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BIOMARKERS FOR PREDICTING RESPONSE TO
IMMUNOSUPPRESSIVE THERAPY

CROSS-REFERENCE TO RELATED APPLICATIONS

The present application claims the benefit of U.S. Provisional Application Serial
No. 61/038,938, filed March 24, 2008 and U.S. Provisional Application Serial No.
61/046,219, filed April 18, 2008, each of which is hereby incorporated by reference
herein in its entirety, including any figures, tables, nucleic acid sequences, amino acid

sequences, and drawings.

GOVERNMENT SUPPORT

The subject matter of this application has been supported by a research grant from
the National Institutes of Health under grant numbers CA112112 and U54RR019397-05.

Accordingly, the government has certain rights in this invention.

BACKGROUND OF THE INVENTION

Myelodysplastic syndromes (MDS) are acquired clonal disorders of hematopoietic
progenitors that are characterized by peripheral cytopenias and cytologié dysplasias
(Greenberg et al., 1997). There is a strong association between bone marrow failure and
autoimmunity that transects classical autoimmune processes such as aplastic anemia,
rheumatoid arthritis, Felty’s Syndrome, and large granular lymphocyte (LGL) leukemia
(Colmegna et al., 2008; Loughran, Jr., 1998; Starkebaum et al., 1997). Similar to these
quintessential autoimmune bone marrow failure syndromes, hematopoietic suppression
by a T-cell dominant autoimmune process and IST responsiveness has been proposed in
younger MDS patients. In MDS cases where hematologic improvement is observed after
IST, the response can be durable leading to improved long-term survival (Lim et al.,
2007; Molldrem et al., 1997; Biesma et al., 1997). Despite a clear therapeutic benefit and
a basic understanding of immune pathology, IST is rarely offered to MDS patients as a
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treatment option in the United States due to an uncertainty about the appropriate selection
of patients for such therapy (Steensma & Tefferi, 2003). There is an underlying concern
that inappropriate use of IST may negatively impact risk for leukemia progression, which
occurs in 30-40% of MDS cases. This is of particular concern in younger patients that
may benefit from allogeneic stem cell transplantation (List et al., 2004). The
identification of immunological factors in addition to younger age to guide appropriate
selection of patients for IST based on immune pathobiology is critical to the optimization
of MDS treatment.

In MDS patients of younger age, a higher frequency of clinical responsiveness to
immunosuppressive therapy (IST) with anti-thymocyfe globulin (ATG) and/or
cyclosporine-A (CyA) suggests that unique immune pathobiology contributes to the
refractory cytopenias observed in such patients. Factors associated with response to IST
included HLA-DR-15 genotype, age, < 5% marrow blasts, low risk for leukemia
transformation and in some studies hypocellularity (Lim et al., 2007; Sun et al., 2008).
Among these factors, younger age is the most consistently linked clinical feature
associated with IST responsiveness in both patients with aplastic anemia and in patients
with MDS (Sun et al, 2008; Young, 2002). A model of immune pathogénesis first
proposed by Molldrem et al suggests that unique or overexpressed antigens stimulate
CD8+ T-cells, induce T-cell receptor (TCR) repertoire contraction through expansion of
memory cells, and repress hematopoiesis through cross-reactive antigens expressed on
normal bone marrow progenitors (Molldrem et al., 1998). In the subset of patients
responsive to immunosuppression, effects of the self-reactive T-g:ell populations are
thought to be eliminated by the immunosuppressive actions of these drugs (Molldrem et
al., 1998; Kochenderfer et al., 2002).

BRIEF SUMMARY OF THE INVENTION

The subject invention concerns methods and materials for assessing a patient’s
likelihood of responsiveness to an immunosuppressive therapy. The subject invention is
contemplated for use with patients having an autoimmune disorder. In an exemplified
embodiment, the methods of the invention are used for assessing and/or treating a patient
with MDS. In one embodiment, a method of the invention comprises analyzing T cells of

a patient for dysregulation of CD4" and/or CD8" T cell subsets, and determining the
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patient’s likelihood of responsiveness to IST based on the level of dysregulation of the
patient’s CD4" and/or CD8" T cell subsets. In a specific embodiment, an increased
likelihood of patient responsiveness to IST is associated with an increased percentage of
CD4" and/or CD8" effector memory T cells and/or terminal effector memory T cells for a
patient.

The subject invention also concerns methods for treating a patient with an
autoimmune disorder, such as MDS. In one embodiment, a method of the invention
comprises determining if a patient is likely to respond to IST, wherein said determination
is made using a method of the present invention for assessing likelihood of
responsiveness to IST; and if the patient is determined to be one likely to respond to IST,

administering an effective regimen of IST to the patient.

BRIEF DESCRIPTION OF THE DRAWINGS

The patent or application file contains at least one drawing executed in color.
Copies of this patent or patent application publication with color drawing(s) will be
provided by the Office upon request and payment of the necessary fee.

Figures 1A-1C shows the ratio of CD4:CD8 T-cells. In Figure 1A, a
multivariable regression analysis was performed with the log-transformed ratio of
CD4:CD8 as the dependent variable and age and disease status (MDS v normal control)
as independent variables (MDS=open circles and Control=open triangle). An interaction
term between age and disease status was not statistically significant (p-value=0.71) and
was dropped from the final model. Disease status was significantly associated with
log(CD4:CD8) (p-value<0.0001) while adjusting for age. Regression analyses were also
performed separately for CD4 (Figure 1B) and CD8 (Figure 1C) in a log scale. While
adjusting for age, %CD4 was significantly lower in MDS cases compared to controls (p-
value <0.0001) but there was no difference in %CDS8 (p-value = 0.42). No interaction
between age and disease status was observed in either model (p=0.31 and p=0.13 for CD4
and CD8, respectively).

Figure 2 shows naive and memory phenotype analysis in MDS patients and
healthy controls. Case-control differences between T-cell subpopulations were compared

in 47 MDS patients and 47 healthy controls using the Wilcoxon signed rank test adjusting
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for multiple testing using the Holm step down method. P-values for the case-control
differences are shown at the top of each panel.

Figures 3A and 3B show age-dependent changes in naive and memory T-cell
subpopulations in MDS patients. Using CD45RA and CD62L staining, naive
CD62L+/CD45RA+ (naive), central memory CD62L+/CD45RA- (central), effector
memory CD62L-/CD45RA+ (effector), and terminal effector memory CD62L-
/CD45RA+ (terminal) were determined in 47 MDS patients (black circles, dotted line)
and plotted against age in years. The frequency of CD4+ and CD8+ T-cell subpopulations
is shown in MDS patients (Figure 3A) and controls (Figure 3B). Associations with age
were evaluated using simple linear regression, adjusting for multiple testing with the
Holm step down method. Lines indicate data trends in MDS cases and controls, and the
siopes -with corresponding p-values are presented (p-values < 0.05 are considered
statistically significant). _

Figures 4A-4C show the change in phenotype and T-cell homeostasis after IST.
In Figure 4A, the CD4:CDS8 ratio was calculated and compared between responders and
non-responders before treatment with anti-Thymocyte globulin immunosuppression
(ATG) or ATG in combination with CyA (ATG+CyA). In Figures 4B-1 and 4B-2,
homeostatic proliferation was determined by Ki-67 expression (% Ki-67 positive) in
CD4+ (Figure 4B-1) and CD8+ (Figure 4B-2) (first gated on CD3+ T-cells) and results
were compared between responders (open dots) and non-responders (open triangle).
Associations % Ki-67+/CD4+ (Figure 4C-1) and % Ki-67+/CD8+ (Figure 4C-2) T-cells
and the CD4:CD8 ratio were evaluated in all patients combined using regression of the
logCD4:CD8 ratio vs the Ki-67%/CD4+ and CD8+ adjusted for age. Lines indicate data
trends and the corresponding p-values are presented (p-values < 0.05 are considered
statistically significant).

