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Patent Application Publication  Nov. 4,2010 Sheet 1 of 8 US 2010/0279324 A1
1000- o
,% zgg p=04563
U = O
o Q
o !
v 600+
=  500- o0 5
® 400+ Oty o
o
o 300 o o =
©  200- a0 e
o
n  100- oo® 00
0- AI\T Y
Active TB patients  Healthy controls
900 o
] 5001 —
0 125
o 100 C o Q
o 75 ant
T a2t
N 50 |
o 40 QA0
O Q
o 30 © o
g 2 ®og 00
n 10 Q000 QO A0
0 e O > £ PPALY,

Active Té patients

FIG. 2

Healthy 'controls



Patent Application Publication  Nov. 4,2010 Sheet 2 of 8 US 2010/0279324 A1

850 O
9 600
E 350 O p=00007
o 300
o 250-
X o) o
T 200+ 0
0 .
o 150- gﬂ
A o)
o -
i B
0 S0 ~L5-54
Active TB patients  Healthy controls
863-1 1 1gG1
] ez anti-CD1b
B61 V2277777700000
o i
Y ]
o
S 777777,
S —
B 43_1
]
I ] - 1 1 ] ) 1 1
0 10 20 30 40 50 60 70 80
% inhibition

FIG. 4



Patent Application Publication

1000-

~

o

S
[

A
Q
==
J ]

250+

SFC / 1x10° PBLs

Nov. 4,2010 Sheet 3 of 8 US 2010/0279324 Al
o)
© o)
o
008 o)
o) o o
OO OO 0]
OOQo o— o 0
fo} 00 o OO
& C 0
od e o)
00©° 00 o 0

Diagnosis 1 m;)nth 3 m:)nth 6 month 12 month

FIG. 5

8501 0O o
550
0 e
%’ 250 0 O p 0.03
& 250 o 1 o
©
> ol )
15 20
~ 0]
01004 & ~O°
7] 50- 908 0
8@“’ 800 2
0-

Diagnosis 1 month 3 month 6 month 12 m'onth

FIG. 6



Patent Application Publication  Nov. 4,2010 Sheet 4 of 8 US 2010/0279324 A1

SFC / 1x10° PBLs

FIG. 7

SFC / 2.5 x 10° PBMCs

Diagnosis 1imonth 3month 6month 12 m'onth

FIG. 8



Patent Application Publication  Nov. 4,2010 Sheet 5of 8 US 2010/0279324 A1

SFC / 2.5 x 10° PBMCs

SFC /2.5 x 10° PBMCs

Diagnosis 1month 3month 6month 12 month

FIG. 9

~J
9]

N
Q

N
N

mycolic acid ESAT-6 CFP10

FIG. 10



Patent Application Publication  Nov. 4,2010 Sheet 6 of 8 US 2010/0279324 A1

° -}~ Mycolic acid
o —/TB lipids
, -¥-PPD
X ~0~ESAT-6
o -i-CFP10
g
e
2
0
Q
)]
1'5
Month
FIG. 11a
B49
=L }= Mycolic acid
=/~ TB lipids
—¥-PPD
=O=ESAT-6
-3~ CFP10

spots per 2.5x10° PBLs

3 4 5 6 7
Month

FIG. 11b

o
—
N =



Patent Application Publication ~ Nov. 4,2010 Sheet 7 of 8 US 2010/0279324 A1

“ =}~ Mycolic acid
Y ——TB lipids
5 ~¥-PPD
x -~ ESAT-6
o -ii- CFP10
o
Q.
2
o]
Q
0
L} v L) % |
o 1 2 3 4 5 6 1
Month
FIG. 11c
B52
250
] =[J-Mycolic acid
D 200 -/~ TB lipids
-, -¥-PPD
> 150 ~O~ESAT-6
o -ii-CFP10
& 100
Q
]
5 S0
o i
0 ) v L
o 1 2 3 4 5 6 7
Month

FIG. 11d



Patent Application Publication  Nov. 4,2010 Sheet 8 of 8 US 2010/0279324 A1

=S5

==
R R S SSSESS

£ 2 7 7 7 7 Z. 7 7 7 7 7 7 7

L A N R R R N e R R R R RO EAES
o
P
S a
ﬁ G
, )
L
= |(—"D (N
| 7 7 7 7 7 <
LLI [ ]
]
ﬁ T LI
Q
s§ @
Q
@ (o]
‘ (8]
sy S
Y2 [Z2 7 Z VA4 / AR AR .4 Z Z y Z D

"k\

n

) ¥
() o
o n
N -—

s7dd 000 06 Jed sjods

T 1
o o
n o
N -~

300



US 2010/0279324 Al

ASSAY FOR DETECTING MYCOBACTERIAL
INFECTION

SUMMARY

[0001] Thecurrentinventionrelates to an assay fora detect-
ing mycobacterial infection in a subject by detecting ex vivo
T cells specific for mycolic acid antigens.

