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Provided is a method and a kit for testing the immune status
of patients with chronic inflammatory diseases by measuring
the TCR zeta chain (CD247) expression levels, and in par-
ticular a method and a kit for testing the selective downregu-
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NKT cells of such patients. Zeta chain expression is measured
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Thus, a kit for diagnosis, prognosis, and monitoring the
§ 371 (c)(1), immune status, of patients with chronic inflammatory dis-
(2), (4) Date: Jan. 31, 2011 eases is presented herein.
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CD247 (MFI) CD3 (MFI)
Healthy donor 1 35.00 162.80
Healthy donor 2 35.20 150.09
Healthy donor 3 36 160
Diabetic patient 1 19.60 160.84
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Diabetic patient 3 17.00 145.99
Diabetic patient 4 22.5 155.0
Diabetic patient 5 32.8 170.0
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KIT FOR DIAGNOSIS, PROGNOSIS, AND
MONITORING THE IMMUNE STATUS, OF
PATIENTS WITH CHRONIC
INFLAMMATORY DISEASES

FIELD OF THE INVENTION

[0001] The present invention concerns kits and methods for
assessing immunosuppression in patients with chronic
inflammatory diseases.

BACKGROUND OF THE INVENTION

[0002] The T cell receptor (TCR) complex consists of the
clonotypic TCRa and f chains and the invariant CD3 v, d, e
and € chains, which are assembled in the endoplasmic reticu-
lum and transported to the cell surface.

[0003] In various chronic pathologies such as cancer,
autoimmune disorders and infectious diseases, partial or
severe T lymphocyte and Natural Killer (NK) cell dysfunc-
tions associated with a bystander down regulation of the €
chain (CD247) was reported (reviewed in [1]). € chain is
expressed in both T lymphocytes and NK cells as part of the
T cell antigen receptor (TCR) and NK cytotoxic receptors
(NCRs), respectively. In both cell types, the € chain has a key
role in receptor assembly, expression and signaling function.
The in vivo immunological mechanism underlying this phe-
nomenon, which is observed as noted above in various dis-
eases that largely differ in their etiology and physiology, was
recently explored. It was shown that chronic inflammation is
responsible for the induction of the bystander T and NK cell
dysfunctions associated with ¢ chain down regulation (2, 3
and 4). These studies revealed that low levels of C chain
expression directly correlate with a chronic inflammation-
dependent immunosuppressive environment.  chain down-
regulation is not detected during acute inflammation. More-
over, elimination of the stimulus inducing the chronic
inflammatory response leads to the recovery of T expression
to normal levels.

[0004] Thus, ¢ down regulation is a reversible event that
depends upon the duration and severity of the inflammatory
response. Our cumulative data led us to suggest that € chain
down regulation could serve as a biomarker distinguishing
between acute and chronic inflammation in patients suffering
from diseases characterized by chronic inflammation and
detects the ensuing immunosuppression. Moreover, due to its
characteristics chain could serve as a biomarker for detecting
the patient’s immune status; an immunosuppressive immune
system and its recovery, upon a given treatment that will
induce neutralization of the immunosuppressive environment
and thus, recovery of the immune function.

[0005] WO05025310 describes the use of T chain expres-
sion level as a marker for an immunosuppressive environ-
ment, wherein down regulation of TCR € chain expression
indicates the presence of an immunosuppressive environ-
ment. This application mentions the immunosuppressive
environment as being indicative of one of the following con-
ditions: chronic inflammation, cancer, infections and autoim-
mune disorders. This application also mentions the use of £
chain expression as a prognostic marker for the emergence of
an immunosuppressive environment (as a predictive biomar-
ker) for predicting the immune status in any of the above-
mentioned conditions.

[0006] Various studies reported the detection of zeta chain
expression in autoimmune disease patients or in cancer
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patients (6, 7) using eitherisolated T-cells or PBLs isolated on
Ficoll gradient. In such samples T cells are isolated from the
original immunosuppressive cells in the environment that
could lead to zeta chain recovery and gain of immune func-
tion. Eleftheriadis et al (5) showed that zeta chain expression
is downregulated in hemodialysis patients (HD) as compared
to healthy subjects. In this study although both diabetic and
non-diabetic HD patients were studied, the study emphasized
the effects of HD on zeta chain expression and did not suggest
involvement of zeta chain downregulation in non-HD dia-
betic patients.

[0007] The metabolic system and the immune system are
among the most fundamental systems required for survival.
Many metabolic and immune response pathways or nutrient-
and pathogen-sensing systems have been evolutionarily con-
served throughout species. As a result, immune response and
metabolic regulation are highly integrated and the proper
function of each is dependent on the other. This interface can
be viewed as a central homeostatic mechanism, dysfunction
of which can lead to a cluster of chronic metabolic disorders
characterized by chronic inflammation, particularly obesity,
diabetes and cardiovascular disease (8). Collectively, the
risks and complications of these diseases constitute the great-
est current threat to global human health and welfare.

[0008] Diabetes mellitus comprises a group of diseases that
manifest hyperglycemia associated with end organ complica-
tions (9). Up to date, no linkage between chronic inflamma-
tion-induced immunosuppression and complication appear-
ance in diabetes was made.

[0009] Oneofthe major medical problems today of patients
suffering from diabetes is the inability to predict complica-
tions prior to their diagnosis and there is a lack in parameters
measuring competency of a given therapy. Currently, inflam-
mation measurements rely mainly on CRP levels, blood sedi-
mentation rates and levels of pro-inflammatory cytokines.
However, since these compounds are elevated under both
acute and chronic inflammation, neither of them can uniquely
point at a chronic inflammatory state and therefore, most
complications of diabetes patients are diagnosed only upon
their occurrence (10, 11).

SUMMARY OF THE INVENTION

[0010] By a first of its aspects, the present invention pro-
vides a kit for determining selective downregulation of chain
(CD247) expressionin a blood sample characterized in that it
comprises:

[0011] (a) an antibody directed against an intra-cellular
domain of the chain;

[0012] (b) at least one antibody directed against a CD3
subunit; and optionally

[0013]

[0014] In one embodiment, the kit is further characterized
in that it comprises at least one additional antibody directed
against a specific NK cell marker. In one embodiment of the
invention the specific NK cell marker is CD56.

[0015] In one embodiment, the antibody directed against
the intra-cellular domain of the chain is a monoclonal anti-
body (mAb). In one specific embodiment, said mAb is anti-
CD247.

[0016] In one embodiment, the antibodies in the kit of the
invention are labeled.