Figures 5A-5C show the change in T-cell homeostasis after therapy in IST
responsive and non-repsonsive patients. After labeling T-cell surface markers, the first
gate was given to lymphocytes (as shown in Figure 1A). T-cells were identified by anti-
CD3-antibody staining (as shown in Figure 1B), gates were then set to distinguish CD8-
(CD4+) and CD8+ T-cells populations (as shown in Figure 1C). In Figure 5A, using
expression patterns of CD62L (x-axis) and CD45RA (y-axis), the following populations
were distinguished in CD4+ and CD8+ T-cells: naive CD62L+/CD45RA+ (R4), central
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memory CD62L+/CD45RA- (RS), effector memory CD62L-/CD45RA- (R6), and
terminal effector memory CD62L-/CD45RA+ (R7). The % Ki-67 positive cells and
isotype control-PE were concomitantly determined on R4 — R7 gated populations as
shown. Results are shown for the percentage of each subpopulation that expressed Ki-67
was determined in individual gates before and after treatment in one exemplary MDS
patient. In Figure 5B, the % Ki-67 positive CD4+ (solid lines) and CD8+ (dashed lines)
were determined in naive CD45RA+/CD62L+ (circle), central memory
(CD45RA+/CD62L-) (square), effector memory (triangle), and terminal effector memory
(hashed mark). For each of these eight cell populations, changes in %Ki-67 from before
treatment (pre-TX) to after treatment (post-TX) were compared between responders (open
circles) and non-responders (open triangles) using the Wilcoxon rank sum test, adjusting
for multiple testing using the Holm step down method (p<0.05 for all eight comparisons).
In Figure 5C, the pre-TX versus post-TX changes in percentage of naive
CD62L+/CD45RA+ were also compared between patients that displayed a clinical
response (responders) and patients that failed to respond to immunosuppression (non-
responders) using the Wilcoxon rank sum test, adjusting for multiple testing using the
Holm step down method.

Figures 6A-6E show phenotype using CD45RA/CD62L display. In some
experiments, anti-CCR7-PE was also included. Anti-perforin-PE and anti-IFNy-PE
antibodies were used to stain permeabilized cells (BD Biosciences fix and perm kit).
Induction of IFNy release was determined after activation with plate-bound anti-CD3
antibody and anti-CD28 (BD Pharmingen, San Jose, CA USA) cross-linking. Stimulation
with anti-CD28 along (5 ng/ml) was used as a negative control. Brefeldin A (10 pg/ml,
Sigma, CA USA) was added during the last 4 hrs of the stimulation period to prevent
extracellular secretion. CD45RA/CD62L populations (R4-R7) were defined in both CD4+
and CD8+ T-cell subsets as follows: naive CD62L+/CD45RA+, central memory
CD62L+/CD45RA-, effector memory CD62L-/CD45RA-, and terminal effector memory
CD62L-/CD45RA+ as shown in Figures 6A-6D. The percentage of cells that expressed
the chemokine receptor CCR7, perforin, and anti-CD3-induced IFNy in each
subpopulation is shown in Figure 6E. Similar to previous reports, IFNy production and

perforin expression were almost exclusively restricted to CD62L negative memory
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subsets (R6 and R7), whereas CCR7 expression was strongly associated with a naive -

phenotype (CD45RA+/CD62L+, R4) (Figure 6E) (Sallusto et al., 1999).

DETAILED DESCRIPTION OF THE INVENTION

The subject invention concerns methods for assessing or predicting a patient’s
likelihood of responsiveness to an immunosuppressive therapy. The subject invention is
contemplated for use with patients having an autoimmune disorder. In an exemplified
embodiment, the methods of the invention are used for assessing and/or treating a patient
with MDS. In one embodiment, a method of the invention comprises analyzing T cells of
a patient for dysregulation of CD4" and/or CD8" T cell subsets, and determining the
patient’s likelihood of responsiveness to IST based on the level of dysregulation of the
patient’s CD4" and/or CD8" T cell subsets. The cells of a patient can be obtained from
any suitable biological sample, such as a blood samplé. In one embodiment, the blood
sample is a peripheral blood sample. The samples can be enriched for lymphocytes,
including T cells, using standard methods known in the art. Increases or decreases in
percentage of cells, or increases or decreases in percentage of cells expressing a marker
protein or nucleic acid of the invention, or increases or decreases in proliferation of cells
can be compared to a control sample or to a value obtained from a control sample of
patients having the same disorder. For example, in certain embodiments, the control is a
value obtained from a sample of patients having the same disorder as the patient that has
been determined to be non-responders to IST.

In one embodiment, an increased likelihood of patient responsiveness to IST is
associated with an increased percentage of CD4" and/or CD8" effector memory T cells
and/or terminal effector memory T cells for a patient. In one embodiment, an increased
likelihood of responsiveness to IST is associated with an increased percentage of CD4"
effector memory T cells. In a specific embodiment, an increased likelihood of
responsiveness to IST is associated with an increased percentage of CD62L" CD4" T cells
and/or CD62L" CD8" T cells for the patient. In a more specific embodiment, an increased
likelihood of responsiveness to IST is associated with an increased percentage of
CD62L/CD45RA” CD4" T cells for the patient having the disorder.

In a further embodiment, an increased likelihood of patient responsiveness to IST

is associated with a decreased percentage of CD4" and/or CD8" naive T cells and/or CD4"
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and/or CD8" central memory T cells for a patient. In one embodiment, an increased
likelihood of patient responsiveness to IST is associated with a decreased percentage of
CD4" and/or CD8" central memory T cells for a patient. In a specific embodiment, an
increased likelihood of responsiveness to IST is associated with a decreased percentage of
CD62L" CD4" T cells and/or CD62L" CD8" T cells for the patient. In a more specific
embodiment, an increased likelihood of responsiveness to IST is associated with a
decreased percentage of CD62L"/CD45RA”™ CD4" and/or CD62L"/CD45RA”™ CD8* T
cells for the patient having the disorder.

In another embodiment, a method of the invention comprises analyzing the level
of CD4" T cells present in the patient, wherein a reduced level of CD4" T cells is
associated with an increased likelihood of IST responsiveness for the patient. In a still
further embodiment, a method of the invention further comprises analyzing the ratio of
CD4" to CD8" T cells (CD4":CD8") in a patient, wherein a lower ratio of CD4*:CD8* T
cells is associated with an increased likelihood of the patient responding to IST.

In a further embodiment, a method of the invention comprises analyzing the
proliferation (e.g., proliferative index) of CD4" and/or CD8" T cells-of a patient, wherein
an increased or higher level of proliferation of CD4" and/or CD8" T cells in a patient is
associated with an increased likelihood of the patient responding to IST. In a specific
embodiment, a method of the invention comprises analyzing the percentage of Ki-67"
CD4" T cells and/or Ki-67" CD8" T cells, wherein an increased percentage of Ki-67"
CD4" T cells and/or Ki-67" CD8" T cells is associated with an increased likelihood of the
patient responding positively to IST.

In one embodiment of the methods of the invention, marker proteins are detected
and/or quantitated by contacting a biological sample with an antibody or other moiety that
binds specifically to a target marker protein, and detecting the presence of a complex of
the antibody or binding moiety bound to the target marker protein.

The expression levels of markers, such as CD3; CD4; CD8; CD25; protein target
bound by Ki-67 antibody (Genbank accession numbers X74107; NM_001145966; and
NM_002417); L-selectin (e.g., CD62L) (Genbank accession number NM 000655);
and/or tyrosine phosphatase (e.g., CD45) (Genbank accession numbers NM_080922 and
NG_007730), in T cells can be detected using antibodies or aptamers that bind

specifically to a target marker protein, or using nucleic acid, such as oligonucleotides, that
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hybridize with nucleic acid sequences (e.g., mRNA) expressed by genes encoding or
associated with the marker protein. An aptamer is an oligonucleotide or peptide molecule
that can bind specifically to a target molecule. Aptamers can be prepared from large
random pools of oligonucleotides or peptides (Berezovski et al., 2008; Ellington and
Szostak, 1990; Hoppe-Seyler and Butz, 2000; Klussmann, 2006). Methods and materials
for detecting and/or quantifying expression levels of target nucleic acids are well known
in the art and include, for example, Northern blotting and polymerase chain reaction
(PCR) methods.

