both; TBGL = tuberculous glycolipid; Ig = immunoglobulin.

KL-6, leptin and sIL-2Ra serum levels,
and varfous laboratory markers

Serum KL-6 levels were significantly higher in PTB
cases than in HAs (P < 0.01; Figure 3, Table 2) and
were elevated (>500 U/ml) in 14/24 (58%) PTB pa-
tients. In contrast, significantly lower leptin titres
were found in PTB patients than in HA subjects (P <
0.001). Serum IgG, IgA, sIL-2a levels and white blood
corpuscle and monocyte counts were significantly
higher, whereas the lymphocyte count was signifi-
cantly lower in PTB cases than in HAs (Table 2).
There were no significant differences in measured se-
rum IgG, IgA, KL-6, leptin or other parameters be-
tween the HA+ and HA— groups (Table 4).

DISCUSSION

We evaluated TBGL-IgG and -IgA levels in paediatric
and adult TB patients and healthy controls in Thai-
land, a TB-endemic country (TB incidence rate 142/
100000 population).!

Poor TBGL-IgG and -IgA reactivity was observed
in the paediatric TB patients, consistent with previ-
ous findings of low antibody responses among child
TB suspects against protein antigens, including puri-
fied protein derivative (PPD), 38kDa and HSP60.18
Low TBGL-AD titres cannot be explained by low se-
rum IgG or IgA, as these were significantly higher in
the CTB than in the HC group (data not shown). Al-
though M. tuberculosis infection was not confirmed
in most of the CTB cases, their clinical and radiologi-
cal findings were strongly suggestive of active TB, and
all responded well to anti-tuberculosis treatment. The
cause of the low antibody responses in children is not
clear. However, the underdeveloped immune system
in young children might play a vital role against the
development of specific adaptive immune responses
against TB. '

In contrast, TBGL-IgG detection in adult PTB pa-
tients was revealed to be highly sensitive (92%), in
line with a previous report from Japan.8 However, in-
creased proportions of positive TBGL-IgG in HAs
were accountable for the low specificity (54%), and
therefore diminished its usefulness as an active TB di-
agnostic marker in Thailand. The diagnostic ability of
TBGL-IgA was also inadequate, showing lower sensi-
tivity and specificity in the current study. However,
the specificity was higher than that of TBGL-IgG.
Julean et al. also demonstrated high IgA specificity
against four trehalose-containing mycobacterial lipid
antigens, including cord factor, in a clinical study.!®

Table 4 Comparison of dlinical and laboratory markers between HA+ and HA~

HA+ HA—
n=7 n=21
Parameter median [range] median [range] Pvalue
Male:female* 5:2 147 —
Age, years 38 [23-49] 33[21-51] —
TBGL-IgG, U/mi 5.5[2.1-21.4] 1.3[0.4-17.4] <0.05*
TBGL-IgA, U/ml 8[3.9-43.7] 0.3[0.08-17.1] <0.001t

Serum IgG, mg/di
Serum IgA, mg/d|

1367 [1281-1943]
192 [166-370]

1465 [1032-2051] —
238 [143-861] —

KL-6, U/ml 227 [132-592] 223 [129-480] —
Leptin, ng/ml 8.7[1.14-19.9] 7.5[0.3-21.6] —
siL-2Re, ng/ml 0.53[0.1-0.77] 0.55[0.1-0.9] —
Haemoglobin, g/d! 13.1[12.2-5] 13.7 [11.1-17.1] —
WBC, 103/l 6.4 [5.5-8.1] 7.314.6-10.2] —
Neutrophil, 103/ul 3.46[2.3-4.5] 4.1[2-6.9] —
Lymphocyte, 103/ul 2.5[2-3.1] 2.41[1.8-3.6] —
Monocyte, /i 402 [384-486] 360_[222-684] —
AST, U/ml 17 [15-23] 21 [15-55] . —
ALT, U/ml 14 [9-24) 16 [7-75] —
* Frequency.

tSignificant difference between the two groups (P < 0.05).

HA+ = healthy adults with high titres of both TBGL-IgG and -IgA; HA— = healthy adults with low titres of either
TBGL-IgG or -IgA or both; TBGL = tuberculous glycolipid; Ig = immunoglobulin; WBC = white blood cells; AST =

aspartate aminotransferase; ALT = alanine aminotransferase.
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Elevated TBGL-IgA titres may therefore reflect infec-
tion more specifically.