(c) instructions for use.
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[0017] Inonespecific embodiment said antibodies are con-
jugated to a fluorescent label. Specifically, said antibody
directed against the € chain is a fluorescently labeled anti-
CD247 mAb.

[0018] Thekitof the invention may further be characterized
in that it comprises a labeled secondary antibody or a labeled
reagent.

[0019] Thekitof the invention may further be characterized
in that it comprises a fixating agent and/or a permeabilization
agent. In one embodiment, the fixating agent is selected from
the group consisting of formaldehyde, glutaraldehyde, and
paraformaldehyde.

[0020] In another embodiment the permeabilization agent
1s saponin or TritonX-100.

[0021] Thekit of the invention may further be characterized
in that it comprises fluorescent beads.

[0022] In another aspect, the present invention provides a
method for determining selective downregulation of € chain
expression in a blood sample, the method comprising:
[0023]

[0024] (b) Contacting the blood sample with a fixating
agent thereby fixing the cells in the blood sample;

[0025] (c) permeabilizing said fixed cells;

[0026] (d) contacting the cells with antibodies directed
against an intra-cellular domain of the € chain under condi-
tions enabling antibody binding;

[0027] (e) contacting the cells with antibodies directed
against at least one of the CD3 subunits, under conditions
enabling antibody binding; and

(a) Obtaining a whole blood sample;

[0028] (f) determining the level of antibody-protein com-
plexes;
[0029] wherein a low level of € chain expression in the

sample and a constant expression level of the at least one of
the CD3 subunits is indicative of a selective downregulation
of € chain expression.

[0030] In one embodiment, the method of the invention
further comprises contacting said cells with at least one addi-
tional antibody directed against a specific NK cell marker. In
one embodiment, said specific NK cell marker is CD36.

[0031] Steps (d)and (e) of the method of the invention may
be reversed in order or performed simultaneously. In addition,
in accordance with the invention, the step of contacting the
cells with antibodies directed against at least one of the CD3
subunits and/or the at least one antibody directed against a
specific NK cell marker is performed prior to fixing and/or
prior to permeabilizing the cells.

[0032] In accordance with the invention the blood sample
may be a fresh blood sample or a frozen blood sample.
[0033] In one embodiment, the fixating agent is selected
from the group consisting of formaldehyde, glutaraldehyde,
and paraformaldehyde.

[0034] Inanother embodiment, the permeabilization is per-
formed using saponin or TritonX-100.

[0035] In one embodiment, the antibody directed against
the intra-cellular domain of the  chain is 2 monoclonal anti-
body (mAb). In a specific embodiment, the mAb is anti-
CD247. In another embodiment, the monoclonal antibody is
fluorochrome-labeled.

[0036] In accordance with one embodiment of the inven-
tion the level of antibody-protein complex formation is
detected using flow cytometry.
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[0037] The method of the invention may be used in diag-
nosis, prognosis, evaluating the immune status or monitoring
the effects of therapy in diseases characterized by chronic
inflammation.

[0038] The method of the invention may also be used in
diagnosis, prognosis, assessment of likelihood to develop
disease-related complications or monitoring the effects of
therapy in diabetic patients.

[0039] In another aspect, the present invention provides a
method for detecting an immunosuppression status in a
patient suffering from diabetes, the method comprising:
[0040] (a) determining the expression levels of € chain in
cells in a blood sample obtained from said patient;

[0041] (b) determining the expression levels of at least one
of the CD3 subunits in said cells; and

[0042] (b) comparing the level of expression to a standard
expression level;

[0043] wherein a low level of T chain expression in the
sample and a constant expression level of the at least one of
the CD3 subunits is indicative of an immunosuppression sta-
tus in the tested diabetic patient.

[0044] In another aspect, the present invention provides a
method for predicting diabetes related complications in a
patient, the method comprising:

[0045] (a) determining the expression levels of € chain in
cells in a blood sample obtained from said patient;

[0046] (b) determining the expression levels of at least one
of the CD3 subunits in said cells; and

[0047] (c) comparing the level of expression to a standard
expression level,

[0048] wherein a low level of T chain expression in the
sample and a constant expression level of the at least one of
the CD3 subunits likelihood to develop diabetes-related com-
plications.

[0049] In another aspect, the present invention provides a
method for evaluating the efficacy of an anti-diabetes therapy
the method comprising:

[0050] (a) Determining the expression levels of C chain in
cells in blood samples obtained from said patient, wherein at
least one of said blood samples is obtained before initiation of
therapy and at least a second of said blood samples is obtained
during therapy and/or after completion of therapy;

[0051] (b) Comparing the expression levels of € chain in
cells in said blood samples; and

[0052] (c) Determining the expression levels of at least one
of the CD3 subunits in said cells;

[0053] wherein an elevation in  expression level in the
sample obtained during therapy and/or after completion of
therapy as compared to the expression level in the sample
obtained before therapy initiation, and a constant expression
level of the at least one of the CD3 is indicative of successful
therapy.

[0054] Inoneembodiment, the above methods of the inven-
tion further comprise determining the expression level of at
least one specific NK cell marker. In one specific embodi-
ment, said at least one specific NK cell marker is CD56.

BRIEF DESCRIPTION OF THE DRAWINGS

[0055] 1In order to understand the invention and to see how
it may be carried out in practice, embodiments will now be
described, by way of non-limiting example only, with refer-
ence to the accompanying drawings, in which:

[0056] FIG.1is a graphic representation of specific T-chain
down-regulation in Type 2 diabetes patients. Whole blood
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from healthy and diabetic donors was stained for total
C-chain, CD3, and CD56 expression levels. (A) First, the
lymphocyte population was gated (R1; left panel) based on
physical properties such as size and granularity of the cells.
Then the gating was performed on three lymphocyte subsets;
NK, NKT and T cells as represented by R2, R3 and R4,
respectively. (B) C-chain expression was measured by FACS
as the mean fluorescent intensity (MFI) within each subpopu-
lation. (C1-3) Each point in the graph represents the mean
fluorescent intensity (MFI) of the E-chain of the individual 20
type Il diabetes patients or the 6 healthy donors analyzed in
(B), barrepresent the mean value. (D) CD3e expression levels
were measured by FACS as MFI within T and NKT cells
derived from diabetes patients relative to healthy donors. (E)
CD36 expression levels were measured by FACS as MFI
within NKT and T cells derived from diabetes patients rela-
tive to healthy donors.