An antibody, or an antibody fragment, or an aptamer that binds specifically to any
one of CD3, CD4, CD8, CD25, nuclear or cellular proliferation antigens, L-selectin, and
tyrosine phosphatase can be used in the embodiments of the invention. Antibodies or
aptamers specific to L-selectin include an antibody or aptamer to the CD62L marker.
Antibodies or aptamers specific to tyrosine phosphatase include an antibody or aptamer to
one of the CD45RA, CD45RB, and CD45RO markers. An antibody, or antibody
fragment, or aptamer that is specific for a cell proliferation antigen can be used in the
embodiments of the invention. Antibodies or aptamers specific to a proliferation-
associated antigen that can be used according to the present invention include antibodies
or aptamers to Ki-67, a nuclear proliferation-associated antigen. In one embodiment, a
method of the invention comprises the use of flow cytometry instruments and methods to.
detect the binding of antibodies or aptamers to antigens on the surface of cells. Flow
cytometry instruments and methods of use are well known in the art (Jaroszeski and
Heller, 1998; Ormerod, 2008; Radbruch, 2000; Recktenwald and Radbruch, 1997,
Shapiro, 2003).

In one aspect, the present invention contemplates the use of nucleic acids as
agents for detecting marker proteins in biological samples of patients, wherein the nucleic
acids are labeled with a detectable label. The nucleic agents may be labeled with a
radioactive label, a fluorescent label, a quantum dot, an enzyme, a chemiluminescent tag,
a colorimetric tag or other labels or tags that are discussed above or that are known in the
art.

In another aspect, the present invention contemplates the use of Northern blot
analysis to detect the presence of marker protein mRNA in a biological sample. The first

step of the analysis involves separating a sample containing nucleic acid by gel
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electrophoresis. The dispersed nucleic acids are then transferred to a nitrocellulose filter
or another filter. Subsequently, the filter is contacted with labeled oligonucleotide under
suitable hybridizing conditions, e.g., 50% formamide, 5 x SSPE, 2 x Denhardt’s solution,
0.1% SDS at 42° C., as described in Molecular Cloning: A Laboratory Manual, Maniatis
et al. (1982, CSH Laboratory). Other useful procedures known in the art include solution
hybridization, dot and slot RNA hybridization, and probe based microarrays. Measuring
the radioactivity of hybridized fragments, using standard procedures known in the art
quantitates the amount of a particular nucleic acid present in the biological fluid of a
patient.

Dot blotting involves applying samples that may contain a nucleic acid of interest
to a membrane. The nucleic acid can be denatured before or after application to the
membrane. The membrane is incubated with a labeled probe. Dot blot procedures are
well known to the skilled artisan and are described more fully in U.S. Patent Nos.
4,582,789 and 4,617,261. Radioimmunoassays, Western blotting, and enzyme linked
immunosorbent assay (ELISA) can also be used to detect and quantify marker proteins in
a biological sample. RIA, Western blotting, and ELISA methods are well known in the
art (Ausubel et al., 1994). '

In another aspect, the present invention contemplates the use of polymerase chain
reaction (PCR) to detect the presence and/or quantity of a nucleic acid encoding or
associated with a marker protein in a biological sample. Polymerase chain reaction is a
process for amplifying one or more specific nucleic acid sequences present in a nucleic
acid sample using primers and agents for polymerization and then detecting the amplified
sequence. The extension product of one primer when hybridized to the other becomes a
template for the production of the desired specific nucleic acid sequence, and vice versa,
and the process is repeated as often as is necessary to produce the desired amount of the
sequence. PCR is routinely used to detect the presence of a desired sequence (U.S. Patent
No. 4,683,195).

A specific example of PCR that is routinely performed by the skilled artisan to
detect desired sequences is reverse transcription PCR (RT-PCR; Saiki ef al. (1985) and
Scharf et al. (1986)). RT-PCR involves isolating total RNA from biological fluid,
denaturing the RNA in the presence of primers that recognize the desired nucleic acid
sequence, using the primers to generate a cDNA copy of the RNA by reverse
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transcription, amplifying the cDNA by PCR using specific primers, and detecting the
amplified cDNA by electrophoresis or other methods known to the skilled artisan. The
amount of a target nucleic acid sequence in a sample can be quantitated using standard
PCR methods.

Oligonucleotide primers and probes can be used in PCR methods and other
methods involving nucleic acid amplification. In one embodiment, a probe or primer can
hybridize to a target polynucleotide of the invention under stringent conditions. Probes

and primers of the invention can optionally comprise a detectable label or reporter

. . . 5 125
‘molecule, such as fluorescent molecules, enzymes, radioactive moiety (e.g., 3 H, 3 S, 1,

etc.), and the like. Probes and primers of the invention can be of any suitable length for
the method or assay in which they are being employed. Typically, probes and primers of
the invention will be 10 to 500 or more nucleotides in length. Probes and primers that are
10 to 20, 21 to 30, 31 to 40, 41 to 50, 51 to 60, 61 to 70, 71 to 80, 81 to 90, 91 to 100 or
more nucleotides in length are contemplated within the scope of the invention. Probes
and primers of the invention can have complete (100%) nucleotide sequence identity with
the target polynucleotide sequence, or the sequence identity can be less than 100%. For
example, sequence identity between a probe or primer and a sequence can be 99%, 98%,
97%, 96%, 95%, 90%, 85%, 80%, 75%, 70% or any other percentage sequence identity
so long as the probe or primer can hybridize under stringent conditions to a nucleotide
sequence of a polynucleotide of the invention.

In one embodiment of a method of the present invention, the IST that is
considered for administration to the patient if the patient is determined to be likely to
respond to the IST can be anti-thymocyte globulin (ATG) therapy. In another
embodiment, the IST that is considered for administration to the patient if the patient is
determined to be likely to respond to the IST can be cyclosporine A (CyA) therapy. In a
still further embodiment, the IST that is considered to be administered to a patient is both
ATG and CyA therapy. Other IST contemplated by the subject invention include, but is
not limited to, use of antibodies to T cell receptors (anti-CD3) and/or IL-2 receptors (anti-
CD25); use of interferons; use of Tacrolimus (PROGRAF); use of glucocorticoids; and
use of cytostatic compounds such as alkylating agents, methotrexate, and azathioprine.

The subject invention also concerns methods for treating a patient having an

autoimmune disorder, such as MDS, comprising the steps of determining if a patient is
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likely to respond to IST, wherein said determination is made using a method of the
present invention for assessing likelihood of responsiveness to IST; and if the patient is
determined to be one likely to respond to IST, administering an effective regimen of IST
to the patient. In one embodiment, the IST administered is anti-thymocyte globulin
(ATG) therapy. In another embodiment, the IST administered is cyclosporine A (CyA)
therapy. In a still further embodiment, the IST to bé administered to a patient is both
ATG and CyA therapy. Any other immunosuppressive therapies useful in treating the
disorder afflicting the patient are also contemplated within the scope of the invention. In
one embodiment, the method further comprises a first step of identifying and/or
diagnosing that the patient has or is developing an autoimmune disorder, such as MDS.

Methods of the present invention can also be combined with any other methods or
markers known in the art for determining or assessing likelihood of responsiveness to IST
for a patient having an autoimmune disorder, such as MDS. For example, wherein the
methods are used to assess an MDS patient, the methods of the invention can also
incorporate methods utilizing factors such as patient age, HLA-DR2 antigen status of the
patient, and/or duration of red cell transfusion dependence (RCTD) (Saunthararajah et al.,
2002 and 2003).

The methods of the invention can be used for assessing responsiveness to IST and
for treating patients having an autoimmune disorder and/or a disorder in which one of the
pathologies is an immune system that is underregulated, or that is overactive, or that is
reactive against self, i.e., that recognizes as foreign and mounts an immune response
against the patient’s own antigens, cells, and tissues. Autoimmune disorders
contemplated within the scope of the invention include, but are not limited to, Addison’s
disease, Crohn’s disease, dermatomyositis, diabetes mellitus type 1, Graves’ disease,
lupus erythematosus, multiple sclerosis (MS), myasthenia gravis, pernicious anemia,
polymyositis, rheumatoid arthritis, Sjégren’s syndrome, ulcerative colitis, vasculitis, and
Wegener’s granulomatosis. In an exemplified embodiment, the disorder is MDS.

