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FLOW CYTOMETRY ASSAY METHODS

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims the benefit of U.S. Provisional
Application Ser. No. 61/817,195, filed Apr. 29, 2013. The
disclosure of the prior application is considered part of (and
is incorporated by reference in) the disclosure of this appli-
cation.

BACKGROUND

1. Technical Field

This document relates to methods and materials involved
in performing flow cytometry assay methods. For example,
this document relates to methods and materials for using
flow cytometry assay methods to identify mammals having
a latent tuberculosis infection (LTBI).

2. Background Information

Tuberculosis (TB) is important because it disproportion-
ately affects minorities and immigrants in the United States
and vast populations around the world. Accurate detection of
LTBI continues to be challenging, and undiagnosed LTBI
patients can progtess to active TB disease with potentially
devastating consequences. Interpretation of discordant test-
ing (e.g., tuberculin skin tests (TST) and interferon-gamma
release assays (IGRA) in LTBI also can be a significant
problem. Both TST and IGRA tests usually detect T-cell
activation against Mycobacterium tuberculosis (MTB), but
they do not appear to differentiate patients with dormant
forms of TB infection from the ones who have cleared their
infections.

SUMMARY

This document provides methods and materials involved
in performing flow cytometry assay methods. For example,
this document provides flow cytometry assay methods and
kits. In some cases, the methods and kits provided herein can
be used to identify mammals having a UTBIL.

As described herein, flow cytometry assay methods and
kits can be designed to determine the percentage and/or
number of CD3~CD8*/CD25*/CD134~ cells present within
a sample, the percentage and/or number of (CD3*)CD8*/
CD25%/CD134" cells present within a sample, and/or the
percentage and/or number of (CD3")CD4*/CD25*/CD134*
cells present within a sample. The flow cytometry assay
methods and kits provided herein can identify highly likely
LTBIs and subjects with prior exposure to TB that are falsely
identified as being negative or falsely identified as being
positive with commercial assays such as QUANTIFERON
TB GOLD IN-TUBE™ (Cellestis, Australia) and/or the
tuberculin skin test (TST). The flow cytometry assay meth-
ods and kits provided herein can also identify likely L'TBIs
that have a substantial risk of TB reactivation (“reactivatable
LTBI”).

Having the ability to identify humans with a LTBI as
described herein can allow clinicians and other medical
personnel to identify patients in need of TB treatment in an
accurate and efficient manner. In addition, the methods and
materials provided herein can help the medical community
better target TB prevention strategies to those areas with
cases of LTBIs identified as described herein. In some cases,
the methods and materials provided herein can be used to
assist a qualified clinician and/or healthcare provider in
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2

determining whether or not a mammal has a latent tubercu-
losis infection with or without substantial risk of TB reac-
tivation.

In one aspect, this document features a flow cytometry
assay method. The method can include (a) obtaining a
sample comprising human cells, (b) exposing the human
cells to an M. tuberculosis antigen preparation to obtain a
stimulated human cell preparation, (¢) contacting the stimu-
lated human cell preparation with a fluorescently labeled
anti-CD8 antibody, a fluorescently labeled anti-CD25 anti-
body, and a fluorescently labeled anti-CD134 antibody to
obtain a labeled cell preparation, and (d) introducing the
labeled cell preparation into a flow cytometer to determine
the percentage of CD8*/CD257/CD134" cells present within
the labeled cell preparation. The human cells can be human
cells from a human having had a previous tuberculin skin
test- (TST-) negative or interferon-gamma release assay-—
(IGRA-) negative test result. The human cells can be human
cells from a human having had previous TST-negative and
IGRA-negative test results. The human cells can be human
cells from a human having had a previous TST-positive or
IGRA-positive test result. The human cells can be human
cells from a human having had a previous TST-positive and
IGRA-positive test result. The human cells can be freshly
obtained human cells, or can be frozen human cells. The
human cells can be human peripheral blood mononuclear
cells (PBMCs). The M. tuberculosis antigen preparation can
include a polypeptide selected from the group consisting of
BSAT-6, 5y, ESAT-65;_ 50, ESAT-6,, ¢5, ESAT-64; g, CFP-
105, o, and CFP-10,, o, polypeptides. The M. tuberculosis
antigen preparation can contain ESAT-6, ,,, ESAT-65, s,
BSAT-6,,.¢5, HAT-6¢,.50, CFP-105, .o, and CFP-10,, o,
polypeptides. The method can include contacting the stimu-
lated human cell preparation with a fluorescently labeled
anti-CD4 antibody. The percentage of CD4*/CD25*/
CD134* cells present within the labeled cell preparation can
be determined.