[0057] FIG.2isagraphic representation of C-chain expres-
sionin Type 2 diabetes patients with normal or abnormal CRP
levels. Whole blood from healthy donors and diabetic patients
was stained for total {-chain, CD3, and CD56 expression
levels and correlated with CRP levels. (A) C-chain expression
was measured by FACS as the mean fluorescent intensity
(MFT) within each of the cell subsets (T, NKT and NK cells).
The results are presented as the mean value of C-chain expres-
sion of control and diabetic patients with normal [CRP<1]
and abnormal [CRP>1] CRP levels and standard deviations
are shown. P value is indicated. (B1-3) Distribution of ¢ -chain
expression in individual patients according the CRP levels.
Each point represents the mean fluorescent intensity (MFI) of
C-chain in individual donors as in (A) and grouped according
to Type 2 diabetes patients with low CRP (n=6), high CRP
(n=7) or healthy donors (n=6), the bar representing the mean.
Four patients with normal CRP levels that are characterized
by reduced C-chain expression are indicated (circled). Two
patients with high CRP levels and show high C-chain expres-
sion levels are indicated (square box). (C) Correlation
between CRP to € chain expression levels (dotted line indi-
cate barrier of normal CRP levels).

[0058] FIG. 3 is a graphic representation showing C chain
expression as a biomarker in Type 1 diabetes patients. (A)
Total C-chain and CD3e expression levels of gated T cells
from healthy donor and Type 1 diabetes patient; Patient 1—a
21 year old female with recent onset type 1 diabetes and no
diabetes related complications. (B) Total C-chain and CD3e
expression levels of gated T cells from healthy donor and type
1 diabetes patient; Patient 2—a 65 year old male with pro-
longed Type 1 diabetes and related nephropathy, retinopathy,
neuropathy, cardiovascular disease and foot ulcers. (C)
Whole fresh blood samples from healthy donors (controls)
and patients exhibiting Type 1 diabetes with (n=2) or without
(n=3) complications, which their onset is yet unknown to us
(double blind test) were analyzed for total L and CD3e expres-
sion levels by FACS.

[0059] FIG. 4 is a graphic representation showing T cell
dysfunction associated with abnormal c-chain expression in
Type 2 diabetes patients. (A) T cells derived from whole
blood of healthy donors and diabetic patients were analyzed
for total T chain (CD247) and CD3e expression levels by
FACS; Mean Fluorescent Intensity (MFI) results are pre-
sented. (B) FACS analysis for total IL-2 expression within the
gated CD4+ T cells. (C) Leukocyte from total blood of
healthy donors and diabetic patients were activated as in (B)
for 12 hours, and analyzed by FACS for surface expression of
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CD25 within gated CD4+ T cell population. (D1-4) Leuko-
cytes from healthy donors and diabetic patients were labeled
with CFSE and then activated as in (B) for 72 hr (red histo-
grams) or left untreated with medium (black histograms). The
proliferative response was assessed according to the percent-
age of the divided cells of gated CD4+ T cells.

DETAILED DESCRIPTION OF THE INVENTION

[0060] The present invention provides a sensitive and reli-
able method and kit for testing zeta chain expression, and in
particular for testing the selective downregulation of zeta
chain expression in T cells, NK cells, or NKT cells, in a
patient’s whole blood sample. T chain expression is measured
using antibodies directed against the intracellular € chain
region, which is accessible to antibodies in permeabilized
cells.

[0061] Thelevel of € chain expression, in combination with
additional measured parameters (such as other TCR compo-
nents and/or NK cell markers, e.g. CD56), serves as an indi-
cation of chronic inflammation-induced immunosuppres-
sion. Immunosuppression may be further verified using
specific T cell functional tests.

[0062] The method of the invention can be performed with
minute amounts of fresh or frozen blood samples. The use of
frozen blood samples enables testing of zeta chain expression
long periods of time (e.g. months) after the sample has been
obtained. The ability to use frozen blood samples enables
storage and accumulation of blood samples and allows to
carry out the detection assays simultaneously on blood
samples obtained from different patients and at different time
points, thus, facilitating calibration of the results.

[0063] Thus, by a first of its aspects, the present invention
concerns a method for determining selective downregulation
of € chain expression in a blood sample, the method compris-

ing:
[0064] (a) Obtaining a whole blood sample;
[0065] (b) Contacting the blood sample with a fixating

agent thereby fixing the cells in the blood sample;

[0066] (c) Permeabilizing said fixed cells;

[0067] (d) Contacting the cells with antibodies directed
against an intra-cellular domain of the T chain under condi-
tions enabling antibody binding;

[0068] (e) Contacting the cells with antibodies directed
against at least one of the CD3 subunits under conditions
enabling antibody binding; and

[0069] (f) determining the level of antibody-protein com-
plexes; wherein a low level of T chain expression in the
sample and a constant expression level of the at least one of
the CD3 subunits is indicative of a selective downregulation
of € chain expression.

[0070] In one embodiment, the method further comprises
contacting the cells with at least one additional antibody
directed against a specific NK cell marker.

[0071] CD16 and CDS56 are examples of typical NK cell
markers. In one specific embodiment, said NK cell marker is
CDS56.

[0072] The blood sample may be fresh or frozen.

[0073] Cell fixation can be performed using any agent
known to cause fixation of biological tissues. Examples of
common fixating agents (also termed fixing agents) can be
found for example in

http://www.sigmaaldrich.com/Area of Interest/Analytical_
Chromatography/Analytical _Reagents/Microscopy/Fixa-
tion_Agents.html
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[0074] In one embodiment, said fixating agent is selected
from the group consisting of formaldehyde, glutaraldehyde,
and paraformaldehyde.

[0075] Permeabilization can be achieved by any manner
that creates pores in the plasma membrane of the cells. Non-
limiting examples include use of saponin or TritonX-100. The
permeabilization enables the entry of antibodies into the fixed
cells. Upon entry, such antibodies can react with intracyto-
plasmic domains of the T chain.

[0076] In one embodiment said antibody is a monoclonal
antibody (mAb) directed against the intracellular domain of ¢
chain. In one specific embodiment said mAb is anti-CD247.
[0077] The binding of the antibody to the intracellular
domain of the € chain can be determined by various tech-
niques known in the art, for example by using a labeled anti €
chain antibody and measuring directly the amount of the
bound, labeled antibody. Alternatively, an unlabeled anti
chain antibody may be used followed by a secondary labeled
antibody (e.g. labeled anti mouse, anti rabbit or anti goat
antibodies to be selected based on the type of the primary anti
€ chain antibody used in the assay). The level of binding is
determined using methods well known in the art, for example
Western blotting, radio-immunoassays, Flisa, or flow cytom-
etry techniques.