The subject invention also concerns kits comprising reagents for practicing the
methods of the present invention. In one embodiment, a kit of the invention comprises in
one or more containers:

i) a reagent for assessing the presence of and/or quantifying the amount of CD4"

T cells in a sample; and/or
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ii) a reagent for assessing the presence of and/or quantifying the amount of CD8*
T cells in a sample; and/or

iii) a reagent for assessing the presence of and/or quantifying the amount of
naive, central memory, effector memory, and/or terminal effector memory T cells in a
sample; and/or

iv) a reagent for assessing the proliferation of CD4" and/or CD8" T cells in a
sample.

In one embodiment, a kit of the invention further comprises positive or negative
controls or standards that the assayed sample can be compared to. In one embodiment,
the kit comprises one or more antibody, an antibody fragment, or aptamer specific to
CD4" or CD8" T cells. In one embodiment, the kit comprises one or more antibody,
antibody fragment, or aptamer specific to CD3 or CD25 markers. In a further
embodiment, the kit comprises one or more antibody, an antibody fragment, or aptamer
that bind specifically to an L-selectin antigen determinant, such as CD62L and/or one or
more antibodies that bind to a tyrosine phosphatase antigen determinant, such as
CD45RA, CD45RB, or CD45RO. In another embodiment, the kit comprises one or more
antibody, an antibody fragment, or aptamer that bind specifically to Ki-67, a nuclear
proliferation-associated antigen. A kit of the invention can comprise any and all of the
above embodiments. In another embodiment, the kit comprises one or more nucleic acid
or oligonucleotides that selectively hybridize with a nucleic acid encoding or associated
with CD3, CD4, CD8, CD25, L-selectin, a tyrosine phosphatase, and/or a cellular or
nuclear proliferation-associated marker protein. A reagent of the kit, such as an antibody,
aptamer, nucleic acid, or oligonucleotide can optionally be labeled with a detectable label,
and/or the kit can optionally comprise a detectable label that can be conjugated or bound
to a reagent of the kit, such as an antibody, aptamer, nucleic acid, or oligonucleotide. The
kit can also optionally comprise additional reagents for conjugating or binding the
detectable label to a reagent of the kit. In one embodiment, a kit of the invention can
optionally comprise instructions pertaining to the use of the reagents and/or methods of
the invention, packaging materials, sample diluents, buffers, wash reagents, and/or
containers.

Detectable labels that can be used with the present invention include, but are not

limited to, enzymes, radioisotopes, chemiluminescent and bioluminescent reagents, and
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fluorescent moieties. Enzymes that can be used include but are not limited to lucerifase,
beta-galactosidase, acetylcholinesterase, horseradish peroxidase, glucose-6-phosphate
dehydrogenase, and alkaline phosphatase. If the detectable label is an enzyme, then a
suitable substrate that can be acted upon by the enzyme can be used for detection and
measurement of enzyme activity. In onevembodiment, if the detectable label is a
peroxidase, the substrate can be hydrogen peroxide (H>O;) and 3-3'-diaminobenzidine or
4-chloro-1-naphthol and the like. Other substrates suitable for use with other enzymes are
well known in the art. An example of a luminescent material includes luminol.
Examples of bioluminescent materials include, but are not limited to, luciferin, green
fluorescent protein (GFP), enhanced GFP (Yang et al., 1996), and aequorin. Fluorescent
moieties include, but are not limited to, umbelliferone, fluorescein, fluorescein
isothiocyanate, Cascade Blue, rhodamine, dichlorotriazinylamine fluorescein, dansyl
chloride, Texas Red, Oregon Green, cyanines (e.g., CY2, CY3, and CY5),
allophycocyanine, or phycoerythrin. Isotopes that can be used include, but are not limited
to, '°L, "*C, *S, and °H.

Antibodies contemplated for use in the present invention can be in any of a variety
of forms, including a whole immunoglobulin, an antibody fragment such as Fv, Fab, and
similar fragments, a single chain antibody that includes the variable domain
complementarity determining regions (CDR), and the like forms, all of which fall under
the broad term “antibody,” as used herein. Antibodies useful in the methods of the
present invention can be monoclonal or polyclonal antibodies, and can be from any
source including, but not limited to, mouse, rabbit, goat, rat, or human. Antibodies of the
invention can be conjugated to a detectable label, such as, for example, a fluorescent
moiety. In one embodiment of the present invention, a detectable label can be directly
bound td an antibody that binds to a marker of the invention. If the detectable label is to
be directly bound, the label may comprise a functional group which is capable of binding
to the antibody used with the invention. Alternatively, the detectable label may be
indirectly bound, for example, using an avidin-biotin or streptavidin-biotin bridge
wherein the avidin or biotin is labeled with a detectable label. In one embodiment, an
antibody of the invention is conjugated with avidin and the detectable label is conjugated
with biotin.
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The term “antibody fragment” refers to a portion of a full-length antibody,
generally the antigen binding or variable region. Examples of antibody fragments include
Fab, Fab', F(ab'), and Fv fragments. Papain digestion of antibodies produces two
identical antigen binding fragments, called the Fab fragment, each with a single antigen
binding site, and a residual “Fc” fragment, so-called for its ability to crystallize readily.
Pepsin treatment yields an F(ab'), fragment that has two antigen binding fragments, which

are capable of cross-linking antigen, and a residual other fragment (which is termed pFc').

Additional fragments can include diabodies, linear antibodies, single-chain antibody

molecules, and multispecific antibodies formed from antibody fragments. As used herein,
“functional fragment” with respect to antibodies, refers to Fv, F(ab) and F(ab")
fragments.

Antibody fragments can retain an ability to selectively bind with the antigen or
analyte and are defined as follows:

(1) Fab is the fragment that contains a monovalent antigen-binding fragment of an
antibody molecule. A Fab fragment can be produced by digestion of whole antibody with
the enzyme papain to yield an intact light chain and a portion of one heavy chain.

(2) Fab' is the fragment of an antibody molecule can be obtained by treating whole
antibody with pepsin, followed by reduction, to yield an intact light chain and a portion of
the heavy chain. Two Fab' fragments are obtained per antibody molecule. Fab' fragments
differ from Fab fragments by the addition of a few residues at the carboxyl terminus of
the heavy chain CH1 domain including one or more cysteines from the antibody hinge
region.

(3) (Fab'), is the fragment of an antibody that can be obtained by treating whole
antibody with the enzyme pepsin without subsequent reduction. F(ab'), is a dimer of two
Fab' fragments held together by two disulfide bonds.

(4) Fv is the minimum antibody fragment that contains a complete antigen
recognition and binding site. This region consists of a dimer of one heavy and one light
chain variable domain in a tight, non-covalent association (Vy-Vp dimer). It is in this
configuration that the three CDRs of each variable domain interact to define an antigen-
binding site on the surface of the Vy-V. dimer. Collectively, the six CDRs confer

antigen-binding specificity to the antibody. However, even a single variable domain (or



10

15

20

25

30

WO 2009/120341 PCT/US2009/001875

15

half of an Fv comprising only three CDRs specific for an antigen) has the ability to
recognize and bind antigen, although at a lower affinity than the entire binding site.