In another aspect, this document features a flow cytom-
etry assay method. The method can include (a) obtaining a
sample comprising human cells, (b) exposing the human
cells to an M. tuberculosis antigen preparation to obtain a
stimulated human cell preparation, (c) contacting the stimu-
lated human cell preparation with a fluorescently labeled
anti-CD3 antibody, a fluorescently labeled anti-CD8 anti-
body, a fluorescently labeled anti-CD25 antibody, and a
fluorescently labeled anti-CD134 antibody to obtain a
labeled cell preparation, and (d) introducing the labeled cell
preparation into a flow cytometer to determine the percent-
age of CD3*/CD8*/CD25*/CD134~ cells present within the
labeled cell preparation. The human cells can be human cells
from a human having had a previous TST-negative or
IGRA-negative test result. The human cells can be human
cells from a human having had previous TST-negative and
IGRA-negative test results. The human cells can be human
cells from a human having had a previous TST-positive or
IGRA-positive test result. The human cells can be human
cells from a human having had previous TST-positive and
IGRA-positive test results. The human cells can be freshly
obtained human cells, or can be frozen human cells. The
human cells can be human PBMCs. The M. tuberculosis
antigen preparation can include a polypeptide selected from
the group consisting of ESAT-6,,,, ESAT-6;, s,
BESAT-6,, ¢s, ESAT-6; g0, CFP-105; o, and CFP-10,; o,
polypeptides. The M. tuberculosis antigen preparation can
contain  ESAT-6, ,,,  ESAT-6;,55,  ESAT-64, s,
ESAT-64, 59, CFP-105, 5, and CFP-10,, o, polypeptides.
The method can include contacting the stimulated human
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cell preparation with a fluorescently labeled anti-CD4 anti-
body. The percentage of CD3*/CD4*/CD25*/CD134™" cells
present within the labeled cell preparation can be deter-
mined.

In another aspect, this document features a kit containing
a M. tuberculosis antigen preparation, a fluorescently
labeled anti-CD8 antibody, a fluorescently labeled anti-
CD25 antibody, and a fluorescently labeled anti-CD134
antibody. The M. tuberculosis antigen preparation can
include a polypeptide selected from the group consisting of
ESAT-6, ,,, ESAT-6;, 5., ESAT-6,, 45, ESAT-6, ,, CFP-
105, 0, and CFP-10,, o, polypeptides. The M. tuberculosis
antigen preparation can contain ESAT-6, ,,, ESAT-65, .,
ESAT-6,, 45, HAT-6, oo, CFP-105, ... and CFP-10,, o,
polypeptides. The kit can include a fluorescently labeled
anti-CD4 antibody, or a fluorescently labeled anti-CD3
antibody.

Unless otherwise defined, all technical and scientific
terms used herein have the same meaning as commonly
understood by one of ordinary skill in the art to which this
invention pertains. Although methods and materials similar
or equivalent to those described herein can be used to
practice the invention, suitable methods and materials are
described below. All publications, patent applications, pat-
ents, and other references mentioned herein are incorporated
by reference in their entirety. In case of conflict, the present
specification, including definitions, will control. In addition,
the materials, methods, and examples are illustrative only
and not intended to be limiting.

The details of one or more embodiments of the invention
are set forth in the accompanying drawings and the descrip-
tion below. Other features, objects, and advantages of the
invention will be apparent from the description and draw-
ings, and from the claims.

DESCRIPTION OF THE DRAWINGS

FIG. 1 contains graphs plotting the lymphocyte prolifera-
tion assay (LPA) over time for cells from subjects with prior
TST" results, prior TST*/IGRA* results, or prior TST*/
IGRA™ results exposed to the indicated antigens.

FIGS. 2A-2H contain examples of FACS-TB gating of
quadrants for CD3*CD4*/CD25"/CD134" T-cell subsets
(right upper quadrant box in B and D-H) and controls. A-D)
Viable lymphocyte gating strategy using side and forward
scatter plots in PBMC stimulated with Staphylococcal
enterotoxin A and B (SEAB) (A-B), and unstimulated
sample (C-D); E-F) Isotype controls in SEAB-stimulated (E)
and unstimulated samples (F); G) Single anti-CD25* fluo-
rochrome staining in SEAB-stimulated sample; H) Single
anti-CD134* fluorochrome staining in SEAB-stimulated
sample.

FIGS. 3A-3H contain examples of FACS-TB test (%
CD25*CD134") gating strategy in activated T-cells (CD3*
CD4%) in a suspected LTBI case (prior TST*/IGRA*
results). Only CD4* T cells are shown (CD3*/CD4* gated).
A-B) Viable lymphocyte gate using side and forward scatter
plots in SEAB-stimulated (A) and unstimulated (B) samples;
C) Gate on CD3*/CD4™; D) % CD3*CD4*/CD25"CD134*
co-expression (right upper quadrant box) after 48 hours
incubation with SEAB (non-specific T-cell activator; posi-
tive control); E) Unstimulated sample; F) PPD (non-specific
MTB antigen); G) ESAT-6/CFP-10 peptide mixture (specific
MTB antigen of RD1 (region of difference) peptide anti-
gens); H) Candida (antigen-specific T-cell activator; posi-
tive control). Percentages indicate the calculated distribution
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4
of CD25* CDI134" among CD3*CD4* T cells after the
subtraction of background (nil).