[0078] In accordance with one embodiment of the inven-
tion the antibody is a fluorochrome-labeled monoclonal anti-
body (mAb) directed against the intracellular domain of €
chain (CD247). In one specific embodiment said labeled mAb
is anti-CD247.

[0079] In one embodiment, the binding is detected in a
semi-quantitative manner using a flow cytometry assay.
[0080] In accordance with the invention, the antibodies
against one of the CD3 subunit may be directed against an
intracellular or an extracellular domain of one of the CD3
subunits.

[0081] In certain embodiments wherein antibodies against
the extracellular domain of the CD3 subunit are used, said
anti-CD3 subunit antibodies may be added prior to step (a),
(the fixation of the sample), prior to step (b) (permeabilization
ofthe cells) or during step (c) together with the anti-zeta chain
antibodies.

[0082] In certain embodiments wherein antibodies against
the intracellular domain of the CD3 subunit are used, said
anti-CD3 subunit antibodies should be added during step (c)
together with the anti-zeta chain antibodies.

[0083] In another embodiment, the method further com-
prises contacting the cells with at least one antibody directed
against a specific NK marker. In one specific embodiment,
said specific NK marker is CD56.

[0084] In certain embodiments said at least one antibody
directed against the specific NK marker is added prior to step
(), (the fixation of the sample), prior to step (b) (permeabi-
lization of the cells) or during step (c) together with the
anti-zeta chain antibodies.

[0085] Monoclonal antibodies directed against CD247,
CD3 subunits or NK cell markers are commercially available.
[0086] In another aspect, the present invention provides a
kit for determining selective downregulation of T chain
expression in a blood sample comprising:

[0087] (a) an antibody directed against an intra-cellular
domain of the € chain; and

[0088] (b) at least one antibody directed against a CD3
subunit; and optionally

[0089] (c) instructions for use.
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[0090] Inoneembodiment, thekit further comprises at least
one additional antibody directed against a specific NK cell
marker.

[0091] In one specific embodiment, said specific NK
marker is CD56.

[0092] In one embodiment said antibody directed against
the intra-cellular domain of the chain is a monoclonal anti-
body (mAb). In one specific embodiment said mAb is anti-
CD247.

[0093] In one embodiment, the antibodies included in the
kit (e.g. anti-CD247, anti-CD3 subunit and anti-CD56) are
labeled antibodies.

[0094] In accordance with one embodiment of the inven-
tion the antibodies are labeled with a specific fluorochrome.
In one specific embodiment, one of the antibodies is biotiny-
lated and detected with a secondary fluorochrome-labled
reagent.

[0095] The following are non limiting examples of labeling
combinations for the antibodies:

[0096] anti-CD247-PE+anti-CD3-FITC+anti-CD56-Cy5/
APC; or
[0097]
APC; or
[0098] anti-CD247-biot+anti-CD3-FITC+anti-CD56-
Cy5/APC; 1in this latter case if biotinylated antibodies are
used, a secondary labeled reagent must be added, for example
streptavidine-PE.

[0099] In another embodiment, the kit of the invention fur-
ther comprises a labeled secondary antibody or a labeled
reagent.

[0100] In oneembodiment said kit further comprises a fix-
ating agent and/or a permeabilization agent.

[0101] Inoneembodiment, said fixating agent is formalde-
hyde or paraformaldehyde.

[0102] In one embodiment, said permeabilization agent is
saponin or TritonX-100.

[0103] Inoneembodiment, said kit further comprises fluo-
rescent beads for calibrating the FACS before analysis of the
cell staining and as a marker for a positive and negative
fluorochrome staining.

[0104] The combined use of antibodies directed against
CD3 subunits and an NK cell marker (e.g. CD56) allows to
distinguish between different lymphocyte subpopulations in
the blood sample, such as CD3*CD356™ (T cells), CD3*
CDS56" natural killer T cells (NKT cells) and CD56*CD3~
(NK cells), thereby providing important information regard-
ing the zeta chain expression levels in each of these subpopu-
lations.

[0105] Themethod and kit of the invention may be used for
diagnosis, prognosis, or monitoring the effects of therapy ina
variety of diseases characterized by chronic inflammation
and thereby serve as a general tool for the detection of an
immunosuppressed status.

[0106] The present invention is based in part on the finding
that patients suffering from a metabolic disease e.g. diabetes
undergo changes in their immune status resulting in immu-
nosuppression. Immunosuppression may be responsible for
the onset of various diabetes-associated complications, and at
least in part, for the deterioration in the patients’ health con-
dition. In accordance with the invention, T chain was used as
abiomarker for the evaluation of the immune status of Type I
and Type Il diabetes patients exhibiting different stages of the
disease.

anti-CD247-FITC+anti-CD3-PE+anti-CD56-Cy5/
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[0107] Diabetes mellitus comprises a group of diseases that
manifest hyperglycemia associated with end organ complica-
tions (9). The most common forms of diabetes mellitus are
Type 1 and Type 2 diabetes. Type 1 diabetes is an autoimmune
disease with immune mediated destruction ofthe insulin pro-
ducing B cells (leading to complete insulin deficiency).
Though originating in an autoimmune process, once a large
portion of f§ cells have been destroyed (at the initial stages of
the disease), the disease phenotype changes to a metabolic
one, with chronically elevated levels of blood glucose and the
resultant complications (12). Type 2 diabetes is an outcome of
two parallel pathologic processes: end organ insulin resis-
tance (especially in fat, muscle and liver tissue) and 3 cell
dysfunction or death, leading to elevated blood glucose levels
(13, 14). This disease was once called an adult-onset diabetes.
However, in the Western countries, due to the epidemic of
obesity and inactivity in children, Type 2 diabetes occurs at
younger ages.

[0108] Both diabetes Type I and diabetes Type Il can result
in acute complications (ketoacidosis that results from insulin
deficiency or hyperosmolar state as a result of elevated blood
glucose levels) or in chronic complications associated with
increased inflammation that affect many organ systems and
are the major cause of morbidity and mortality in these dis-
eases (4, 14). These late complications result in vascular
injury that may take place in small arteries leading to diabetes
associated retinopathy, nephropathy or in large arteries result-
ing in cardiovascular and cerebrovascular disease. Such vas-
cular complications are thought to be at least partially a result
of enhanced atherosclerosis and plaque formation in the ves-
sel wall, a process undoubtedly associated with increased
inflammation (14). Diabetes mellitus is also associated with
immunosuppression manifested by prolonged wound healing
and a greater frequency and severity of common and rare
infections (15). Indeed patients suffering from diabetes have
elevated markers of systemic inflammation, such as C-reac-
tive protein (CRP), pro-inflammatory cytokines e.g. IL-6 and
IL-1p, Plasminogen activator inhibitor 1 (PAI-1) and fibrino-
gen (9, 16-18).