BACKGROUND

[0002] Mycobacterial infection in the form of M. tubercu-
losis is a major problem worldwide, with one new infection
every second. Tuberculosis is a chronic, infectious disease,
that is generally caused by infection with Mycobacterium
tuberculosis.

[0003] Itis amajor disease in developing countries, as well
as an increasing problem in developed areas of the world.
Overall, one-third of the world’s population is currently
infected with tuberculosis bacilli. 5-10% of otherwise healthy
people who are infected with M. tuberculosis become sick or
infectious at some time during their life. However, immuno-
compromised people, such as those with HIV, who are also
infected with M. tuberculosis are much more likely to develop
TB.

[0004] Although the infection may be asymptomatic for a
considerable period of time, it may reactivate resulting in a
disease that is most commonly manifested as a chronic
inflammation of the lungs, resulting in fever and a cough. If
left untreated, serious complications and death typically
result. Current estimates suggest that there are 9 million new
cases of TB per year and almost 2 million deaths. For every
patient definitively diagnosed with TB, many more are evalu-
ated for suspected TB (World Health Organization. 2006).
[0005] A definitive diagnosis of active TB is made by cul-
turing the TB bacterium, M. tuberculosis, from clinical speci-
mens. However, culture results take 2-8 weeks to become
positive and, in a substantial minority of patients (20-50%)
cultures are negative. Therefore, alternative, newer diagnostic
tests for active TB are urgently required (reviewed in Dinnes
et al, Health Technol Assess. 2007).

[0006] Some tests of TB infection test for sensitisation of
the cellular immune system to M. tuberculosis proteins. The
most widely-used of these is the tuberculin skin test (also
known as the PPD test or Mantoux test or Tuberculin Sensi-
tivity Test or Pirquet test) which is over 100 years old. This
test is based on identifying a response to exposure to tuber-
culin which is a glycerine extract of the tubercule bacilli. The
standard material used in this test is purified protein derivative
tuberculin (PPD) which is a precipitate of non-species-spe-
cific molecules obtained from filtrates of sterilized, concen-
trated cultures.

[0007] The test comprises intradermal injection of a stan-
dard dose of 5 Tuberculin units (0.1 m1) into the volar aspect
of the forearm. The results are obtained through clinical
examination 48 to 72 hours later. A person who has been
exposed to the bacteria is expected to mount a delayed type
hypersensitivity immune response in the skin containing the
bacterial proteins. Whereas, no response will be seen in indi-
viduals who have not been exposed to TB (http://www.cdc.
gov/nchstp/tb/pubs/Mantoux/partl htm).

[0008] This test has a number of problems, firstly, it
requires re-examination of the patient 3 days after the initial
injection of the tuberculin, which is not always easy or con-
venient. Secondly. the results are subject to interpretation by
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the person undertaking the examination. Thirdly, interpreta-
tion is complicated in patients who have had BCG vaccine or
who have been exposed to other mycobacteria as this may
result in the presentation of false positives. Fourthly, the test
is not particularly sensitive and so can also result in a number
of false negatives (Chaturvedi N et al. 1992).

[0009] Inthe last several years, a new generation of cellular
immune-based tests have been developed and are entering
clinical practice. They measure ex vivo interferon-gamma T
cell responses from blood samples after overnight incubation
with protein antigens, notably ESAT-6 and CFP-10, that are
present in M. tuberculosis but absent from BCG. Hence, test
results are not confounded by prior BCG vaccination. Two
commercially available assay formats exist: enzyme-linked
immunospot (ELISpot) and enzyme-linked immunoassay
(ELISA). The ELISpot assay was developed, patented and
clinically validated by one of the inventors of the current
invention. These assays appear to be a significant advance in
the diagnosis of M. tuberculosis infection. Both assays are
more specific than the skin test and the ELISpot is also more
sensitive. However, while it is known that persons with posi-
tive skin test results after TB exposure have an increased risk
of progression to active TB over the subsequent few years
(thereby indicating that a positive skin test result reflects
latent infection with dormant but viable bacilli that retain
disease-causing capability), the prognostic value of a positive
T cell-based interferon gamma (TIGRA) result in recent TB
contacts is unknown. Hence, it is not yet certain whether
positive TIGRA results indicate infection with dormant but
still-viable bacilli with disease causing capability.

[0010] Both the skin test and the TIGRA tests suffer key
disadvantages:
[0011] Firstly, they cannot differentiate active TB infection

form latent TB infection.