(5) Single chain antibody (“SCA”), defined as a genetically engineered molecule
containing the variable region of the light chain, the variable region of the heavy chain,
linked by a suitable polypeptide linker as a genetically fused single chain molecule. Such
single chain antibodies are also referred to as “single-chain Fv” or “sFv” antibody
fragments. Generally, the Fv polypeptide further comprises a polypeptide linker between
the VH and VL domains that enables the sFv to form the desired structure for antigen
binding. For a review of sFv see Pluckthun in The Pharmacology of Monoclonal
Antibodies, vol. 113, Rosenburg and Moore eds. Springer-Verlag, N.Y., pp. 269 315
(1994). |

Compounds useful in the treatment methods of the subject invention can be -
formulated according to known methods for preparing pharmaceutically useful
compositions. Formulations are described in detail in a number of sources which are well
known and readily available to those skilled in the art. For example, Remington’s
Pharmaceutical Science by E.W. Martin describes formulations which can be used in
connection with the subject invention. In general, the compositions of the subject
invention will be formulated such that an effective amount of the compound is combined
with a suitable carrier in order to facilitate effective administration of the composition.
The compositions used in the present methods can also be in a variety of forms. These
include, for example, solid, semi-solid, and liquid dosage forms, such as tablets, pills,
powders, liquid solutions or suspension, suppositories, injectable and infusible solutions,
and sprays. The preferred form depends on the intended mode of administration and
therapeutic application. = The compositions also preferably include conventional
pharmaceutically acceptable carriers and diluents which are known to those skilled in the
art. Examples of carriers or diluents for use with the subject compounds include ethanol,
dimethyl sulfoxide, glycerol, alumina, starch, and equivalent carriers and diluents. To
provide'for the administration of such dosages for the desired therapeutic treatment,
pharmaceutical compositions of the invention will advantageously comprise between
about 0.1% and 99%, and especially, 1 and 15% by weight of the total of one or more of
the subject compounds based on the weight of the total composition including carrier or

diluent.
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As used herein, the term “myelodysplastic syndromes” or “MDS” means any
hematopoietic cell disorders characterized by one or more of the following: decreased or
ineffective blood cell production, anemia, cytogenetic abnormalities, cytopenias, and risk
of progression to acute leukemia or cellular marrow with impaired morphology and
maturation. The term “myelodysplastic syndromes” or “MDS” can include any of the
following: refractory anemia (RA), refractory anemia with ringed sideroblasts (RARS),
refractory anemia with excess blasts (RAEB), refractory anemia with excess blasts in
transformation (RAEB-T) and chronic myelomonocytic leukemia (CMML).

Patient responsiveness to IST for a particular disorder can be based on a
measurable parameter that is indicative of patient improvement after receiving a
therapeutic treatment. Patient responsiveness to IST in MDS patients includes observing
increases in red blood cell production; increases in granulocyte production; and increases
in platelet production. In one embodiment, responsiveness to IST in MDS patients is
based on hematological improvement as assessed by the International Working Group

(IWQ) criteria (Cheson et al., 2006; Soand et al., 2008).

MATERIALS AND METHODS

Patients and healthy controls. Seventy-six MDS patients were analyzed in total.

Untreated MDS patients (n=47) were recruited from the Malignant Hematology clinic at
the H. Lee Moffitt Cancer Center & Research Institute. Diagnoses were confirmed by
pathology and classified in accordance with World Health Organization criteria. After
obtaining written informed consent, 40 mls of peripheral blood were collected in
heparinized tubes from each patient. Samples from 29 patients were obtained in
collaboration with Dr. Elaine Sloand of the National Heart Lung and Blood Institute
(NHLBI), Bethesda, MD. Twenty patients had been treated with ATG alone or ATG plus
cyclosporine, and samples were analyzed before and after therapy. For use as controls,
buffy coats from healthy blood donors were obtained from the Southwest Florida Blood
Services (SFBS) in St. Petersburg, FL. Peripheral blood mononuclear cells (PBMCs)
were isolated from MDS patients and healthy donors by Ficoll-Hypaque (Amersham
Pharmacia Biotech, Piscataway, New Jersey, USA) gradient centrifugation, as previously
described, and frozen in liquid nitrogen (Epling-Burnette et al., 2001).
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Detection of naive and memory T-cell subpopulations. Cryopreserved PBMCs

were thawed and incubated with antibodies to distinguish naive and memory CD4 and
CD8 T-cell subtypes were detected after surface staining with anti-CD3-PE Cy7, anti-
CD45RA-FITC, anti-CD62L-APC, and either anti-CD4- or CD8-APC Cy7, which were
all obtained from BD Biosciences, San Jose, CA USA. Naive and memory T-cell
populations were distinguished by CD45RA and CD62L expression, as described
previously by flow cytometry (Maldonado et al., 2003; Rabin et al., 1995). Exclusion of
DAPI was used to distinguish cell viability. Results of flow cytometry were analyzed on
a LSRII Benchtop analyzer (BD Bioscience). .

Flow cytometry to detect proliferation. Cell proliferation was measured by Ki-67

nuclear antigen expression. Ki-67 is expressed by cells in late G1, S, G2, and M phase of
the cell cycle (Hazenberg et al., 2000a; Hellerstein ez al., 1999). In earlier studies, Ki-67
staining was positively correlated with deuterated glucose labeling of dividing cells in
vivo (Hellerstein et al., 1999). To determine the percentage of proliferating cells within
specific lymphocyte subsets, a gate was used to define CD3+ T-cells that were CD4+ or
CD8+ and stained with anti-Ki-67+ antibodies within the lymphocyte gate (R1, in Fig. 1)
to determine expression in naive and fnemory T-cell subsets based on CD45RA and
CD62L surface markers. Anti-Ki-67-PE was used to stain the intracellular nuclear
antigen after subsequent fixation and permeabilization (BD Biosciences fix and perm kit)
as recommended by the manufacturer.

Statistical Analysis. The statistical methods used included linear regression, the

Wilcoxon rank sum test and the Wilcoxon signed rank test (in the instances of paired
data). When adjustment for multiple testing was necessary, the Holm step down method
was used. A two-sided P<0.05 was considered as statistically significant. The specific
statistical tests that were used in each experiment are noted in the figure and table

legends.

All patents, patent applications, provisional applications, and publications referred
to or cited herein are incorporated by reference in their entirety, including all figures and
tables, to the extent they are not inconsistent with the explicit teachings of this

specification.
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Following are examples that illustrate procedures for practicing the invention.
These examples should not be construed. as limiting. All percentages are by weight and

all solvent mixture proportions are by volume unless otherwise noted.

Example 1—Clinical characteristics of MDS patients

Characteristics of 76 untreated MDS patients (46 from Moffitt and 29 from
NHLBI) are summarized in Table 1. Patient ages ranged from 19 to 82 years with a mean
age of 64 years. Nearly half of the patients had refractory cytopenia with multilineage
displasia (RCMD), and two thirds of all patients were low or intermediate-1 based on the
IPSS. Half of the patients had abnormal karyotypes, including del[5q], trisomy 8,

monosomy 7, and a complex karyotype with three or more abnormalities.

Table 1. Characteristics of MDS patients

- Total (N) %
Age (mean=64 y.0.) (n=76)*
<60 y.o. 26 34.7
=60to =71 y.o. 24 32.0
> 71 y.o. 25 33.3
WHO**
classification (n=57)
RA 20 35.1
RCMD 25 43.0
RAEB 12 21.0
IPSS (n=56)
Lower (low/Int-1) 39 69.6
Higher (Int-2/High) 17 30.4
Karyotype (n=56)*
Normal 27 48.2
Abnormal*** _ 31 554
del 5q 4
Trisomy 8 8
Monosomy 7 2
Complex 13

*A total of 76 patients were included in this study with a mean age of 64 years. All
patients met the clinical criteria for myelodysplastic syndrome based on pathological
examination. The age was unavailable in 1 patient.

**World health organization (WHO) classification was assessed in 57 out of 76 patients.
The classification was grouped as Refractory Anemia (RA) and refractory anemia with
and refractory anemia with excess blasts 1 and 2 (RAEB).
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*International prognostic scoring system (IPSS) classification was available in 56 out of
76 patients. Patients were grouped as either lower (low plus intermediate-1) or
intermediate-2 and high risk (higher risk). Low risk =IPSS score 0, intermediate-1 (IPSS
score 0.5 - 1.0), intermediate-2 (IPSS score 1.5-2.0) and high risk (IPSS score > 2.0).
&Karotype was performed by standard cytogenetics in 56 out of 76 patients.

***The frequency is shown for the most common abnormalities including deletion of 5q
(del 5q), Trisomy 8, monosomy 7, and complex. Complex abnormalities include 3 or
greater karyotypic abnormalities.