[0109] However, these criteria can not distinguish between
acute and chronic inflammation and thus, are limited as a tool
for detecting immunosuppression which results from chronic
inflammation.

[0110] Presently, the diagnosis of diabetic complications
can only be made after tissue damage is already apparent.
Therefore, a sensitive biomarker that can predict the occur-
rence of disease-associated complications before they are
evident is highly needed.

[0111] The method and kit of the invention can be used to
evaluate the immune status (chronic inflammation-dependent
immunosuppression) of the diabetic patient, and thus it can be
used for predicting the onset of disease complications and
also for monitoring the effects of therapy.

[0112] The method and kit of the present invention enable
the physician to detect the presence of an immunosupressed
environment in patients suffering from metabolic diseases,
evaluate the severity of the patient’s immune status (immu-
nosupression), chose the appropriate therapeutic regimen and
monitor the success of the treatment by determining at least
one parameter indicative of an abnormal T-cell function pref-
erably by determining zeta expression levels.

[0113] In such cases, where an immunosuppressed envi-
ronment is observed the initiation of a therapy to neutralize
the inflammation and the immunosuppression should be con-
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sidered by the physician, even before the onset of diabetes-
associated complications. Moreover, based on the character-
istics of the T chain, it could be used as a biomarker for
evaluating the competence of a given therapy that should
neutralize the inflammation and the associated immune sup-
pression and thus, enable an intelligent selection of the timing
and therapy to be used. Moreover, the test for C expression
requires a minute blood sample and is based on a simple and
reliable FACS-based analysis. Thus, testing such a biomarker
in aroutine check up basis of diabetes patients should be easy
to perform and informative.

[0114] CRP is presently used as a marker for evaluating
systemic inflammation. As proposed herein, the down-regu-
lation of € chain expression may serve as a better marker for
assessing chronic inflammation-induced immunosuppres-
sion in diabetic patients. The inventors discovered that there is
no correlation between chain L expression and CRP levels; in
some patients with high levels of CRP, T expression levels
were normal while in other patients with normal CRP €
expression levels were low. Moreover, since elevated CRP
levels could not distinguish between acute and chronic
inflammation and due to the critical role of the zeta chain in
the immune function of T cells as well as of NKT and NK
cells, the clinical value of measuring zeta expression levels is
of great significance.

[0115] Accordingly, the present invention concerns by one
of its aspects a method for detecting an immunosuppression
status in a patient suffering from a metabolic disease, the
method comprising

determining at least one parameter indicative of T-cell abnor-
mal function in a blood sample obtained from said subject;
wherein a change in the parameter in a direction that is linked
to abnormal T-cell activity is indicative of an immunosup-
pression status of the metabolic disease patient.

[0116] By another aspect, the present invention concerns a
method for predicting metabolic-disease related complica-
tions in a patient the method comprising determining at least
one parameter indicative of T-cell abnormal function in a
blood sample obtained from said subject; wherein a change in
the parameter in a direction that is linked to abnormal T-cell
activity is predictive of an increased likelihood to develop
metabolic disease-related complications.

[0117] Upon determination of likelihood to develop meta-
bolic disease-related complications, a patient can benefit
from an appropriate therapy.

[0118] By yetanother aspect the present invention provides
amethod for monitoring the efficacy of therapy in preventing
or reducing metabolic disease-associated complications in a
patient, the method comprising determining at least one
parameter indicative of T-cell abnormal function in a blood
sample obtained from said subject; wherein a decrease in
abnormal T-cell activity is indicative of a successful therapy.
[0119] Therapy may include, but is not limited to, pharma-
ceutical intervention including administration of drugs
affecting the chronic inflammatory state, such as drugs that
decrease LDL levels or anti-inflammatory drugs such as
statins or aspirin, life style interventions such as diet or exer-
cise, surgery (e.g. gastric bypass) or cell-based interventions
(e.g. cell grafting or stem cell administration).

[0120] Various parameters may be measured as an indica-
tion of an abnormal T-cell activity, including, but not limited
to:

[0121] 1) € expression levels—wherein a decrease in the
level of € chain expression indicates immunosupression;
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[0122] 2) Proliferation of T cells upon activation via the
TCR wherein decreased proliferation indicates immunosu-
pression;

[0123] 3) Expression level of various T-cell activation
markers, such as CD25, and CD69 wherein decrease in the
expression level indicates immunosupression;

[0124] 4) Level of cytokine production by T-cells upon
T-cell activation, e.g. production of IL2, IFNy, TNFa or IL6,
wherein decreased cytokine production levels indicates
immunosupression.

[0125] In one embodiment, said metabolic disease is dia-
betes. In one specific embodiment, the present invention con-
cerns a method for detecting an immunosuppression status in
a patient suffering from diabetes, the method comprising:
[0126] (a) determining the expression levels of € chain in
cells in a blood sample obtained from said patient;

[0127] (b) determining the expression levels of at least one
of the CD3 subunits in said cells; and

[0128] (c) comparing the level of expression to a standard
expression level; wherein a low level of € chain expression in
the sample and a constant expression level of the at least one
of the CD3 subunits is indicative of an immunosuppression
status in the tested diabetic patient.

[0129] In one embodiment, the method further comprises
contacting the cells with at least one additional antibody
directed against a specific NK cell marker.

[0130] In one specific embodiment, said specific NK
marker is CD56.

[0131] In another specific embodiment, the present inven-
tion concerns a method for predicting diabetes related com-
plications in a patient, the method comprising:

[0132] (a) Determining the expression levels of chain in
cells in a blood sample obtained from said patient;

[0133] (b) determining the expression levels of at least one
of the CD3 subunits in said cells; and

[0134] (c) Comparing the level of expression to a standard
expression level;

wherein a low C expression level in the sample as compared to
the standard expression level while the level of expression of
the at least one of the CD3 subunits remains unchanged is
predictive of an increased likelihood to develop diabetes-
related complications.

[0135] In one embodiment, the method further comprises
contacting the cells with at least one additional antibody
directed against a specific NK cell marker.

[0136] In one specific embodiment, said specific NK
marker is CD56.

[0137] In accordance with one embodiment of the inven-
tion the standard expression level is represented by the
expression level of C chain, CD3 subunit or CD56 in healthy
human subjects. For example, the expression level is mea-
sured in a plurality of normal (healthy) tested human subjects
and the ratio between T expression levels in T cells (repre-
senting maximum expression) versus the background stain-
ing in non-T cells of the same sample is evaluated, and deter-
mined as the standard.