[0012] Secondly, although TIGR As are more dynamic than
the skin test in that the strength of response declines with
successful anti-TB therapy (Lalvani et al, J Inf Dis 2001,
Pathan et al, ] Immunol 2001; Lalvani et al am j resp crit care
med 2001; Lalvani et al lancet 2001; Ewer et al Lancet 2003),
there is very wide inter-individual variation in the decline and
a substantial proportion of patients continue to have positive
blood test results long after completion of treatment (Ewer et
al, Am J Resp Crit Care Med 2006; Chee et al, Am J Resp Crit
Care Med 2006; Millington et al, ] Inmunol 2007). Hence,
early expectations that these assays, particularly ELISpot,
could be used to monitor anti-TB treatment, or could be used
as a test of cure, have not been fulfilled by longitudinal stud-
ies. This is likely because HLA class I and class Il-restricted
peptide-specific CD8 and CD4 memory T cells persist long
after treatment, at a level sufficient to still give positive
responses in TIGRAs (Millington et al J Immunol 2007).
[0013] Thirdly, they have limited diagnostic sensitivity,
which limits the clinical usefulness of the tests to some extent.
This is because the value of negative test results depends on
very high diagnostic sensitivity in order to rule out a sus-
pected diagnosis of TB.

[0014] Itis an object of the present invention to provide an
improved cellular immune-based test for identifying myco-
bacterial infection which overcomes the above limitations of
the skin test and the TIGRAs.

[0015] According to the present invention there is provided
a method of assessing mycobacterial infection in a subject
comprising;
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i. exposing at least one CD1 molecule or analogue to mycolic
acid or a mycolic acid analogue;

ii. incubating the at least one CD1 molecule or analogue with
a sample comprising at least one T cell isolated from the
subject;

iii. measuring the T cell response and/or the number of
mycolic acid specific T cells present in the T cell sample.
[0016] As used herein, the term assessing includes; diag-
nosing mycobacterial infection manifesting as TB; diagnos-
ing latent mycobacterial infection which does not manifest as
disease; differentiating between active and latent mycobac-
terial infection; and monitoring the progress or change in the
status of mycobacterial infection over time. Wherein the
change may occur spontaneously or as a result of treatment
with a drug or vaccine or a test drug or test vaccine.

[0017] Itwill be further apparent to the skilled person that
step 1i. of the method may be performed concomitantly with
or subsequently to step i.

[0018] In one embodiment, the at least one CD1 molecule
or analogue comprises at least one dendritic. It will be under-
stood by the skilled person that the use of dendritic cells to
present the CD1 molecules is not essential to the present
invention. CD1 molecules may be presented in any suitable
manner known to those skilled in the art.

[0019] Dendritic cells are cells which form part of the
immune system. These cells process antigenic material and
present it on their surface for recognition by other cells of the
immune system. They are found in an immature state in the
blood and once activated migrate to the lymphoid tissue
where they are involved in initiation and control of immune
response.

[0020] Inapreferred embodiment at least one dendritic cell
is produced by culturing ex vivo at least one monocyte iso-
lated from the subject.

[0021] Within the body, monocytes are produced from
monoblasts in the bone marrow and released into the circu-
lation where they circulate in the blood for 1 to 3 days before
moving into the tissues of the body.

[0022] Alternatively, the at least one CD1 molecule or ana-
logue may comprise an artificially synthesised CD1 mol-
ecule. This strategy designed to circumvent the requirement
for autologous DC generation, would involve immobilisation
of lipid-loaded CD1b monomers onto a substrate. In a pre-
ferred embodiment, the substrate is pvdf-coated substrate.
[0023] In a further preferred embodiment, lipid-loaded
CD1b monomers can be immobilised on the surface of MHC
class I and class II negative cells in the same manner used by
Savage et al with MHC class I monomers (Ogg GS et al.
2000), incorporated herein by reference.

[0024] Ina further alternative embodiment, the at least one
CD1 molecule or analogue may be derived from a cell line
expressing CD1 molecules. It will be apparent that this cell
line could be used as a means of presentation.

[0025] Preferably, the CD1-expressing cell line is also
MHC class I and class II negative. For example, De La Salle
et al, incorporated herein by reference, have used MHC-
positive THP-1 cells transfected with CD1b to activate CD1b-
restricted T cell clones (de la Salle, Mariotti et al. 2005).
[0026] In a preferred embodiment the T cell response is
compared to that seen upon contacting said T cell with den-
dritic cells not previously exposed to mycolic acid. It will be
understood that an increase in the T cell response when con-
tacted with dendritic cells exposed to mycolic acid compared
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to that seen in dendritic cells not exposed to mycolic acid
indicates mycobacterial infection.