Elevated TBGL-IgG levels were also found in
healthy older (>40 years, 17%) and younger adults
(<40 years, 5%) in Japan (a non-endemic country);
the possibilities of latent TB infection (LTBI) in the
TBGL-IgG positive group have already been de-
scribed by Maekura et al.8 In this study in Thailand,
positive proportions of TBGL-IgG were higher in
healthy adults (46%, mean age 34 years) and that of
TBGL-IgA was also high (36%). As TBGL-IgG and
-IgA titres were not associated with those of serum
IgG and IgA, high TBGL antibody titres in endemic
HAs cannot be explained by non-specific hyperglob-
ulinaemia. Moreover, none of the HAs had a history
of TB. Cross-antibody reactions to other respiratory
infections can be excluded, as the HAs were free from
respiratory symptoms and had normal CXR findings
at the time of enrolment, and bacille Calmette-Guérin
vaccination status does not influence antibody pro-
duction against TDM in adults.2® It was considered
that non-tuberculous mycobacteria (NTM) infection
may be responsible for the elevated TBGL-AD titres
in HAs. However, TBGL-IgG titres were reported to
increase only in active NTM diseases.? Although leptin
titres were low in some HAs, none of the TB-related
markers, including leptin, KL6 and sIL-2Ra, were
different between the HA+ and HA~ groups, indi-
cating absence of active disease in HA+. Significant
elevations of sensitive TBGL-IgG (P < 0.03) and spe-
cific TBGL-IgA titres (P < 0.01) in HA+ compared
to HA— subjects, and the correlation between TBGL-
IgG and -IgA titres only in the former group, might
be suggestive of the enhancement of TB-specific anti-
body responses in that group. Although we could not
confirm LTBI in HA+ individuals by PPD or an in-
terferon gamma (IFN-v) release assay (IGRA), a sig-
nificant association between the QuantiFERON®-TB
Gold assay (one of the IGRAs) and the TBGL-IgG as-
say in healthy adults was documented in our very re-
cent study in the Philippines.2

Of note, an increased risk of progression to active
TB was correlated with high antibody reactivity to
some TB antigens in HIV patients?2.23 and with ele-
vated TFN-vy production to early secreted antigenic
target-6 in those with household TB contacts,24 as the
adaptive immune system can recognise antigens pro-
duced by early M. tuberculosis replication that are
thought to be initiated months before the development
of active TB.22.23 However, no follow-up study was
undertaken in our HA+ subjects to elucidate risk of
active TB.

Taken together, we found that reduced specificity
of TBGL-Ab in adult TB patients is due to enhanced
humoral immune -responses against TRGL in HAs,
and that the high TBGL-IgG+IgA reactivity in HA+
controls might be specific and indicative of LTBI.
Further extensive evaluation of control subjects from

different population groups, including healthy sub-
jects and patients with other pulmonary diseases, and
careful follow-up studies, may clarify whether HA +
subjects are at greater risk of development of active
TB than in HA— subjects. This might be helpful for
the identification of potential markers for early TB
diagnosis and the prevention of progressive disease.
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RESUME

OBJECTIF : Evaluer chez les patients atteints de tuber-
culose pulmonaire (TBP) et chez les sujets-contréle
sains en Thailande des réponses en IgG et en IgA a
I’égard de I’antigéne tuberculeux-glycolipide (TBGL-
IgG et -IgA).

SCHEMA : Les titres d’anticorps anti-TBGL ainsi que
d’autres marqueurs liés a la TB ont été mesurés dans le
sérum de 24 adultes avec une TBP, 28 adultes sains (HA),
23 enfants avec une TBP et 24 enfants sains.

RESULTATS : Les titres tant de TBGL-IgG que de TBGL-
IgA ne sont significativement plus élevés que dans les cas
de TBP adultes comparés aux contrdles (P < 0,001 pour
I’ensemble). Le test TBGL-IgG est trés sensible (92%)
chez les patients TBP, mais des proportions relativement
élevées de TBGL-IgG (46%) et de TBGL-IgA (36%)

g o

chez les HA sont les causes d’une faible spécificité re-

spectivement de TBGL-IgG (54%) et de TBGL-IgA
(64%). La spécificité la plus élevée est celle de TBGL-
IgG+IgA (75%). Les titres d’anticorps sont en corré-
lation positive chez les HA doublement positifs pour
TBGL-IgG+IgA (HA+ 7/28 ; P < 0,01) mais non chez
les HA— (P > 0,05). Les taux sériques d’IgG ou d’IgA
ne sont pas en corrélation avec les taux de TBGL-IgG
ou de TBGL-IgA (P > 0,05). Les taux de KL-6 et de lep-
tine sont normaux et ne sont pas différents entre les
HA+ et les HA~, ce qui indique I’absence d’une TB ac-
tive chez les sujets HA.