Example 2—Reduced CD4:CD8 Ratio in MDS patients

CD4+ T-cells are normally present in the peripheral blood lymphocyte pool at 2 to
4 times greater than that of CD8+ T-cells, and diminished CD4:CD8 ratio has been
previously shown to‘correlate with poor survival outcome in MDS (Bennett & Komrokji,
2005; Sokol et al., 1989; Kook et al., 2001; Saunthararajah et al., 2001; Wang et al.,
2006; Okamoto et al., 1997). Similar to previous reports, we found that the CD4:CD8
ratio was reducéd in MDS patients compared to healthy controls after adjusting for age
(p-value <0.0001) (Fig. 1A). To assess whether the case-control difference in the
CD4:CD8 ratio was due to differences in CD4, CDS8, or both, percentages of each cell
type were individually compared between cases and controls after adjusting for age. This
analysis revealed that the percentage of CD4 cells was reduced in the peripheral
lymphocyte pool among MDS cases as compared to controls (Fig. 1B, p-value<0.0001),
while there was no difference in the percentage of CD8 cells (Fig. 1C, p-value=0.42).
There was no statistically significant interaction between age and reduction in CD4:CD8
ratio in this analysis. These results suggest that changes in the CD4+ lymphocyte pool
may be responsible for the diminished CD4:CDS8 ratio with well-described significance in
MDS (Bennett & Komrokji, 2005; Sokol et al., 1989; Kook et al., 2001; Saunthararajah
etal.,2001; Wang et al., 2006; Okamoto et al., 1997).

Example 3—T-cell subset distribution is defective in CD4+ and CD8+ T-cells in MDS

patients
Since we found that CD4+ T-cells are diminished in MDS patients, and CD8+ T-

cells have been shown to display TCR repertoire restriction, we examined the phenotype
of both CD4+ and CD8+ T-cell populations in the same group of MDS cases and
controls. Isoforms of the tyrosine phosphatase CD45 (RB, RA, RO), along with L-
selectin (CD62L), have been used to distinguish naive from memory T-cells (Rabin ef al.,
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1995; Sallusto et al., 1999; De Rosa et al., 2001; Champagne et al., 2001). We used
multiple color flow staining to distinguish the T-cell subpopulations. An illustration of
these markers is shown in supplemental Figure 1 for a healthy control donor. We
compared the proportion of circulating naive and memory CD4+ and CD8+ T-cell
subpopulations in MDS patients (n=47) and healthy control donors, individually age-
matched to MDS patients within 4 years (n=47). Data in Figure 2 show that the
percentages of naive CD4+ and CD8+ T-cells are lower in MDS. In the T-cell pool, both
CD4+ and CD8+ naive cells were under-represented in cases compared to controls

(p<0.0001 for both populations). In addition to reduced naive cells, the memory CD4+

and CD8+ subpopulations .displaying a CD45RA-/CD62L- (effector memory) and

CD45RA+/CD62L- (terminal effector memory) phenotype were increased in cases
compared to controls. |

Since the proportion of naive and memory T-cell distributions change with age
due to reduction in thymic function, the age-related differences among the MDS cases,
which ranged from 19 to 82 years old (n=47), was compared to control with results shown
in Figure 3. Furthermore, T-cell homeostatic mechanisms have been reported to differ
among CD4 and CD8 populations with age (Naylor et al., 2005; Czesnikiewicz-Guzik et
al., 2008; Goldrath & Bevan, 1999; Schwab et al., 1997). Among these cases, positive
correlations were observed between age and both % CD62L positive naive cells and
central memory CD4+ T-cells, although the former association was not statistically
significant (naive: slope=0.186, p=0.14; central memory: slope=0.685, p=0.001).
Furthermore, the proportions of CD62L- CD4+ T-cell populations, including effector
memory and terminal effector memory T-cells, were greater in younger MDS patients
(slope=-0.433, p=0.128 and slope=-0.364, p=0.128, respectively). Similar patterns with
age were observed for naive, central memory, effector memory and terminal effector
memory CD8+ T-cells, although the associations were weaker than those observed for
CD4+ T-cells, and only the reduction in central memory cells in younger patients was

statistically significant (Fig. 3B, slope=-.249, p=0.022). These age-related changes in T-

" cell phenotype were distinctly different from those observed in CD4+ or CD8+ T-cells

from controls, as shown in Figure 3 , that ranged in age from 19 to 81 years old (n=54).
Although there was a slight tendency for CD4+ naive cells to decrease with age, this trend
was not statistically significant (slope=-0.11, p=1.0), and central, effector, and terminal
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effector memory CD4+ T-cell subpopulations did not change with age within the CD4+
subset (Fig. 3C). In these healthy control donors, a dramatic age-related change in T-cell
homeostasis occurred within the CD8+ T-cell compartment. The percentage of naive
CD8+ T-cells decreased 0.61% with each year of age-(p=<0.0001); whereas, conversion
of the peripheral pool to terminal effector memory cells was positively associated with
age (0.567% increase with each year of age, p=0.001), as shown in Fig. 3D (left panel). In
summary, results show that there is a particular skewing of CD4+ and CD8+ T-cells
toward a CD62L- phenotype with reduction in naive cells in younger MDS patients.

Example 4—Aberrant homeostatic T-cell regulation prior to treatment in patients

responsive to IST

Diminished naive T-cells may result from accelerated turnover characterized by
increased cell death or increased conversion of naive cells into memory cells similar to
abnormalities observed in association with other autoimmune syndromes (Krupica et al.,
2006; Marleau & Sarvetnick, 2005; Goronzy & Weyand, 2005; Fulop et al., 2003). Since
younger age in MDS represents an important characteristic related to IST response, the
CD4'+ and CD8+ naive and memory cell populations and the CD4:CD8 ratio were
compared among eight IST responders and fifteen non-responders (ages ranged from 19
to 72 years old with a mean age of 46 and 62 years among responders and non-
responders, respectively) to gain a better understanding of how altered T-cell homeostasis
impacts bone marrow suppression among younger cases. To understand the relationship
between T-cell turnover and IST response, we also determined the expression of Ki-67, a

nuclear proliferation-associated antigen, as an indicator of proliferation in both the CD4+

“and CD8+ T-cells. Patients were treated with either equine anti-thymocyte globulin

(ATG) or ATG plus cyclosporine A (CyA), and hematologic response was assessed using
the International Working Group (IWG) criteria with clinical results reported elsewhere
(Cheson et al., 2006; Sloand et al., 2008). First, immune parameters were compared
before treatment between patients that demonstrated hematologic response (complete
response and partial response) and patients demonstrating no clinical hematologic
improvement to this therapy. We found that the CD4:CDS8 ratio before treatment was
statistically significantly lower in the IST responders compared to non-responders (Fig.
4A) (p=0.0003). Interestingly, we found that the pre-treatment % of Ki-67 positive cells
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in both the CD4+ and CD8+ subpopulations was significantly greater in MDS patients

demonstrating a response to IST compared to patients who did not respond (p=0.0038 and

-~ p=0.0005, respectively, Fig. 4B-1 and 4B-2). In Figure 4C-1 and 4C-2, we show inverse

correlations between the percentage of Ki-67+/CD4+ and Ki-67+/CD8+ T-cells and the
CD4:CDS ratio, which was statistically significant for the CD4+ population (p=0.0123 for
CD4+ and p=0.0619 for CD8+ cells while adjusting for age). These results suggest that
cells within both of these compartments are actively cycling when the ratio is diminished

in MDS patients.