[0027] Preferably, the T cells are CD1 restricted T cells.
[0028] There are anumber of advantages of using detection
of mycolic acid T cell responses as a means to diagnose
mycobacterial infection. Lipid antigens are presented by the
CD1 molecules which are expressed in all humans and are not
highly polymorphic like the MHCI and MHCII molecules
which present peptide antigens (including ESAT-6 and
CFP10). This means that antigen-presenting cells in all
humans can potentially present mycolic acid, in contrast to
protein antigens where presentation of peptide epitopes to T
cells is limited by an individual’s genetic make-up, i.e. tissue
type or HLA haplotype. Therefore, a mycolic acid-based
diagnostic test will allow high diagnostic sensitivity in out-
bred genetically heterogeneous populations.

[0029] CD1 molecules themselves are a family of glyco-
proteins expressed on the surface of various human antigen
presenting cells and are subdivided into group 1 and group 2
CD1 molecules. Group 1 CD1 molecules present foreign lipid
antigens and specifically a number of mycobacterial cell wall
components, to CD-1 specific T cells, making them particu-
larly suitable for use in identifying mycobacterial infection
(Manfred Brigl et al. 2004).

[0030] It is likely that the long-term immunological
memory that is a hallmark of HLA class I and class II-re-
stricted CD8 and CD4 peptide-specific T cells is quite differ-
ent in CDl1-restricted T cells, which represent a hybrid
between innate and adaptive immunity. It follows that when
CD1-restricted lipid antigens are cleared from the body, e.g.
after successful anti-TB treatment, that CD1 -restricted T cells
will decline greatly in numbers, in contrast to peptide-specific
memory T cells which persist at increased numbers for many
years after treatment of infection (Millington et al, J Immunol
2007).

[0031] For these reasons, quantitative detection of lipid-
specific CD1-restricted T cells (or their products) may differ-
entiate between active TB disease (where bacterial burden is
high) onthe one hand andlatent TB infection (where bacterial
burden is low) on the other. Furthermore, it may also distin-
guish between untreated active TB and successfully treated
TB infection (where it is believed that no bacteria remain).
The methods ofthe current invention also allow monitoring of
the levels of infection, whether active TB or latent infection,
during treatment.

[0032] These would be significant advantages over
TIGRAs and would imply that the current invention might
replace protein-based TIGRAs or may work in a synergistic
and complementary manner with the information they pro-
vide.

[0033] Because detecting T cells or T cell responses spe-
cific for mycolic acid may differentiate between active TB
infection and latent infection and since no T cell-based diag-
nostic test developed to date has both high diagnostic sensi-
tivity and reliably distinguishes active TB disease from latent
TB infection the current invention provides a clear advantage
over existing tests.

[0034] Mycolic acids themselves are long fatty acids found
in the cell walls of the mycolata taxon of bacteria where they
form the major component of the cell wall. Long mycolic
acids possessing between 60-90 carbons are found in all the
genera of Mycobacterium and therefore may be useful in
diagnosing infections by other mycobacterium in sick indi-
viduals not presenting TB associated symptoms, including M.
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leprae and M. avium. M. tuberculosis produces three main
types of mycolic acids Alpha-, methoxy- and keto, of which
alpha-mycolic acids comprise at least 70% (Brenner et al.
1995).

[0035] In one embodiment, the T cells are in the form of
peripheral blood lymphocytes (PBL’s).

[0036] PBL’s are mature lymphocytes that are found circu-
lating in the blood. as opposed to being located in organs such
as lymph nodes, spleen, thymus, liver or bone marrow.
[0037] In a further embodiment, T cells are isolated from
body fluids taken from sites of active TB disease, for example
bronchoalveolar lavage (lung washings) or pleural effusions
or cerebrospinal fluid or ascites.

[0038] However, it will be understood that any body fluid
containing T cells can be used in the methods of the current
invention, which are not restricted to T cells from disease sites
or blood. The envisaged body fluids include bronchial alveo-
lar lavages (BAL), lung biopsy, sputum (including induced
sputum), ascites, pleural fluid, pleural biopsy, lymph node
biopsy, joint aspirate, cerebral spinal fluid, soft tissue abscess
and any other affected part of the body.

[0039] Preferably, the T cell response measured is secretion
of one or more cytokines and/or chemokines or expression of
one or more markers of T cell activation.

[0040] Preferably, the cytokineis IFN y. However, it will be
apparent to the skilled person that other cytokines, for
example TNF-a or IL-2, and/or chemokines, for example
RANTES, MCP-1 or MIP1-a, can be employed in the
method of the current invention.

[0041] It will be readily apparent to the skilled person that
the cytokine or chemokine can be detected by any suitable
technique known in the art, for example, ELISPOT or intra-
cellular cytokine staining followed by flow cytometry, or
cytokine secretion and capture assay or ELISA or whole-
blood ELISA.