[0138] In another embodiment the T chain, CD3 subunit or
CD56 expression levels are compared to a standard expres-
sion level represented by fluorescent beads having a fluores-
cence level that equals the standard expression level of each
of € chain, CD3 subunit and CD36 in a healthy subject.
[0139] In another specific embodiment, the present inven-
tion concerns a method for evaluating the efficacy of an anti-
diabetes therapy the method comprising:
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[0140] (a) Determining the expression levels of € chain in
cells in blood samples obtained from said patient, wherein at
least one of said blood samples is obtained before initiation of
therapy and at least a second of said blood samples is obtained
during therapy and/or after completion of therapy;

[0141] (b) Comparing the expression levels of T chain in
cells in said blood samples; and

[0142] (c) Determining the expression levels of at least one
of the CD3 subunits in said cells; wherein a significant eleva-
tion in expression level in the sample obtained during therapy
and/or after completion of therapy as compared to the expres-
sion level in the sample obtained before therapy initiation,
while the level of expression of the at least one of the CD3
subunits remains unchanged is indicative of a successful
therapy.

[0143] In one embodiment, the method further comprises
contacting the cells with at least one additional antibody
directed against a specific NK cell marker.

[0144] In one specific embodiment, said specific NK
marker is CD56.

[0145] In one specific embodiment, the diabetic patients
are not hemodialysis diabetic patients, namely diabetic
patients which do not undergo hemodialysis.

[0146] The term “intra-cellular domain of the ¢ chain”
refers to the cytoplasmic portion of the € subunit (CD247) of
the TCR.

[0147] The term “CD3 subunits” refers to gamma, delta,
and epsilon CD3 chains (also denoted CD3 v, 9, or €).
[0148] The term “CD56” refers to an NK cell marker.
CD356+ CD3™ cells represent NK cells and CD56+CD3 + cells
indicate NKT cells.

[0149] In the context of the present invention, the term
“metabolic diseases™ generally refers to diabetes, obesity and
cardiovascular diseases.

[0150] The term “diabetes™ refers to Type I or Type II
diabetes and to pregnancy related diabetes.

[0151] The term “whole blood” in accordance with the
invention refers to blood that has not been fractionated, and
from which no constituent such a red blood cells, white blood
cells, plasma or platelets has been removed. As used herein
the term “blood” refers to whole blood but may also refer to
cell-containing fraction of the blood and in particular to a
T-lymphocyte, NK and NKT containing fraction. Without
wishing to be bound by theory, use of whole blood to deter-
mine immunosuppression is advantageous over the use of
isolated lymphocytes, since isolation of the lymphocytes
from the inflammatory environment may lead to recovery of
the abnormal phenotype of the T cells (depending on the
severity of the abnormality) thereby leading to false analysis
of the patient’s condition.

[0152] The term “C expression level” refers to the level of
expression of the € chain mRNA or protein, preferably this
term refers to the protein level.

[0153] The term “selective downregulation of T chain
expression” refers to a reduction in  chain expression levels
while the expression of other CD3 subunits remains constant
or unchanged. Such selective downregulation is indicative of
immunosuppression in the tested subject which is associated
with chronic inflammation.

[0154] The term “the level of one of the CD3 subunits”
refers to the level of expression of the CD3 v, CD39, or CD3e
subunits and encompasses both mRNA and protein expres-
sion level, preferably the protein expression level.
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[0155] The protein expression level may be determined by
using anti- chain antibodies, anti-CD3y, CD38, or CDe anti-
bodies and anti-CD36 antibodies. The antibodies are prefer-
ably monoclonal. The detection of antibody binding is pet-
formed using FACS (as will be explained below) or by any
known immuno-detection technique.

[0156] By a preferred embodiment the detection of the
labeled antibody is by semi-quantitative flow cytometry assay
using fluorochrome-labeled monoclonal antibody (mAb)
directed against the ¢ chain and any of the CD3 chains.
[0157] By amore preferred embodiment the blood cells are
fixed and permeablized before the determination as will be
explained in more detail below.

[0158] In accordance with the invention the “cells” in
which the level of expression is tested are T-lymphocytes,
Natural Killer T—(NKT) cells and Natural Killer (NK) cells.
Typically the cells are characterized as CD3"CD567(T cells),
CD3*CD56™ natural killer T cells (NKT cells) and CD56*
CD37(NK cells). Most preferably the tested cells are T cells
(CD3"CD367).

[0159] The term “diabetes-associated complication” refers
both to acute complications of diabetes (such as hypoglyce-
mia, ketoacidosis or nonketotic hyperosmolar coma) or
chronic complications of the disease that include cardiovas-
cular disease, chronic renal failure, retinal damage, nerve
damage, numb foot), and microvascular damage, which may
cause impotence and poor healing of wounds that may result
in gangrene.

[0160] The unique kit and method of the present invention
can be used for any application where the level of the T chain
needs to be determined including for research purposes, for
the diabetes related purposes indicated above as well as for
the purposes stipulated in prior application WO05025310 for
the detection of an immunosuppressive environment, for
example during chronic inflammation, cancer, infections and
autoimmune disorders.

[0161] A unique feature of the method is that whole blood
is used instead of a lymphocyte-containing blood fraction
separated for example by Ficoll separation. Thus, use of
whole blood provides a more reliable evaluation of the func-
tional properties of T cells in the context of the entire blood
cells and factors without changing/separating the cells. Sepa-
rated T cells could change their phenotype; recover ¢ chain
expression and function due to their separation from the
inflammatory environment (immunosuppressive cells and
factors). Moreover, analyzing whole blood samples is easy to
perform and also labor and cost saving.

EXAMPLES

[0162] 1.Measurement of C-chain expression and cell sub-
set immunophenotyping

[0163] Blood samples obtained from Type II diabetes
patients were subjected to immunophenotyping to analyze
distribution of various immune cell subpopulations.  chain
expression levels were also tested in these blood samples. A
minute amount of a whole blood sample (fresh or frozen) is
used for the analysis and the read out system is based upon
FACS analysis. The experiment was performed as follows:
[0164] A semi-quantitative flow cytometry assay using
fluorochrome-labeled monoclonal antibody (mAb) directed
against the intracytoplasmatic region of the € chain (CD247)
was used for the analysis. A whole blood sample (as little as
50 ul) was fixed using formaldehyde and permeabilized using
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a saponin-based solution to allow access of the anti-{ mAb to
the intracytoplasmatic region of the T chain.