Example 5—Reconstitution of T-cell homeostasis is associated with recovery of bone

marrow hematopoiesis after therapy

Next, we compared the changes in key immune parameters before and after IST in
association with clinical hematologic response. The proliferative index is dramatically
reduced after treatment specifically in the IST responsive patients as compared to the
non-responsive patients in both the CD4+ and CD8+ T-cells as demonstrated by Ki-67
expression. To determine whether the changes in proliferation affected all of the CD4+
and CD8+ subpopulations, individual analyses were performed on naive and memory
cells defined by % Ki67 in association with CD45RA and CD62L staining using the
gating strategy shown in Figure 5A. After treatment, a reduction in Ki-67 expression was
observed in naive and all memory subpopulations after IST in patients with a
hematological response compared to changes in the non-responders (Figure 5B, p<0.05
for all tests). These results strongly suggest that proliferation may be coupled to
accelerated T-cell depletion and altered T-cell homeostasis that eventually leads to a
reduction in naive cells. Consistent with this idea, patients demonstrating a hematological
response to IST displayed an increase in naive CD4+ and CD8+ T-cells after treatment
compared to non-responders (Figure 5C) (p=0.001 and p=0.0001, respectively). In
summary, results show that proliferation in T-cells is higher and the CD4:CD8 ratio is
lower before treatment in younger IST responsive patients. Furthermore, results also
demonstrate that hematological response is associated with reconstitution of T-cell

homeostasis and reduction in homeostatic proliferation.
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Example 6

Since little is known about age as a modifier of immunity in MDS, the current
study was conducted to determine whether T-cell homeostasis and function is normal and
age-appropriate in MDS patients. Unlike most previously reported findings in CD8+ T-
cells, we foﬁnd that contraction of naive and central memory cells and accumulation of
effector and terminal effector memory cells were also pronounced within the CD4+ T-cell
compartment in younger MDS patients and that reduction in the CD4:CD8 ratio was
driven by an age-independent decrease in CD4+ T-cells (Molldrem et al., 1998;
Saunthararajah et al., 2001; Molldrem et al., 2002; Sloand et al., 2005). To discern how
these age-related abnormalities defined in the case-control study may impact bone
marrow suppression, we studied T-cell immunity in 20 MDS patients before and after
treatment with ATG with or without CyA. Results presented here strongly suggest that
reduced CD4+ T-cells not only drive the aberrant CD4:CD8 ratio in a diverse group of
MDS patients but is also robustly associated with IST responsiveness in younger patierits.
In addition to reduced CD4+ T-cells, altered naive and memory subset distribution was
found in CD4+ T-cell and CD8+ cells.

In younger MDS patients, fragility of the CD4+ naive T-cell compartment is
strikingly different than changes associated with a normal aging process where CD4+
naive cells remain constant, as shown in Fig. 3. In healthy controls, our results are
consistent with previous studies showing that regulation of CD4+ and CD8+ homeostasis
occurs through distinct mechanisms during the aging process. CD4+ T-cells from
patients are clearly more vulnerable to depletion compared to controls (Naylor et al.,
2005). There are several examples, including rheumatoid arthritis, infection with human
immunodeficiency virus (HIV)-1, and individuals with repeated pathogen exposure,
where peripheral CD4+ naive T-cells are diminished and the CD4:CD8 ratio shifted in
association with chronic activation (Hazenberg et al., 2000a; Hazenberg et al., 2000b;
Goronzy & Weyand, 2001). Therefore, these results suggest that CD4+ T-cells in
addition to CD8+ T-cells have been activated in vivo.

Reduction in naive cells in MDS may be mediated by either increased apoptotic
sensitivity or increased rate of phenotype conversion to memory cells (Hazenberg et al.,
2000b; Weyand & Goronzy, 1999). A mechanism of increased sensitivity to apoptosis is

consistent with previous findings that hypocellularity, in some studies, is associated with
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clinical responsiveness to IST (Lim et al., 2007; Sun et al., 2008). Greater succeptibility
to Fas-mediated apoptosis and higher levels of TNFa have also been consistently linked
to bone marrow failure in not only MDS but also in LGL leukemia (Sloand et al., 2002;
Gersuk et al., 1998; Powers et al., 2007; Galili et al., 2007; Reza et al., 1999; Reza et al.,
1998). A higher proliferative index, especially affecting naive cells, in younger IST-
responsive MDS cases indicates that T-cells in these patients have been exposed to
conditions which promote non-antigen-specific proliferation (i.e., homeostatic
proliferation) driven by the IL-2RBy, family of cytokines IL-7, IL-15, and/or IL-21 that
are associated with risk for autoimmunity in many situations (Clarke & Rudensky, 2000;
Lim & Kim, 2007; Chiu et al., 2006).

An increase in T-cell homeostatic proliferation in response to the IL-2RBy. leads
to the indiscriminate expansion of both non-thymic-depleted self-reactive T-cells and
antigen-specific T-cells. An increase in homeostatic proliferation alone, however,
generally fails to induce autoimmunity. It is the combination of homeostatic proliferation
and defects in one or more additional factor(s) circumventing mechanisms of peripheral
tolerance that leads ultimately to autoimmunity in this setting (Krupica et al., 2006). It is
possible that loss of the CD4+ T-cells in MDS may represent deplétion or functional
inactivation of a specific subset of CD4+ T-cells, namely regulatory T-cells (Tregs),
which are important for peripheral tolerance and prevention of an autoimmune process
(Stockinger et al., 2004; Setoguchi et al., 2005; Neujahr et al., 2006; Calzascia et al.,
2008). Tregs express high levels of CD25 (IL-2Ra) with low (dim) expression of IL-7Ra
(CD127) and suppress CD4+ and CD8+ responses to not only TCR stimulation but also
homeostatic proliferation (Krupica et af., 2006; Dunham et al., 2008; Vrabelova et al.,
2008; Alves et al., 2007). Tregs can develop in the thymus (natural, nTregs) or they can
be expanded in the periphery (inducible Tregs, iTregs) (Valencic et al., 2007). Tregs are
characterized by the expression of the FOXP3 transcription factor with greater expression
of the negative co-stimulatory molecule cytotoxic T lymphocyte-associated antigen
(CTLA-4) (Catalfamo et al., 2008). The number of Tregs in the peripheral blood of MDS
patients has been shown to positively correlate with risk for disease progression. Further
investigation is needed to determine whether the number and/or function of Tregs is
lower in IST responsive patients compared to healthy controls with age adjustment. The

latter is important since Treg number and/or function may vary with age (Kordasti et al.,
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2007; Czesnikiewicz-Guzik et al., 2008). Furthermore, elevated levels of IL-21 have
recently been shown to suppress Treg function without affecting cell numbers. In
addition to Treg reduction, excessive IL-21 (King et al., 2004) or an inflammatory
microenvironment independently act as catalyzing factors for homeostatic proliferation-
associated autoimmunity (Krupica et al., 2006).

Regardless of the cellular mechanisms that govern the proliferation and turnover
in the T-cell compartment, the association between the T-cell abnormalities reported in
this study and response to IST provides a strong rationale implicating aberrant T-cell
homeostasis as a critical determinant of autoimmunity in MDS that may have positive
predictive power for response to IST. In summary, our findings are consistent with a
model that IST blocks the proliferative signal that is associated with depletion of CD4+
T-cells and expansion of autoreactive CD8+ T-cells, and restores T-cell-homeostasis of
the CD4+ and CD8+ T-c€ll compartment. The presence of altered T-cell homeostasis

may represent a marker that is predictive for IST responsiveness.

It should be understood that the examples and embodiments described herein are
for illustrative purposes only and that various modifications or changes in light thereof
will be suggested to persons skilled in the art and are to be included within the spirit and
purview of this application and the scope of the appended claims. In addition, any
elements or limitations of any invention or embodiment thereof disclosed herein can be
combined with any and/or all other elements or limitations (individually or in any
combination) or any other invention or embodiment thereof disclosed herein, and all such

combinations are contemplated with the scope of the invention without limitation thereto.
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CLAIMS

I claim:

1. A method for assessing or predicting whether a patient having an autoimmune
disorder will respond to an immunosuppressive therapy (IST), said method comprising:
analyzing T cells of a patienf for dysregulation of CD4" and/or CD8" T cells; and
determining the patient’s likelihood of responding to IST based on the level of

dysregulation of the patients CD4* and/or CD8" T cells.

2. The method according to claim 1, wherein the dysregulation analyzed is the
level of CD4" T cells in a biological sample from the patient, and wherein a reduced level

of CD4" T cells is predictive of an increased likelihood of patient response to IST.

3. The method according to claim 1, wherein the dysregulation analyzed is the
ratio of CD4":CD8" T cells in a biological sample from the patient, and wherein a
reduced or lower ratio of CD4":CD8" T cells is predictive of an increased likelihood of

patient response to IST.