[0042] Inan alternate embodiment, mycolic acid specific T
cell numbers are measured. The skilled person will under-
stand that this can be done by a number of methods well
known in the art, for example tetramer or pentamer staining
followed by flow cytometry (Klenerman P et al, Tracking T
cells with tetramers: new tales from new tools, Nat Rev
Immunol. [2002] 2(4):263-72).

[0043] It will further be apparent that the presence of
mycolic acid specific T cells indicates mycobacterial infec-
tion.

[0044] Preferably, the mycobacterial infection is M. tuber-
culosis(TB) infection.

[0045] Preferably, the mycolic acid is isolated from myco-
bacteria. More preferably, mycobacterium is M. tuberculosis
complex.

[0046] It will be obvious that the methods of the invention
may be useful in any mammal.

[0047] In preferred embodiments, the methods are for use
in medical and/or veterinary fields, for example in the diag-
nosis of mycobacterial infection in domesticated mammals
including livestock (e.g. cattle, sheep, pigs, goats, horses orin
wild mammals, such as those captive in zoos).

[0048] In the most preferred embodiment of the current
invention, the subject is a human.

[0049] In a further preferred embodiment, the subject is
receiving or has previously received a therapeutic interven-
tion.

[0050] Preferably, the method further comprises compar-
ing the status of infection to the previously determined status
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of said infection in said individual, thereby monitoring the
effectiveness of said therapeutic intervention in said indi-
vidual.

[0051] It will be readily apparent that the methods of the
current invention can be used in combination with any previ-
ously known test for diagnosing Mycobacterial infection. For
example, the current methods could be used to augment diag-
nostic sensitivity of existing T cell-based diagnostic tests of
TB infection, e.g. those using protein antigens encoded in
MTB Region of difference-1.

[0052] According to a further aspect of the present inven-
tion there is provided a product, combination or kit for assess-
ing mycobacterial infection in a subject, comprising at least
one CD1 molecule or analogue, and a T cell response detec-
tion means.

[0053] In a preferred embodiment said T cell response
detection means is at least one antibody. More preferably, the
antibody is specific for a cytokine, chemokine, or a marker of
T cell activation or proliferation. Even more preferably, the
antibody is a mAB.

[0054] It will be understood that any feature of the method
of the first aspect can be incorporated into the product com-
bination or kit of the second aspect.

[0055] The invention will now be further described with
reference to the following example, in which:

[0056] FIG. 1 shows the PPD response of healthy individu-
als compared to individuals infected with TB.

[0057] FIG. 2 shows the mycolic acid response of healthy
individuals compared to individuals infected with TB.
[0058] FIG. 3 shows the total M. tuberculosis lipid lysate
response of healthy individuals compared to individuals
infected with TB.

[0059] FIG. 4 shows blocking of mycolic acid-specific
responses in TB patients by an anti-CD1b antibody.

[0060] FIG. 5 shows the evolution of PPD-specific
responses in TB patients during the period of treatment.
[0061] FIG. 6 shows the evolution of M. tuberculosis lipid
lysate-specific responses in TB patients during the period of
treatment

[0062] FIG. 7 shows the evolution of Mycolic acid-specific
responses in TB patients during the period of treatment.
[0063] FIG. 8 shows the evolution of ESAT-6-specific
responses in TB patients during the period of treatment.
[0064] FIG. 9 shows the evolution of CFP10-specific
responses in TB patients during the period of treatment.
[0065] FIG. 10 shows a comparison of mycolic acid-spe-
cific responses and ESAT-6 and CFP10-specific responses in
TB patients after 6 month of treatment.

[0066] FIG. 11 shows the evolution of responses to PPD,
mycolic acid, M. tb lipids, ESAT-6 and CFP10 in individual
TB patients during the period of treatment.

[0067] FIG. 12 shows responses to mycolic acid, ESAT-6
and CFP10 in TB patients at diagnosis.

EXAMPLE 1

Methodology

[0068] Operating protocol for the processing of blood
samples from MTB infected patients and assessing T cell
response

Day 0

[0069] PBMCs (peripheral blood mononuclear cells) are
isolated by density gradient centrifugation using Lymphop-



US 2010/0279324 Al

rep™ (AXIS-SHIELD UK Itd, Huntingdon, UK). Cells were
then washed twice with RPMI 1640 medium and resuspended
in a 2% Human serum media (RPMI 1640, 2% human serum,
2 mM L-glutamine and 100 U/ml penicillin-streptomycin) at
6x10° cells/ml. The PBMCs are then incubated for one hour
at 37° C. in medium culture flasks. Non-adherent cells are
washed off with three washes of warm PBS (saline solution),
and adherent cells are incubated at 37° C. overnight in 5%
human serum media with GMCSF (at a 1:1000 dilution). The
washed-off PBLs (peripheral blood lymphocytes) are frozen
down in a 10:1 foetal-calf serum, DMSO solution at 15x10°
cells/ml at -80° C., and transferred into liquid nitrogen the
next day.