CONCLUSION : Lesréponses renforcées TBGL-IgG+IgA
chez les HA pourraient indiquer une infection TB la-
tente. Une étude soigneuse du suivi chez les sujets HA
pourrait clarifier la signification du taux élevé d’anticorps
TBGL comme marqueur précoce de la maladie.

~RESUMEN

OBJETIVO: Se busc) evaluar la respuesta en IgG e IgA
al estimulo con el antigeno glicolipidico de tuberculosis
(TBGL) en pacientes con tuberculosis pulmonar (TBP)
y en testigos sanos en Tailandia.

METODO: Se cuantificaron los anticuerpos anti-TBGL
.y otros marcadores relacionados con M. tuberculosis en
el suero de 24 adultos con TBP, 28 adultos sanos (HA),
en 23 nifios con TB.y 24 nifos sanos.

RESULTADOS: La cuantificacién de TBGL-IgG y -IgA
dio resultados significativamente mas altos en compara-
cién con los testigos, solo en los adultos con TBP (P <
0,001 en todos). La determinacion de TBGL-IgG fue
muy sensible (92%) en los adultos con TBP, pero las fre-
cuentes proporciones positivas de TBGL-IgG (46%) y
TBGL-IgA (36%) en los adultos sanos condicionaron una
baja especificidad de estas mediciones (TBGL-IgG 54%;
TBGL-IgA 64%); la especificidad mas alta se obtuvo
al combinar ambas determinaciones, TBGL-IgG+IgA

{75%). Las concentraciones de ambos anticuerpos se
correlacionaron en forma positiva en el subgrupo de
adultos sanos con ambos titulos (TBGL-IgG+IgA) posi-
tivos (HA+ 7/28; P < 0,01) pero no en los HA con uno
solo de los titulos positivos (HA—, P > 0,05). Ni la con-
centracion sérica de IgG ni la concentracién de IgA se
correlacionaron con las concentraciones de TBGL-IgG o
de TBGL-IgA (P > 0,05). Las concentraciones de KL-6
y de leptina fueron normales y no mostraron diferencias
entre los subgrupos de HA+ y HA—, lo cual indica la
ausencia de TB activa en los HA.

CONCLUSION: Un aumento de las respuestas en IgG e
IgA al antigeno TBGL en los HA podria estar en favor
de una infeccién tuberculosa latente. Un cuidadoso estu-
dio de seguimiento de los HA podria definir la significa-
ci6n de una alta concentracion de anticuerpos contra el
TBGL como marcador temprano de TB.
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Induction of pathogen-specific CTL in the mouse and
monkey models of tuberculosis
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Abbreviations: CTL, cytotoxic T cell; Ksp37, Killer-specific secretory protein of 37kIa; 15K granulysin, 15 kilodalton granulysin;
HV]J, hemagglutinating virus of Japan; MDR-TB, multi-drug resistant tuberculosis; TB, Mycobacterium Tuberculosis

Results: HSP65 + 1L-12 DNA vaccine showed higher protective efficacy compared with BCG in both mouse and monkey

models of TB. It induced the TB-specific CTL in the mouse model of TB, while littie level of activity was observed after
the injection of BCG. It also showed strong therapeutic efficacy against MDR-TB. In the monkey model, the vaccine
augmented the production of IFN-y and IL-2 from PBL and the therapeutic effect was correlated with the level of IL-2. We
next evaluated the potential of DNA vaccine encoding a granulysin, which is an important defensive molecule expressed
by human T cells. We found that granulysin-encoding vaccine induced the differentiation of the CTL in vitro and in vivo.
It also showed therapeutic efficacy against TB in the monkey as well as the mouse model. The DNA vaccine encoding a
Ksp37 also induced the TB-specific CTL in vitro and in vivo in the mouse model. It augmented the production of IL-2, IFN-y
and IL-6 from T cells and spleen cells. A synergistic effect on the activation of the TB-specific CTL was observed by the
combination of Ksp37 DNA vaccine with granulysin DNA vaccine.

Purpose and Methods: Emergence of the multi-drug resistant (MDR) Mycobacterium tubercuiosis (TB) is a big prob-
lem in the world. We have developed novel TB vaccines [DNA vaccines encoding HSP65 + IL-12, granulysin or killer
specific secretory protein of 37kDa (Ksp37)] using Hemagglutinating virus of Japan -envelope (HVI-E). It is suggested
that the activity of the TB-specific CTL is one of the most important factor for the resistance to TB and immunity for TB in
chronic human TB disease. Therefore, we examined the level of activation of the TB-specific CTL after the administration
of these vaccines.