FIGS. 4A-4H contain examples of FACS-TB test (%
CD25+CD134+) gating strategy in activated T-cells (CD3+/
CD84) in a suspected LTBI case (prior TST+IGRA+
results). Only CD8+ T cells (CD8+ high and CD8+low) are
shown (CD3+/CD8+ gated). A-B) Viable lymphocyte gate
using side and forward scatter plots in SEAB-stimulated and
unstimulated samples; C) Gate on CD3+/CD8+(high) and
CD3+/CD8+(low); D) % CD3+/CD8+(high and low)/
CD25+CD134+ co-expression (right upper quadrant box)
after 48 hours incubation with SEAB (non-specific T-cell
activator; positive control); E) Unstimulated sample; F) PPD
(non-specific MTB antigen); G) ESAT-6/CFP-10 peptide
mixture (specific MTB antigen of RD1 peptide antigens); H)
Candida (antigen-specific T-cell activator; positive control).
Percentages (bold) indicate the calculated distribution of
CD25+ CD134+ among CD3+/CD8+ T cells after the sub-
traction of background (nil).

FIG. 5 contains graphs demonstrating FACS-TB repro-
ducibility and comparison between results using fresh and
frozen peripheral blood mononuclear cell samples for the
indicated antigens.

FIG. 6 contains graphs demonstrating FACS-TB testing
correlations.

FIG. 7 provides characteristics of the study population
(N=33). Foreign HTB=foreign subject born in a high TB
prevalence area; LTB=foreign subject born in a low TB
prevalence area.

FIG. 8 provides clinical characteristics of the study popu-
lation (N=33).

FIG. 9 provides data for FACS-TB (RD1 and PPD) in
CD4" T-cells by category, including nonparametric statisti-
cal comparisons for each pair using a Wilcoxon method
(CD3*CD4™" T-cells activated by RD1 peptide antigens).

FIG. 10 contains graphs of FACS-TB (RD1) results in
CD4* T-cells for healthy donors vs. LTBI cases
(“Spec”=specificity; “Sens”=sensitivity).

FIG. 11 contains graphs of FACS-TB (RD1) results in
CD4* T-cells for donors vs. TST+IGRA+ (left panel) and
TST+IGRA- (right panel) cases.

FIG. 12 provides a summary of FACS-TB (RD1) results
in CD4* T-cells by category and TB contact likelihood.

FIG. 13 contains graphs of FACS-TB results in CD8*
T-cells (RD1 vs. PPD) by category.

FIG. 14 contains graphs of FACS-TB (RD1) results in
CDR8™ T-cells for healthy donors vs. LTBI cases.

FIG. 15 contains graphs of FACS-TB (RD1) results in
CD8"* T-cells for donors vs. TST+IGRA+ and TST+/
IGRA- cases.

FIG. 16 contains a table of FACS-TB (RD1) results in
CD4* T-cells by TST/IGRA status.

FIG. 17 provides a summary of FACS-TB (PPD) results
in CD4* T-cells by category.

FIG. 18 provides a summary of FACS-TB (PPD) results
in CD4* T-cells from healthy donors vs. LTBI cases, includ-
ing nonparametric statistical comparisons for each pair using
a Wilcoxon method (CD3*CD4* T-cells activated by PPD
antigen).

FIG. 19 provides a summary of FACS-TB (PPD) results
in CD4* T-cells from donors vs. TST+IGRA+ and TST+/
IGRA- cases.

FIG. 20 contains a graph plotting FACS-TB (RD1) results
in CD4* T-cells from unexposed donors (N=10) vs.
untreated LTBI cases (N=14). (****) P<0.0001 (Mann-
Whitney test). Dx=Diagnosis.
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FIGS. 21A-21C contain graphs demonstrating the effect
of isoniazid treatment on FACS-TB (CD4* T-cells; RD1 Ag)
(A), TB-ELISPOT (RD1 Ag) (B), and QUANTIFERON-TB
GOLD IN-TUBE™ (C) in LTBI cases. (A) LTBI treatment
effect on FACS-TB in activated CD4* T-cells (RD1-Ag-nil).
(B) In-house ELISPOT (“TB-ELISPOT”) run with the same
antigen stimulation conditions; and (C) QUANTIFERON
TB GOLD IN-TUBE™; patients had a diagnosis of LTBI
with a history of no treatment (“Untreated LTBI”; N=14),
partial treatment (“Partially Treated LTBI”; N=3), or full
treatment (“Treated LTBI”; N=7). Means (black lines). (**)
P=0.002 (Dunn’s test). NS=no statistical significant differ-
ences. Tx=treatment.

FIG. 22 contains graphs demonstrating the effect of
isoniazid treatment on FACS-TB with RD1 peptides in
CD4* and FACS-TB with PPD in CD4* T-cells in LTBI
cases. Patients had a history of untreated UTBI (“0”; N=14),
partially treated LTBI (“1”; N=3) or treated LTBI (*2”,
N=7).

FIG. 23 contains graphs demonstrating the effect of
isoniazid treatment on FACS-TB with PPD antigen in CD8*
(inclusive (high and low gate) and high gate) T-cells in LTBI
cases. Patients had a history of untreated UTBI (“0”; N=14),
partially treated UTBI (“1”; N=3), or treated LTBI (*2”;
N=7).

FIG. 24 contains graphs plotting FACS results for CD3~
CD8*CD25"CD134" lymphocyte subsets activated by incu-
bation with candida antigen (upper left), SEAB superanti-
gen (upper right), PPD antigen (lower left) and RD1 peptide
antigens (lower right) from healthy subjects with probable
TB exposure (N=7), possible TB exposure (N=10), or no TB
exposure (N=11), who have both negative QUANTIFERON
TB GOLD IN-TUBE™ (Cellestis, Australia) and TST
results.