Day 1

[0070] Monocytes are harvested by washing with cold PBS
and plated at 1x10° cells per well on a 48-well culture plate at
2x10%ml in 5% human serum media+IL-4 (1:1000)+
GMCSF (1:1000). The ELISPOT plate is washed 6 times with
PBS and 50 ul. of a 1:200 7-B6-1 ALP detection antibody
(Mabtech, Sweden) in PBS solution is added to the wells and
left to incubate at room temperature for 90 min. After 6
washes with PBS 50 uLL of the BCIP/NBT substrate is added
to each well for 10 min. The plate is then washed under the tap
and left to dry.

Day 3

[0071] Monocytes are fed by adding 1 ml of 5% human
serum+GMCSF (1:1000)

Day 6

[0072] The cultured monocytes (now immature DCs) are

pulsed with 4 ul of a 100 ug/ml solution of antigen solubilised
in DMSO. The antigens used are PI, Mycolic acid, total TB
lipid lysate and DMSO. Prior to pulsing of immature DCs, the
lipids solubilised in DMSO are heated for 10 minina 70° C.
waterbath, to ensure full solubilisation.

Day 7

[0073] The cultured DCs are harvested through multiple
suction and resuspended in a 10% HS media at 1x106 cells/
ml. PBLs from the same patient are thawed in a 37° C.
waterbath and washed twice with RPMI, they are then resus-
pended in a 10% HS media at 10x106 cells/ml.

[0074] 200 uL of 10% HS media is added to wells from a
96-well precoated PVDF (polyvinylidene fluoride) mem-
brane plate coated with a cytokine specific capture mAb
(monoclonal antibody) 1D1-k (Mabtech, Sweden). The plate
is incubated at 37° C. for 60 min. The wells are emptied and
50uL ofthe PBLs +100 uLL of DCs are added to each well. The
plate is left overnight at 37° C.

Day 8

[0075] The ELISPOT plate is washed 6 times with PBS,
and 50 ulL of a 1:200 7-B6-1 ALP detection antibody
(Mabtech, Sweden) in PBS solution is added to the wells and
left to incubate at room temperature for 90 min. After 6
washes with PBS, 50 uL of the BCIP/NBT substrate is added
to each well for 10 min. The plate is then washed under the tap
and left to dry.

[0076] Operating protocol for the refolding of CD1 mol-
ecules Guanidine-denatured CDI1b proteins were renatured
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by dilution refolding at 6-8° C. 500 ml of refolding buffer
(100 mM Tris pHS, 400 mM L-arginine, 2 mM EDTA, 5 mM
reduced glutathione, 0.5 mM oxidized glutathione and 0.1
mM PMSF) was prepared in a 500 ml beaker. The refolding
buffer was stirred constantly using a magnetic stirrer. 5 mg of
BPI was added to the refolding mix, by first pre-diluting the
protein 1 in 5 with refolding buffer. After 45 min, 500 uM of
the CTAB detergent was added to the refolding buffer fol-
lowed by addition of 1.5 pg of lipid. Lipid was previously
dried and resuspended in 1 ml of a vehicle solution (0.05%
Tween, 20 mM NaCl), and heated for 10 min in a 60° C. water
bath. 15 mg of denatured CD1b, diluted 1 in 5 with refolding
buffer, was added in 5 aliquots over three days. 12 molar
equivalents (relative to CTAB) of methyl-f-cyclodextrin
(mCAB) were then added. Refolded protein was then con-
centrated with Amicon stirred cells to 7 ml, filtered through a
0.2 uM filter and biotinylated. The complex was then purified
using gel filtration performed with a Pharmacia 26/60 Super-
dex 200 column in 20 mM Tris, 150 mM NaCl at pH 8, using
the Pharmacia AKTA FPLC system.

[0077] The refolded CD1 molecules may then be used to
assess T cell responses in the methods of the current inven-
tion.

Results

[0078] In order to assess the accuracy of the method of the
current invention, the response of T cells present in the PBL’S
to mycolic acid was compared in a number healthy donors
(BCG vaccinated) with no known exposureto M. tuberculosis
and a number of active TB patients. Table 1 shows the demo-
graphic and clinical characteristics of the test subjects.