Conclusion: These data indicate that our novel vaccines (HSP65 + [L-12 DNA, granulysin and Ksp37) have a capability to
activate the TB-specific CTL and will be very strong protective and therapeutic vaccines against TB,

Introduction

Tuberculosis is a major global threat to human health, with about
2 million people dying every year from Mycobacterium tuber-
culosis (TB) infection. The only tuberculosis vaccine currently
available is an artenuated strain of Mycobacterium bovis BCG
(BCG), although its efficacy against adult TB discase remains
controversial. Furthermore, mulii-drug resistant tuberculosis

(MDR-TB) and extremely drug resistant TB (XDR-TB) are
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becoming big problems in the world. It has been reported that a
cytotoxic T-lymphocyte (CTL) is activated during the induction
of host protective immune responses to TB."' In such circum-
stances, the development of therapeutic vaccine against TB as
well as prophylactic vaccine against TB is expected. Therefore,
we have recently developed a novel TB vaccine, a DNA vaccine
expressing mycobacterial heat shock protein 65 (HSP65) and
interleukin-12 (IL-12) delivered by the hemagglutinating virus
of Japan (HVJ)-liposome (HSPG5 + IL-12/HV]). This vaccine
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Figure 1. HVJ-Envelope exerts strong adjuvant activity by the induction of CTL/NK and repression of regulatory T cells via the activation of dendiritic

was 100 fold more efficient than BCG in the murine model on
the basis of the elimination of M. ruberculosis, which is medi-
ated by the induction of CTL.">* Furthermore, the HSP65 +
I1-12 vaccine delivered by HVJ-envelope was 10,000 fold more
cfficient than BCG in the murine TB-prophylactic model. This
vaccine induced a strong activity of CTL against TB, while BCG
vaccine induced lictle activitcy of CTL in the same model. It is
considered that CTL is most important lymphoid cells for che
immunity to TB in chronic human TB diseases. In the present
study, we analyzed CTL activity and IFN-y production after
the vaccination with our vaccines. We also evaluated the pro-
phylactic effect in the cynomolgus monkey and mouse models
of TB. A nonhuman primate model of TB is an excellent model
of human tuberculosis and provides a lot of information for vac-

cine development. In fact, we previously evaluated the protec-

tive effects of HSP65 + I1-12/HV]J vaccine in the cynomolgus
monkey model and obtained a data indicating the synergistic
effect of the HSP65 + [L-12/HV] and BCG injected by a prime-
boost method.>” The combination of the two vaccines showed a
strong prophylactic efficacy in the monkey model infected with
M. tuberculosis (100% survival). We have previously obtained a
similar data in the monkey model of TB.>%# In the present study,
we examined the production of cytokines (IFN-y and [L-2) from
PBI. and revealed the corrclation of cytokine levels and efficacy
in the monkey model of TB. We also compared the production
levels of these cytokines between the corabinatorial vaccination
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(BCG prime and HSP65+1L12/HV] vaccine boost) group and
BCG vaccination group. We also evaluated the potential of other
novel vaccines (DNA vaccines encoding granulysin or Ksp37),
which were expected to induce the differentiation of CTL against
TB. Granulysin is a protein secreted from T cells and NK cells
and has an andbacterial effect on TB. Killer-specific secretory
protein of 37 kDa (Ksp37) vaccine also showed anti-TB efficacy
mediated by the induction of CTL. Synergistic effect on the acti-
vation of CTL in vitro was observed by the simultaneous admin-
istration of Ksp37- and granulysin-based vaccines. In the present
study, we further demonstrated the correlation of the activation
of CTL and the efficacy of these novel vaccines (HSPGS + 1L-12/
HVJ-E DNA vaccine, granulysin vaccine and Ksp37 vaccine) in
the mouse and monkey models.

Results

Induction of CTL by HSP 65+1L-12/HV] DNA vaccine in the
mouse model of TB. The advantage of HV]-Envelope vector is
shown in Figure 1. (1) HV]-Envelope is efficient delivery system
and functions as an adjuvant for DNA vaccine, (2) It induces
CTLand NK cell, (3) Itinduces a production of IL-6 which sup-
presses the regulatory T cell (T reg) and (4) It activates the innate
immunity by the stimulation of RIG-I signaling pathway.

Mice were immunized three times with the I'NA vaccine
using HV]-Envelope every thiree weeks. Four weeks afrer last
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