DETAILED DESCRIPTION

This document provides methods and materials involved
in performing flow cytometry assay methods. For example,
this document provides flow cytometry assay methods and
kits. In some cases, the methods and kits provided herein can
be used to identify mammals (e.g., humans) having a LTBI.

A flow cytometry assay method provided herein can
include incubating cells (e.g., PBMCs or cells from a whole
blood sample) with a stimulation preparation. The cells can
be freshly obtained cells or cells that have been stored or
frozen. The stimulation preparation can include a mixture of
ESAT-6 and CFP-10 polypeptides (RD1 peptide antigen).
For example, a stimulation preparation can include a mix-
ture of ESAT-6, ,,, ESAT-65; s, ESAT-6,4, «5, HAT-64, 40,
CFP-104, 4, and CFP-10,, o, polypeptides. In some cases,
a stimulation preparation can include a combination of an
anti-CD28 antibody and an anti-CD49d antibody. Any
appropriate length of time can be used for the incubation
period. For example, the cells can be incubated as 37° C. for
between 25 and 90 hours (e.g., between 25 and 86 hours,
between 25 and 60 hours, or between 35 and 45 hours).

Once the cells are treated with the stimulation preparation,
they can be stained with fluorescently labeled antibodies.
For example, the cells of a stimulated cell preparation can be
stained with fluorescently labeled anti-CD3 antibodies, fluo-
rescently labeled anti-CD4 antibodies, fluorescently labeled
anti-CD8 antibodies, fluorescently labeled anti-CD25 anti-
bodies, fluorescently labeled anti-CD134 antibodies, or a
combination thereof (e.g., a combination of fluorescently
labeled anti-CD8 antibodies, fluorescently labeled anti-
CD25 antibodies, and fluorescently labeled anti-CD134 anti-
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bodies). In some cases, the methods provided herein can be
performed using unstimulated cells.

Once stained, the cells of the preparation can be subjected
to flow cytometry to determine the percentage of CD3~
CD8*/CD25*/CD134~ cells present within a sample, the
percentage of (CD3*)CD8*/CD257/CD134" cells present
within a sample, and/or the percentage of (CD3*)CD4*/
CD25*/CD134*. In some cases, the number of CD3~CD8"*/
CD25*/CD134~ cells, (CD3*)CD8*/CD25*/CD134* cells,
and/or (CD3*)CD4*/CD25*/CD134" cells per a fixed num-
ber of cells (e.g., about 2x10° cells) can be determined. In
some cases, the percentage of CD8*/CD25%/CD134" cells
present within a sample, the percentage of CD8*/CD25*/
CD134" cells present within a sample, the percentage of
CD4*/CD25*/CD134*, the number of CD8%/CD25*
CD134" cells per a fixed number of cells, CD8*/CD25*/
CD134* cells per a fixed number of cells, and/or CD4*/
CD25*/CD134* cells per a fixed number of cells can be used
to determine if a mammal has a LTBI. In some cases, a
percentage of (CD3*)CD8*/CD25*/CD134™ of antigen-spe-
cific activated cells present within a sample that is greater
than 0.12% (RD1 antigen minus nil) and/or 0.11% (PPD
antigen minus nil) can indicate that the mammal has a LTBI
with reactivation potential. In some cases, a percentage of
(CD3")CD4*/CD25*/CD134* of antigen-specific activated
cells present within a sample that is greater than 0.002%
(RD1 antigen minus nil) and 0.39% (PPD antigen minus nil)
can indicate that the mammal has a LTBI with reactivation
potential. In some cases, a percentage of (CD3+)CD4+
CD25+/CD134+ of antigen-specific activated cells present
within a sample that is greater than 0.04% (RD1 antigen
minus nil) and 0.39% (PPD antigen minus nil) can indicate
that the mammal has a LTBI with reactivation potential. In
some cases, a number of CD3~CD8*/CD25"/CD134~ of
antigen-specific activated cells greater than 6 (RD1 antigen
minus nil) and/or 27 (PPD antigen minus nil) per 2x10° cells
can indicate that the mammal has had an exposure to TB
without an apparent adaptive T-cell response to TB. In some
cases, a number of (CD3*)CD8*/CD25*/CD134" of antigen-
specific activated cells greater than 9 (PPD antigen minus
nil) per 2x10° cells can indicate that the mammal has a LTBI
with reactivation potential. In some cases, a number of
(CD3*)CD4*/CD25*/CD134" of antigen-specific activated
cells greater than 10 (RDI1 antigen minus nil) and/or 70
(PPD antigen minus nil) per 2x10° cells can indicate that the
mammal has a UTBI with reactivation potential.