TABLE 1

Clinical and demographic data

Active TB
patients (%)

Healthy

Characteristic Controls (%)

Total 30 12
Age (years) 38.25 21.6
(median, range) (22,62) (21,37
Male 20 (67%) 7 (64%)
FEthnicity

Indian sub- 16 (53%) 3 (18%)
Black African 10 (33%) 0
Caucasian 4 (14%) 9 (82%)
BCG vaceinated 16 (53%) 12 (100%)

Site of Disease

Pulmonary 17 (57%)
Extra-pulmonary 6 (20%)
Lymph nodes

Musculoskeletal 5 (17%)
PSOAS Abcess 1 (3%)
Non-classified 1 (3%)
Positive M. th 22 (73%)

[0079] In order to compare the accuracy of the results for

mycolic acid with those to other antigens, the responses to
several of these were also measured. The other antigens mea-
sured were the lipid vehicle alone (DMSO) used as a negative
control (data not shown), phosphotidylinositol (PI), also used
as anegative control to verify that activation of T-cells was not
only due to antigen processing and was lipid-specific, PPD
and a total M. tuberculosis lipid lysate.
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[0080] ESAT-6 and CFPI10, two proteins from the RD-1
region of M. th, a region deleted in BCG, and currently used
in two different diagnosis tests (T-SPOT and Quantiferon-
gold) were used as a basis for comparison. Phytohaemaglu-
tinin (PHA) was used as a positive control in all experiments
(data not shown).

[0081] T cell response was measured by enumerating IFN-y
Spot Forming Cells in both healthy controls and active TB
patients.

[0082] The responses to mycolic acid, PPD and total M.
tuberculosis lipid lysate were normalised to the PI response.
The numbers represent the number of spots observed per 500
000 PBLs (peripheral blood lymphocytes). A cut-off point of
6 was selected by consideration of what value provides the
best separation of data points for TB patients and healthy
controls.

[0083] The data was subjected to a Mann Whitney analysis
with the hypothesis that active TB patients would have a
higher response than healthy controls.

[0084] FIG. 1 shows PPD responses observed in both
healthy controls and active TB patients. When applying the
Mann Whitney test, no statistically significant difference was
observed between the two groups in response to challenge
with PPD, p=0.4563.

[0085] However, FIG. 2 shows that mycolic acid-specific
responses are statistically significantly higher in patients with
active TB compared to healthy BCG-vaccinated controls
(p=0.0004). Applying a cut-off value of 6 spots, over which
responses are considered positive, yields high diagnostic sen-
sitivity of 80% (24 out of 30 TB patients were positive) and
high diagnostic specificity of 100% (12 out of 12 BCG-
vaccinated healthy controls were negative).

[0086] T cell responses to total TB lipid lysate in both
healthy controls and active TB patients were also measured
and the results are shown in FIG. 3. When applying a Mann
Whitney test with the hypothesis that active TB patients
would have a higher response than the healthy controls, p=0.
0007 is obtained.

[0087] A previous study (Ulrich et al 2003) showed a sta-
tistically significant difference in T cell responses between
persons with presumed latent TB infection (PPD+) and
healthy controls presumed to be uninfected (PPD-) when
using a total M. tuberculosis lipid lysate as the target antigen.
Our results suggest that a similar difference inthe IFN-y T cell
response to whole lipid lysate exists between healthy unin-
fected individuals and active TB patients. However, quanti-
tative responses to a total M. tuberculosis lipid lysate is less
specific, with 5 uninfected controls scoring positive.

[0088] Thus mycolic acid is a more advantageous antigen
to use in a TB diagnostic test.

[0089] Using an anti-CD1b antibody, it was ascertained
that the mycolic acid-specific response is CD1b restricted, see
FIG. 4.

[0090] Responses to M. tb lipids, mycolic acid, PPD,
ESAT-6 and CFP10 were followed during treatment. FIGS. 6
and 7 show that responses to M. tb lipids and mycolic acid,
respectively, are reduced during the period of treatment, giv-
ing a statistical difference of p=0.03 and p=0.04 respectively
between diagnosis and 6 months of treatment, where as PPD-
specific responses remain stable, as shown in FIG. 5. In the
case of mycolic acid, responses reach undetectable levels in
most patients at the 6 month time point and appear to remain
so 12 months after diagnosis.
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[0091] This reduction in the magnitude of responses during
treatment can also be observed with ESAT-6 and CFP10, see
FIGS. 8 and 9 respectively. However, most patients tend to
still have a positive response to either of these two protein
antigens after 6 months of treatment and these responses
appear to remain detectable up to 12 months after diagnosis.
When directly comparing mycolic acid, ESAT-6 and CFP10
responses at 6 months after diagnosis, most patients do not
respond to mycolic acid, while ESAT-6 and CFP10 responses
tend to remain detectable, see FIG. 10. Therefore, mycolic
acid-specific responses may be useful in the diagnosis of
active disease.