[0165] In addition, lymphocytes were stained using anti-
bodies directed against cell surface expressed proteins and/or
total proteins such as CD3 €, and CD56, which identify dif-
ferent cell subsets, namely T cells and NK cells, respectively.
The fixation and permeabilization are crucial steps, which
have been performed under optimized conditions. The assay
could be performed immediately or several days/months fol-
lowing the receipt of the blood samples, since the whole blood
samples (as little as 100 p)can be frozen while preserving
their protein expression levels, cell content, viability, and
distribution as in the fresh sample. The sample is frozen by
mixing one volume of whole blood with one volume of freez-
ing buffer (80% fetal calf serum (FCS), 20% DMSO).

[0166] Briefly, 50-100 microliters of whole blood were
fixed (2% paraformaldehyde in 1XPBS for 20 min at 4° C.),
washed with PBS and premeabilized (0.1% saponin, 1%
Human serum in 1XPBS for 10 minutes at room tempera-
ture). The cells were then stained with anti-, anti-CD3e and
anti-CD36 antibodies labeled with different fluorescent dyes
as follows: Antibodies were resuspended in permeabilization
buffer and mixed with the cells for 30 min at 4° C. Following
washes, the samples were resuspended in FACS buffer (1.5%
FCS, 0.05% azide in 1XPBS) and analyzed using FACS and
the expression of the tested proteins was evaluated according
to the obtained mean fluorescence. The antibodies used are
commercially available and are manufactured by various
companies, for example: Anti-CD3 APC/FITC (BD Pharm-
ingen), Anti-CD56 PE/APC (Dako) and Anti-CD3-¢ FITC/
PE (Santa Cruz Biotecnology).

2. Decreased chain expression in T, NKT and NK cells in
Type 11 diabetes patients

[0167] Quantitative measurement of  chain expression in
different lymphocyte subpopulations such as CD3*CD56(T
cells), CD3"CD56™ natural killer T cells (NKT cells) and
CD56"CD3™ (NK cells) was performed by measuring mean
fluorescence intensity (MFI). The analysis was performed
after setting the lymphocyte gate (FCS/SSC) and back-gating
on CD3*, CD56™ cells (FIG. 1A). Twenty Type II diabetes
patients and six healthy donors (controls) were screened. A
significantly decreased MFI for T expression was observed
within T, NKT and NK cells in the diabetes patients relative to
the healthy donors (FIG. 1 B, C). A statistical significant
C-chain down-regulation was observed within T, NK and
NKT cells derived from diabetes patients relative to healthy
donors. The results are presented as the mean value of C-chain
expression within diabetes patients (n=20) and healthy
donors (n=6) and standard deviations are shown. *, P<0.0002,
*#*P<0.007, *#*P<0.035 (student T test). As seen in FIG. 1C,
while in most of the patients’ T, NKT, and NK cells, € expres-
sion levels were significantly lower than those of the controls,
some of'the patients displayed normal levels of T expression
in T (3/20), NK (3/20) and NKT (4/20). When the expression
levels of other proteins such as CD3e and CD56 were com-
pared between samples of healthy donors and Type IT diabetes
patients, no significant difference was observed (FIG. 1D, E).
Thus, T expression appears to be a potential biomarker for
monitoring the immune status within diabetes Type 11
patients. As shown here,  expression is affected in all three
cell-types (T lymphocytes, NKT and NK cells).
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3. Prognostic importance of the C chain expression in Type 11
diabetes patients

[0168] Presently, inflammatory state in diabetes patients is
clinically characterized by measurements of CRP levels and
blood sedimentation rate, although CRP levels can not dis-
tinguish between acute and chronic inflammation.

[0169] Inorderto assess whether T down-regulation corre-
lates with high CRP levels (CRP>1) in Type II diabetes
patients, a correlation assessment was performed. In a retro-
spective study, Type 11 diabetes patients were categorized
based on their CRP expression levels. Next, C chain expres-
sion levels were compared between Type Il diabetes patients
exhibiting normal levels of CRP [CRP<1] and abnormal lev-
els of CRP [CRP>1]. The results indicate that in patients with
normal CRP level [CRP<1] significant (P<0.014) low levels
of ¢ chain were observed in T cells (while in NK and NKT
cells T expression levels were similar between the patients
and the normal controls) (FIG. 2A). However, when indi-
vidual patients were plotted (FIG. 2B). the majority of the
patients expressed reduced C chain levels relative to control
(FIG. 2B; circled). Thus, although levels of CRP were nor-
mal, £ chain was down regulated. When analyzing the
patients with abnormal CRP levels [CRP>1] it appears that
these patients exhibit a significant reduction in € chain
expressionin T and NKT (P<0.0002, P<0.0004, respectively)
(FIG. 2A). However, when individual patients in this group
were plotted there were patients that expressed higher levels
of ¢, as in the controls (FIG. 2B; rectangular). Moreover,
when CRP levels were compared to € chain expression levels,
a very low correlation index was calculated (pearson=0.49)
(FIG. 3C). Thus, while CRP serves as a biomarker for inflam-
mation it can not predict acute vs. chronic inflammation and
thus, it might not predict the immunosuppresion or chronic
inflammation status of an individual as T chain expression
level could.

[0170] Itisimportant to notethat low levels of T expression
were observed in patients with normal levels of CRP, which
based upon CRP measurements are supposed to present char-
acteristics of normal individuals. One of these patients is a
woman diagnosed with diabetes Type II that is not receiving
any anti-inflammatory treatment and arrived to the emer-
gency room due to vertigo. At this stage, based on the
observed T chain down regulation, the physician should con-
sider giving the patient anti-inflammatory medications to
avoid deterioration of the patient’s health conditions due to
the fact that low C expression levels indicate a state of immu-
nosuppression due to chronic inflammation. Moreover, mea-
surements of T expression levels during treatment could be
valuable for the evaluation of the efficacy and suitability of
the given treatment.

[0171] The rest of the patients with normal levels of CRP
and € down regulation, were Type II diabetes patients that
suffer from complications and are receiving various anti-
inflammatory medications. The fact that T expression in these
patients is down regulated may suggest that the medications
that these patients are receiving are not suitable and their
change should be considered due to the existing immunosup-
pression. Again, measurements of C expression could indicate
whether the medical stage of these patients is recovering due
to the treatment.