In some cases, background counts such as the number of
(CD3")CD4* (or CD8")CD257/CD134* cells found in
unstimulated samples (nil or media without antigen(s)) can
be subtracted prior to assessing whether or not a mammal
has a LTBI. For example, a number of (CD3*)CD8*/CD25*/
CD134" of antigen-specific activated cells greater than 8
(RD1 antigen minus nil) and/or 9 (PPD antigen minus nil)
per 2x10° cells can indicate that the mammal has a LTBI
with reactivation potential. Likewise, a number of (CD3¥)
CD4*/CD25*/CDI134* of antigen-specific activated cells
greater than 10 (RD1 antigen minus nil) and/or 70 (PPD
antigen minus nil) per 2x10° cells can indicate that the
mammal has a UTBI with reactivation potential.

This document also provides kits for performing a flow
cytometry assay method provided herein. For example,
reagents of a stimulation preparation and reagents for assess-
ing cells for expression of CD3, CD4, CD8, CD25, and/or
CD134 can be combined as an article of manufacture such
as a kit. In one embodiment, a kit can contain an M.
tuberculosis antigen preparation such as a mixture of
ESAT-6 and CFP-10 polypeptides for stimulating cells and
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fluorescently labeled anti-CD3 antibodies, fluorescently
labeled anti-CD4 antibodies, fluorescently labeled anti-CDS
antibodies, fluorescently labeled anti-CD25 antibodies, fluo-
rescently labeled anti-CD134 antibodies, or a combination
thereof (e.g., a combination of fluorescently labeled anti-
CD8 antibodies, fluorescently labeled anti-CD25 antibodies,
and fluorescently labeled anti-CD134 antibodies). In some
case, a kit provided herein can include an anti-CD28 anti-
body and/or an anti-CD49d antibody in addition to an M.
tuberculosis antigen preparation and control samples for
stimulating cells and unstimulated cells.

In some cases, a kit can contain buffers, positive control
samples, or combinations thereof. The reagents within a kit
can be housed together in various combinations or can be
packaged in separate vials or containers within a larger
package. The kits provided herein also can include labels or
packaging inserts setting out instructions for preparation and
use. For example, a kit can contain a packaging insert
describing that an elevated level of CD8*/CD25*/CD134*
cells can support a diagnosis of LTBI.

The invention will be further described in the following
examples, which do not limit the scope of the invention
described in the claims.

EXAMPLES

Example 1—Evaluation of a Flow Cytometric
Method for the Diagnosis of Latent Tuberculosis
Infection

The following was performed to evaluate the diagnostic
performance of a FACS assay for the detection of T-cell
CD25*CD134* co-expression (FACS-TB) in healthy sub-
jects and suspected LTBI cases. A prospective comparison of
the diagnostic characteristics of FACS-TB using peripheral
blood mononuclear cells (PBMCs) samples from subjects
unlikely to have LTBI (low probability of previous TB
contact and both negative TST and commercial IGRA) and
likely to have LTBI (high probability of TB contact and/or
both TST+/IGRA+ tests) was performed. PBMCs were
stimulated with specific (RD1-peptides) and non-specific
(PPD) MTB antigens as well as controls, stained with
fluorescent dye-conjugated anti-CD4, anti-CD25, and anti-
0X40 (anti-CD134) antibodies, and 2x10° cells were ana-
lyzed by FACS (BD FACSCanto™). The area under the
receiver characteristic (ROC) curve (AUC) were analyzed,
and various cut-offs to best differentiate these populations
were tested.

The FACS-TB assay protocol was developed to detect
LTBIs. The following steps 1 and 2 were performed on day
1, and the following steps 3 through 11 were performed on
day 3.

1. Prepare cell culture media: Use a conical tube; add 50
ml RPMI 1640 (with 2 mM L-glutamine) supplemented
with 10% human AB serum and 0.5 mL of Pen-Strep
mixture (Gibco #15140-122) to final concentration of peni-
cillin 100 TU/mL and streptomycin (100 pg/mL) in culture
medium.

2. Within 2 hours of blood collection in heparinized tubes
(total 20 cc or less for fresh whole blood), harvest peripheral
blood monocytes (PBMC) using a density gradient centrifu-
gation of whole blood (Ficoll-Plaque™ technique), wash
cells two times with PBS and add cell culture media in a
polypropylene sterile tube for a final concentration 2.5x10°
PBMCs/mL. Harvest cells can be used directly in assay or
freeze using RPMI with 10% DMSO and 12% Human Sera
Albumin or FBS. Immediately after putting cells in cry-
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ovials, put in the freezer at -80° C. and/or liquid nitrogen.
Frozen cell pellets can be sent in mail package with dry ice
for subsequent laboratory processing after thawing.

3. Perform stimulation procedures with PBMC’s using
concentration of (a) Staphylococcus Enterotoxin A and B
(SEAB) or other super antigen or mitogen (e.g., phytohe-
magglutinin (PHA), anti-CD3 monoclonal antibodies), (b)
tuberculin PPD™ (Staten Serum Institute, Denmark), (c)
RD1-peptide mix (ESAT-6 and CFP-10 peptides mix), or (d)
Candida protein mix. An unstimulated sample is used as a
control. Four ESAT-6 polypeptides and two CFP-10 poly-
peptides are included in the RD1-peptide mix. The ESAT-6
polypeptides are ESAT-6, (MTEQQWNE-
AGIEAAASAIQG; SEQ ID NO:1), ESAT-6;, 5, (EGKQS-
LTKLAAAWGGSGSEA; SEQ 1D NO:2), ESAT-6,, 45
(AWGGSGSEAY-QGVQQKWDATATEL; SEQ ID NO:3),
and ESAT-64,; 5, (TATELNNALQNLARTIS-EAG SEQ ID
NO:4). The CFP-10 polypeptides are CFP-10s, ,, (AQAAV-
VRFQEA-ANKQKQELD; SEQ ID NO:5) and CFP-10,, 4,
(EISTNIRQAGVQYSRADEEQ; SEQ ID NO:6).