[0092] When following individual TB patients over the
period of treatment, see FIG. 11, it is seen that 3 out of 4
patients (B16, B49 and B55) no longer respond to mycolic
acid after 6 months of treatment while still having detectable
responses to either ESAT-6 or CFP10. In the case of patient
B16, the mycolic acid specific response remains undetectable
up to 12 months after diagnosis where as ESAT-6 and CFP10-
specific responses remain detectable. In patient B52, the
mycolic acid-specific response is still visible after 6 months
of treatment, however the magnitude of the mycolic acid-
specific response at diagnosis was unusually high when com-
pared to other TB patients. Hence it is suggested that this
response may take longer to disappear, reaching undetectable
levels by the 12 month time point. These results provide a
further indication that the presence of mycolic acid-specific
responses may be a useful marker of active disease.

[0093] When directly comparing mycolic acid-specific
responses to ESAT-6 and CFP10 responses at diagnosis, it is
observed that a strong response to one antigen does not cor-
relate with a strong response to either of the other two, see
FIG. 12. This indicates that combining all three antigens
might improve on the sensitivity of current diagnostic tests.

[0094] In the cohort of patients used in the current study it
was found that ESAT-6 and CFP10-specific responses are
more predominant then mycolic acid-specific responses, with
4 patients responding to ESAT-6 but not mycolic acid and 3
patients responding to CFP10 but not mycolic acid. One
patient was also found to respond to mycolic acid while
having a negative CFP10-specific response, see Table 2.

TABLE 2
ESAT-6 positive CFP10 positive
Mycolic acid 22 21
positive
Mycolic acid 4 3
negative
[0095] Forthe avoidance of doubt, it will be understood that

all references cited are incorporated herein in their entirety.
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1. A method of assessing mycobacterial infection in a
subject comprising;

1. exposing at least one CD1 molecule or analogue to

mycolic acid or a mycolic acid analogue;

1. incubating the at least one CD1 molecule or analogue
with a sample comprising at least one T cell isolated
from the subject; and,

iii. measuring the T cell response and/or the number of
mycolic acid specific T cells present in the T cell sample.

2. The method according to claim 1, wherein the at least
one CD1 molecule or analogue comprises at least one den-
dritic cell.

3. The method according to claim 2, wherein the at least
one dendritic cell is produced by culturing ex vivo at least one
monocyte isolated from the subject.

4. The method according to claim 1, wherein the at least
one CD1 molecule or analogue comprises an artificially syn-
thesised CD1 molecule.

5. The method according to claim 4 wherein the CDI
molecule is immobilised on a substrate.

6. The method according to claim 1, wherein the at least
one CD1 molecule or analogue is derived from a cell line
expressing CD1.

7. The method according to claim 1, wherein the T cells are
CD1 restricted T cells.
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8. The method according to claim 1, wherein the T cells are
peripheral blood lymphocytes (PBL’s).

9. The method according to claim 1, wherein the T cells are
isolated from a disease site or suspected disease site.

10. The method according to claim 1, wherein the T cell
response is compared to that seen upon contacting of said T
cells with dendritic cells not previously exposed to mycolic
acid or a mycolic acid analogue.

11. The method according to claim 1, wherein the T cell
response measured is secretion of one or more cytokines
and/or chemokines, or expression of one or more markers of
T cell activation or proliferation.

12. The method according to claim 11, wherein the T cell
response is secretion of IFN y.

13. The method according to claim 11, wherein an increase
in response indicates mycobacterial infection.

14. The method according to claim 1, wherein the number
of mycolic acid specific T cells in the T cell sample are
counted by CD1 tetramer/pentamer staining.

15. The method of claim 14, wherein the presence of
mycolic acid restricted T cells indicates mycobacterial infec-
tion.

16. The method according to claim 1, wherein the mycolic
acid is isolated from mycobacteria.

17. The method according to claim 1, wherein the myco-
bacterial infection is M. tuberculosis(TB) infection.

18. The method according to claim 17, wherein said
method can distinguish between active and latent TB infec-
tion.

19. The method according to claim 16, wherein the myco-
bacterium is M. tuberculosis complex.

20. The method according to claim 1, wherein the subject
is a mammal.

21. The method according to claim 1, where the subject is
receiving or has previously received a therapeutic interven-
tion.

22. The method according to claim 21, further comprising
comparing the status of infection to the previously deter-
mined status of said infection in said subject, thereby moni-
toring the effectiveness of said therapeutic intervention in
said subject.

23. A product, combination or kit for assessing mycobac-
terial infection in a subject comprising at least one CD1
molecule or analogue, and a T cell response detection means.

24. The product, combination or kit according to claim 23,
wherein said T cell response detection means is at least one
antibody.

25. The product, combination or kit of claim 24, wherein
the at least one antibody is specific fora cytokine, chemokine,
or markers of T cell activation or proliferation.
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