4. The method according to claim 1, wherein the dysregulation analyzed is the
level of proliferating of CD4" and/or CD8" T cells in a biological sample from the patient,
and wherein an increased or higher level of proliferation of CD4" and/or CD8" T cells is

predictive of an increased likelihood of patient response to IST.

5. The method according to claim 4, wherein proliferation is measured by
detecting expression of a cellular or nuclear proliferation-associated antigen on a CD4"
and/or CD8" T cell.

6. The method according to claim 4, wherein proliferation is measured by
detecting the marker Ki-67, wherein an increased percentage of Ki-67° CD4" and/or Ki-
67" CD8" T cells is predictive of an increased likelihood of patient response to IST.
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7. The method according to claim 6, wherein the Ki-67 marker is detected using

an antibody, an antibody fragment, or aptamer specific to the Ki-67 marker.

8. The method éccording to claim 7, wherein antibody or aptamer binding to the

Ki-67 marker of a T cell is detected using flow cytometry.

9. The method according to claim 1, whérein the dysregulation analyzed is the
level of CD4" and/or CD8" effector memory T cells and/or terminal effector memory T
cells in a biological sample from the patient, and wherein an increased percentage of
CD4" and/or CD8" effector memory T cells and/or terminal effector memory T cells is

predictive of an increased likelihood of patient response to IST.

10. The method according to claim 1, wherein the dysregulation analyzed is the
level of CD4" effector memory T cells and wherein an increase percentage of CD4"
effector memory T cells is predictive of an increased likelihood of patient response to

IST.

11. The method according to claim 9 or 10, wherein the level of CD4" and/or
CD8" effector memory T cells and/or terminal effector memory T cells is measured by
detecting expression of an antigen associated with an effector memory T cell and/or an

antigen associated with a terminal effector memory T cell.

12. The method according to claim 9 or 10, wherein the level of CD4" effector
memory T cells is measured by detecting the marker CD62L, wherein an increased
percentage of CD62L" CD4" T cells and/or CD62L" CD8" T cells is predictive of an

increased likelihood of patient response to IST.

13. The method according to claim 9 or 10, wherein the level of CD4" effector
memory T cells is measured by detecting the marker CD62L and CD45RA, wherein an
increased percentage of CD62L/CD45RA™ CD4" T cells is predictive of an increased
likelihood of patient response to IST.
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14. The method according to claim 12 or 13, wherein the CD62L marker is
detected using an antibody, an antibody fragment, or aptamer specific to the CD62L

marker.

15. The method according to claim 13, wherein the CD45RA marker is detected
using an antibody, an antibody fragment, or aptamer specific to the CD45R A marker.

16. The method according to claim 14 or 15, wherein antibody or aptamer

binding to the CD62L marker or the CD45RA marker of a T cell is detected using flow
cytometry.

17. The method according to claim 1, wherein the dysregulation analyzed is the
level of CD4" and/or CD8" naive T cells and/or central memory T cells, and wherein a
decreased percentage of CD4" and/or CD8" naive T cells and/or central memory T cells is

predictive of an increased likelihood of patient response to IST.

18. The method according to claim 1, wherein the dysregulation analyzed is the
level of CD4" and/or CD8" central memory T cells, and wherein a decreased percentage
of CD4" and/or CD8" central memory T cells is predictive of an increased likelihood of

patient response to IST.

19. The method according to claim 17 or 18, wherein the level of CD4" and/or
CD8" naive T cells and/or central memory T cells is measured by detecting expression of
an antigen associated with a naive T cell and/or an antigen associated with a central

memory T cell.

20. The method according to claim 17 or 18, wherein the level of CD4" central
memory T cells and/or CD8" central memory T cells is measured by detecting the marker
CD62L, wherein a decreased percentage of CD62L" CD4" T cells and/or CD62L" CD8"*
T cells is predictive of an increased likelihood of patient response to IST.
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21. The method according to claim 17 or 18, wherein the level of CD4" central
memory T cells and/or CD8" central memory T cells is measured by detecting the marker
CD62L and CD45RA, wherein a decreased percentage of CD62L/CD45RA” CD4" T
cells and/or CD62L/CD45RA™ CD8" T cells is predictive of an increased likeliho'od‘ of

patient response to IST.

22. The method according to claim 20 or 21, wherein the CD62L marker is
detected using an antibody, an antibody fragment, or aptamer specific to the CD62L

marker.

23. The method according to claim 21, wherein the CD45RA marker is detected
using an antibody, an antibody fragment, or aptamer specific to the CD45RA marker.

24. The method according to claim 22 or 23, wherein antibody or aptamer

binding to the CD62L marker or the CD45RA marker of a T cell is detected using flow
cytometry. '

25. The method according to any preceding claim, wherein the biological sample

is a blood sample.

26. The method according to any preceding claim, wherein the analyzing is

conducted using polymerase chain reaction (PCR) methods.

27. The method according to any preceding claim, wherein nucleic acid, such as

RNA, encoding or associated with a marker is detected using PCR methods.

28. A method for treating a patient having an autoimmune disorder, the method
comprising determining if the patient is likely to respond to IST, wherein said
determination is made using a method of any of claims 1-27; and if the patient is
determined to be likely to respond to IST, administering an effective treatment regimen to
the patient.
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29. The method of claim 28, wherein the IST is anti-thymocyte globulin (ATG)
therapy.

30. The method of claim 28, wherein the IST is cyclosporine A (CyA) therapy.

31. The method of claim 28, wherein the IST i1s ATG or CyA therapy or both
ATG and CyA therapy.

32. The method according to any preceding claim, wherein the autoimmune

disorder is myelodysplastic syndrome.(MDS).

33. The method according to any preceding claim, wherein -the level of
dysregulation of the patient’s CD4" and/or CD8" T cells is compared to a control sample
or value and correlating the patient’s level of dysregulation to a likelihood of responding

to IST.

34. A kit comprising in one or more containers:

i) a reagent for assessing the presence of and/or quantifying the amount of CD4"
T cells in a sample; and/or

i) areagent for assessing the presence of and/or quantifying the amount of C/D8+
T cells in a sample; and/or

iii) a reagent for assessing the presence of and/or quantifying the amount of
naive, central memory, effector memory, and/or terminal effector memory T cells in a
sample; and/or

iv) a reagent for assessing the proliferation of CD4" and/or CD8" T cells in a
sample; and/or

v) a reagent for assessing the presence of and/or quantifying the amount of CD3"
cells in a sample; and/or

vi) a reagent for assessing the presence of and/or quantifying the amount of

CD25" cells in a sample.
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35. The kit according to claim 34, wherein the kit optionally comprises positive

or negative control or standards.

36. The kit according to claim 34, wherein a reagent of the kit comprises one or

more antibody, antibody fragment, or aptamer specific to CD4" or CDS8" T cells.

37. The kit according to claim 34, wherein a reagent of the kit comprises one or
more antibody, antibody fragment, or aptamer specific to an L-selectin antigen

determinant.

38. The kit according to claim 34, wherein the antibody or aptamer binds to

CD62L.

39. The kit according to claim 34, wherein a reagent of the kit comprises one or
more antibody, antibody fragment, or aptamer specific to a tyrosine phosphatase antigen

determinant.

40. The kit according to claim 39, wherein the antibody or aptamer binds to

CD45RA, CD45RB, or CD45RO.

41. The kit according to claim 34, wherein a reagent of the kit comprises one or
more antibody, antibody fragment, or aptamer specific to a nuclear proliferation

associated antigen determinant.

42. The kit according to claim 41, wherein the antibody or aptamer binds to Ki-
67.

43. The kit according to claim 34, wherein a reagent of the kit comprises one or

more antibody, antibody fragment, or aptamer specific to CD3" cells.

44. The kit according to claim 34, wherein a reagent of the kit comprises one or

more antibody, antibody fragment, or aptamer specific to CD25" cells.
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45. The kit according to any of claims 34-44, wherein a reagent of the kit can
optionally be labeled with a detectable label.

46. The kit according to claim 34-44, wherein the kit optionally comprises a
detectable label that can be conjugated or bound to a reagent of the kit.
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