4. Keep 2.5 mL of blood sample for whole blood experi-
ments using the following antigen stimulation conditions
and controls.

5. Stimulation procedure (under the hood):

a. Tube 1 (SEAB to final concentration at 2 ng/ml
w/v—same final concentration as per PMBC’s stimu-
lation conditions):

i. Dilute 24 pL of freshly thawed SEAB stock (0.5
ng/ul)) and in 476 pL of culture media.

ii. Then add 3 mL of diluted fresh SEAB to 3 mL of
whole blood from Sodium heparin sample to tube 1
(total of 3 mL).

b. Tube 2 (PPD final concentration of 20 pg/ml—same
final concentration as per PMBCs stimulation condi-
tions):

i. Tube 2: “PPD” Add 60 pL of PPD in 1.44 mL of
culture media.

ii. Then add 1.5 mL of diluted PPD and 1.5 mL of
whole blood from Sodium heparin sample to tube 2
(“PPD at 20 pg/mL”) (3 mL total).

c. Tube 3 (CFP-10+ESAT-6 peptide mix same final con-
centrations per PMBC’s stimulation conditions):

1. Tube 3: “CFP-10 (add at 4 ug/mL)/ESAT-6 mix (add
at 2 pg/mlL)”: all stock is 1 pg/ul.. Add 12 pl of
CFP10 and add 6 ul. of ESAT-6 with 1.49 mL of
culture media.

. Add 1.5 mL of diluted fresh CFP-10/ESAT-6 in
culture media at 1.5 mL of whole blood from sodium
heparin sample to tube: (3 mL total).

d. Tube 4 (Candida activated same final concentration as
per PMBC’s stimulation conditions):

1. Dilute 3 pL of Candida stock solution (10 pg/ul) in
1.5 mL of culture media (“Candida to 10 pg/mL in
culture media”).

1. Then add 1.5 mL of diluted Candida and 1.5 mL of
whole blood from Sodium heparin sample to tube (3
mlL total).

6. Tube 5 (“unstimulated blood”):

a. Use 1.5 mL of whole blood from Sodium heparin
sample for tube 5, then add 1.5 mL of culture medium
to dilute 1:1.

7. Add 5 pL of anti-CD28/anti-CD49d reagent (Becton
Dickinson FastImmune™ CD28/CD49d Costimulatory
Reagent; BD Biosciences cat#347690) to activated tubes
(Tubes 2, 3, 4, and 5) and vortex gently.

8. Incubate all tubes in a CO, incubator at 37° C. for about
40 hours.
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9. Incubated tubes are stained with fluorescent dye-con-
jugated anti-CD3, anti-CD4 (or antiCD8), anti-CD25, and
anti-OX40 (anti-CD134) antibodies, and 2x10° cells were
analyzed by FACS (BD FACSCanto™).

10. Set FACS-TB gating of quadrants for CD3"CD4" (or
CD8*)/CD25%/CD134* T-cell subsets (Please see example
in FIG. 2) and controls by using FloJow™ or similar
software. Gate for viable lymphocytes by using side and
forward scatter plots in PBMC stimulated with Staphylo-
coccal enterotoxin A and B (SEAB), and unstimulated
sample. Gate upper right quadrant quadrants for CD3*CD4/
CD25%/CD134™* T-cell subsets by using isotype controls in
SEAB-stimulated and unstimulated samples. Confirm quad-
rants for CD3*CD4*/CD25*/CD134* T-cell subsets by gat-
ing a single anti-CD25* fluorochrome staining in a SEAB-
stimulated sample, and a single anti-CD134* fluorochrome
staining in a SEAB-stimulated sample.

11. Set FACS-TB test gating (% CD25'CDI134%) in
activated T-cells (CD3*CD4* (or CD8™)) (Please see FIGS.
3 and 4). Gate for viable lymphocytes by using side and
forward scatter plots in SEAB-stimulated and unstimulated
samples. Gate on CD37/CD4™; D) % CD3*CD47/CD25*
CD134* co-expression (right upper quadrant box set from
prior step) with SEAB (non-specific T-cell activator; posi-
tive control), unstimulated sample (negative or nil control),
PPD (non-specific MTB antigen), ESAT-6/CFP-10 peptide
mixture (specific MTB antigen of RD1 (region of difference)
peptide antigens) and Candida (antigen-specific T-cell acti-
vator; positive control). Percentages (or numbers) indicate
the calculated distribution of CD25* CD134* among CD3*
(or CD37)CD4* (or CD8") cells after the subtraction of
background (nil).

Thirty-three consecutive subjects, including 17 healthy
donors with TST-IGRA-results, 9 patients with TST+/
IGRA+ results (8 with probable TB exposure and 1 close
contact), 2 with recently diagnosed active TB, 3 patients
with TST+/IGRA- results (2 with probable TB exposure and
1 with possible TB exposure), and 2 with remotely treated
TB (one with IGRA- results) were analyzed. Statistically
significant differences in FACS-TB results were found
between healthy donors and suspected LTBI cases
(P<0.001). FACS-TB for CD4* T-cells AUC of ROC was
0.97; sensitivity of 100.0% and specificity of 88% at the best
cut off of 0.07% of T-cells for clinical diagnosis of LTBI
with TST+/IGRA+ results. In addition, an increased number
of activated CD8™ T-cells with CD25%/CD134" co-expres-
sion was found not only in a case of disseminated TB but
also in a subset of LTBI cases. Additional results are
provided in FIGS. 1-19.

The FACS-TB testing of CD4" T-cells revealed a high
diagnostic yield for LTBI in this patient population.

Example 2—Treatment Effect of Isoniazid on
T-Cell CD25*/CD134* Co-Expression in Latent
Tuberculosis Infection

The following was performed to evaluate flow cytometric
detection of antigen-specific activated T-cell CD25"CD134*
co-expression in highly suspected LTBI subjects with a
history of no treatment or treatment with isoniazid. Flow
cytometric detection of CD25*CD134* co-expression on
antigen-stimulated T-cells was performed using peripheral
blood mononuclear cells (PBMCs) samples from subjects
likely to have LTBI (risk factors for TB and TST+IGRA+
tests or TST conversion) and having a history of no treat-
ment partial treatment, or complete isoniazid treatment.
PBMCs were stimulated with specific (RD1-peptides), non-
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specific (PPD) MTB antigens, or controls, stained with
fluorescent dye-conjugated anti-CD3, anti-CD4, anti-CD25,
and anti-OX40 antibodies, and 2x10° cells were analyzed by
FACS. The percentages of CD3*CD4" T-cells co-expressing
CD25 and CD134 in these three populations were compared.

Fourteen highly suspected LTBI subjects naive to treat-
ment, three subjects partially treated with isoniazid, and nine
subjects with prior completion of LTBI therapy were stud-
ied. Statistically significant reductions in CD25*CD134*
co-expression in antigen-stimulated T-cells in patients with
prior LTBI treatment (P<0.05) were observed. There were
no statistical differences in QUANTIFERON TB GOLD
IN-TUBE™ results and an ELISPOT run under the same
antigen stimulation conditions. Additional results are pro-
vided in FIGS. 20-23.

These results demonstrate that a FACS assay can detect
LTBI with reactivation potential. For example, these results
demonstrate that an ex vivo FACS method with CD3+CD4+
and CD3+/CD8+ T-cells with either RD1-peptides or PPD
antigens have a high diagnostic accuracy to detect suspected
LTBI cases, that a FACS method with CD3+CD4+ T-cells
with either RD1-peptides or PPD can detect suspected LTBI
cases with reactivation potential (e.g., high reactivation
potential; reactivatable LTBI), and that a FACS method with
CD3+/CD8+ T-cells with PPD antigen can detect suspected
LTBI cases with reactivation potential (e.g., high reactiva-
tion potential; reactivatable LTBI).

Example 3—Flow Cytometric Approach to
Evaluate Innate Immunity in Subjects Exposed to
TB with Negative TST and IGRA Results

The following was performed to evaluate the flow cyto-
metric detection of CD3 CD8*CD25*CD134" cells in
response to MTB antigens in healthy subjects with negative
Tuberculin skin test (TST) and Interferon-y release assay
(IGRA) and various likelihood of prior TB exposures. A
prospective evaluation of FACS detection of CD3"CD8"
CD25*CD134" cells in response to MTB antigens was
performed using peripheral blood mononuclear cells (PB-
MCs) samples from healthy subjects with unlikely, possible,
and probable prior TB exposure and negative TST and
IGRA results. PBMCs were stimulated with specific (RD1-
peptides) and non-specific (PPD) MTB antigens as well as
controls, stained with fluorescent dye-conjugated anti-CD3,
anti-CDS8, anti-CD25, and anti-OX40 (anti-CD134) antibod-
ies, and 2x10° cells were analyzed by FACS (BD FAC-
SCANTO™). The area under the receiver characteristic
(ROC) curve (AUC) was analyzed, and various cut-offs
were tested to best differentiate these populations.

Twenty-eight consecutive subjects, including 11 healthy
donors born in the US and with unlikely prior TB exposure;
10 subjects with possible TB exposure (being born in and
nonmedical trips to moderate to high TB prevalence areas
(HTA)), and 7 subjects with prior close contact with active
TB patients in HTA and with TST-IGRA- results were
analyzed. Statistically significant differences in number of
CD3~CD8"CD25*CD134~ cells in response to PPD
(P=0.017) and RDI-peptide antigens (P=0.028) between
subjects with unlikely and probable prior TB exposure were
observed (FIG. 24). No significant differences were found in
these PBMC subsets stimulated to candida and staphylo-
coccal enterotoxin A and B antigens (FIG. 24) with any of
these antigens, potentially suggesting a biomarker candidate
of innate immunity.

These results suggest that flow cytometric detection of
CD37CD8"CD25*CD134~ cells in response to MTB anti-
gens can detect innate immune recall response to prior TB
exposures in subjects without adaptive immune response to
MTB antigens.
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Other Embodiments and not limit the scope of the invention, which is defined by
. . . ) the scope of the appended claims. Other aspects, advantages,

It is to be understood that while the invention has been
described in conjunction with the detailed description
thereof, the foregoing description is intended to illustrate claims.

and modifications are within the scope of the following

SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 6

<210> SEQ ID NO 1

<211> LENGTH: 20

<212> TYPE: PRT

<213> ORGANISM: Mycobacterium tuberculosis

<400> SEQUENCE: 1

Met Thr Glu Gln Gln Trp Asn Phe Ala Gly Ile Glu Ala Ala Ala Ser
1 5 10 15

Ala Ile Gln Gly
20

<210> SEQ ID NO 2

<211> LENGTH: 20

<212> TYPE: PRT

<213> ORGANISM: Mycobacterium tuberculosis

<400> SEQUENCE: 2

Glu Gly Lys Gln Ser Leu Thr Lys Leu Ala Ala Ala Trp Gly Gly Ser
1 5 10 15

Gly Ser Glu Ala
20

<210> SEQ ID NO 3

<211> LENGTH: 24

<212> TYPE: PRT

<213> ORGANISM: Mycobacterium tuberculosis

<400> SEQUENCE: 3

Ala Trp Gly Gly Ser Gly Ser Glu Ala Tyr Gln Gly Val Gln Gln Lys
1 5 10 15

Trp Asp Ala Thr Ala Thr Glu Leu
20

<210> SEQ ID NO 4

<211> LENGTH: 20

<212> TYPE: PRT

<213> ORGANISM: Mycobacterium tuberculosis

<400> SEQUENCE: 4

Thr Ala Thr Glu Leu Asn Asn Ala Leu Gln Asn Leu Ala Arg Thr Ile
1 5 10 15

Ser Glu Ala Gly
20

<210> SEQ ID NO 5

<211> LENGTH: 20

<212> TYPE: PRT

<213> ORGANISM: Mycobacterium tuberculosis

<400> SEQUENCE: 5

Ala Gln Ala Ala Val Val Arg Phe Gln Glu Ala Ala Asn Lys Gln Lys
1 5 10 15

Gln Glu Leu Asp
20
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-continued

<210> SEQ ID NO 6

<211> LENGTH: 20

<212> TYPE: PRT

<213> ORGANISM: Mycobacterium tuberculosis

<400> SEQUENCE: 6

Glu Ile Ser Thr Asn Ile Arg Gln Ala Gly Val Gln Tyr Ser Arg Ala

1 5 10

Asp Glu Glu Gln
20

15

What is claimed is:

1. A method for identifying and treating a latent tubercu-

losis infection with reactivation potential comprising;

(a) obtaining a sample comprising human blood cells,
wherein said human blood cells are from a human
having had a previous TST-positive or IGRA-positive
test result,

(b) exposing said human blood cells to an M. tuberculosis
antigen preparation to obtain a stimulated human blood
cell preparation,

(¢) contacting said stimulated human blood cell prepara-
tion with a fluorescently labeled anti-CD8 antibody, a
fluorescently labeled anti-CD25 antibody, and a fluo-
rescently labeled anti-CD134 antibody to obtain a
labeled cell preparation,

(d) introducing said labeled cell preparation into a flow
cytometer to determine the percentage of CD8*/
CD257/CD134" cells present within said labeled cell
preparation,

(e) identifying the human as having a latent tuberculosis
infection with reactivation potential when the percent-
age of CD8*/CD257/CD134* cells present within said
labeled cell preparation is greater than 0.11%, and

(D treating the human identified as having the latent
tuberculosis infection with reactivation potential,
wherein said treating step comprises administering
isoniazid.

15
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2. The method of claim 1, wherein said human blood cells
are human blood cells from a human having had a previous
TST-positive and IGRA-positive test result.

3. The method of claim 1, wherein said human blood cells
are freshly obtained human blood cells, or are human blood
cells that were frozen.

4. The method of claim 1, wherein said human blood cells
are human peripheral blood mononuclear cells (PBMCs).

5. The method of claim 1, wherein said M. tuberculosis
antigen preparation comprises a polypeptide selected from
the group consisting of ESAT-6, 5o, ESAT-65, 5o, ESAT-6,,_
65, BSAT-6¢, 50, CFP-105, 5, and CFP-10,,, polypep-
tides.

6. The method of claim 1, wherein said M. tuberculosis
antigen preparation comprises ESAT-6, ,,, ESAT-65, .,
ESAT-6,, 45, ESAT-6, 4o, CFP-105, -5, and CFP-10,, o,
polypeptides.

7. The method of claim 1, wherein said method further
comprises contacting said stimulated human blood cell
preparation with a fluorescently labeled anti-CD4 antibody.

8. The method of claim 7, wherein the percentage of
CD4*/CD257/CD134* cells present within said labeled cell
preparation is determined.

ok % k&
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