[0172] These results suggest that measurements of §
expression seem to provide an additional parameter that is
missed by measurements of CRP. The borderline patients in
which CRP levels were normal but € chain expression levels
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were down regulated reflect this conclusion. Again, while
CRP serves as a biomarker for inflammation it might not
predict the immunosuppresion or chronic inflammation sta-
tus of an individual as  chain expression level could.
4. Decreased C expression in Type I diabetes patients

[0173] Peripheral blood lymphocytes (PBLs) from healthy
donors and patients with Type 1 diabetes were analyzed for
total T and CD3e expression levels by flow cytometry
(FACS). The white blood cells were separated from the whole
blood using Ficoll-Hypaque. The samples were fixed, perma-
belized, stained with anti-C and anti-CD3e antibodies and
analyzed by FACS.

[0174] Two Type I diabetes patients were analyzed and a
significant decrease of MFI for € chain was observed while
CD3e chain expression levels remained the same (FIG. 3 A,
B).

[0175] To identify whether C chain expression level might
serve as a biomarker and distinguish between patients with or
without complications, usually occurring due to the develop-
ing chronic inflammation, { expression was analyzed in three
Type I patients without complications and two Type I patients
with complications. Whole fresh blood samples from healthy
donors (controls) and patients exhibiting Type 1 diabetes with
(n=2) or without (n=3) complications were used for the
experiment.

[0176] The results indicate that Type I diabetes patients
with complications show a significant reduced { expression
relative to Type I diabetes patients with no complications and
to control donors (FIG. 3 C). A statistical significant € chain
down-regulation was observed in the patients exhibiting Type
1 diabetes with complications relative to the healthy donors
(controls) and the patients exhibiting Type 1 diabetes with no
complications. *, P<0.02 (student T test). These results indi-
cate that C chain expression level could serve as a biomarker
and distinguish between diabetic patients with or without
complications which usually occur due to the developing
chronic inflammation.

5. Measurements of T cell functions in diabetic patients

[0177] Various additional parameters could indicate an
immunosuppression including impaired proliferation of
T-cells following activation via the TCR, reduced levels of
induced activation markers such as CD25 and cytokine pro-
duction such as IL2, IFNy, TNFa. and IL6, upon TCR medi-
ated T cell activation.

[0178] In order to determine the correlation between zeta
expression and T cell function in diabetic patients several
parameters were measured. First, whole blood samples from
healthy donors and diabetic patients were analyzed for total €
chain (using CD247) and CD3e expression levels (FIG. 4A).
Leukocytes from total blood of healthy donors and diabetic
patients were activated for 12 hr in the presence of monensin
with anti-CD3 and anti-CD28 antibodies or with phorbol
ester acetate (PMA) and Ca®*ionophore or left untreated.
Gated CD4 T cells from diabetic patients, which were stimu-
lated via the TCR or with a combination of PMA and Ca>*
ionophore that bypass TCR-mediated activation, showed no
significant difference (P<0.12) in IL-2 expression to those of
T cells derived from healthy donors (FIG. 4B).

[0179] However, Gated CD4 T cells from diabetic patients
with reduced zeta chain expression showed significant (P<0.
04) lower expression levels of surface CD25 (FI1G. 4C) and
impaired T cell proliferation (FIG. 4D) upon activation via
the TCR.
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[0180] It should be noted that the tests measuring T cell
activation parameters are time consuming and require 12-72
hours. Moreover, changes in these parameters could occur
also due to causes other than immunosuppression-induced
chronic inflammation. In contrast, measuring zeta expression
combined with CD3 and/or CD56 expression levels, provides
indication of chronic inflammation-induced immunosuppres-
sion; namely, low zeta expression levels and constant (i.e.
unchanged) CD3 and/or CD56 expression levels. T cell pro-
liferation, activation markers, and cytokine production could
only add additional support of an immunosuppression state.
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1.-31. (canceled)

32. A kit for determining selective downregulation of €
chain (CD247) expression in a blood sample, comprising

an antibody directed against an intra-cellular domain of the

€ chain;

at least one antibody directed against a CD3 subunit; and

optionally instructions for use.

33. The kit according to claim 32, further comprising at
least one additional antibody directed against a specific NK
cell marker.

34. The kit according to claim 32, wherein the antibody
directed against the intra-cellular domain of the € chain is
anti-CD247 mAb.

35. The kit according to claim 32, further comprising at
least one additional antibody directed against a specific NK
cell marker CD56.

36. The kit according to claim 32, wherein the antibodies
are labeled.

37. The kit according to claim 32, wherein the antibody
directed against the € chain is a fluorescently labeled anti-
CD247 mAb.

38. The kit according to claim 32, further comprising a
labeled secondary antibody or a labeled reagent.

39. The kit according to claim 32, further comprising a
fixating agent and/or a permeabilization agent.

40. The kit according to claim 32, further comprising fluo-
rescent beads.

41. A method for determining selective downregulation of
C chain expression in a blood sample, the method comprising:

obtaining a whole blood sample;

contacting the blood sample with a fixating agent thereby

fixing the cells in the blood sample;

permeabilizing the fixed cells;

contacting the cells with antibodies directed against an

intra-cellular domain of the € chain under conditions
enabling antibody binding;

contacting the cells with antibodies directed against at least

one of the CD3 subunits, under conditions enabling anti-
body binding; and

determining the level of antibody-protein complexes;
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wherein a low level of { chain expression in the sample and a
constant expression level of the at least one of the CD3 sub-
units is indicative of a selective downregulation of € chain
expression.

42. The method according to claim 41, further comprising
contacting the cells with at least one additional antibody
directed against a specific NK cell marker.

43. The method according to claim 41, wherein the step of
contacting the cells with antibodies directed against at least
one of the CD3 subunits and/or the at least one antibody
directed against a specific NK cell marker is performed prior
to fixing and/or prior to permeabilizing the cells.

44. The method according to claim 41, further comprising
contacting the cells with at least one additional antibody
directed against a specific NK cell marker CD56.

45. The method according to claim 41, wherein the anti-
body directed against an intra-cellular domain of the T chain
is anti-CD247 mAb.

46. A method for detecting an immunosuppression status in
a patient suffering from diabetes, the method comprising:

determining the expression levels of T chain in cells in a

blood sample obtained from the patient;

determining the expression levels of at least one of the CD3

subunits in the cells; and

comparing the level of expression to a standard expression

level;

wherein a low level of € chain expression in the sample and

a constant expression level of the at least one of the CD3
subunits is indicative of an immunosuppression status in
the tested diabetic patient.

47. A method for predicting diabetes related complications
in a patient, the method comprising:

determining expression levels of € chain in cells in a blood

sample obtained from the patient;

determining expression levels of at least one of CD3 sub-

units in the cells; and

comparing the level of expression to a standard expression

level;
wherein a low level of T chain expression in the sample and a
constant expression level of the at least one of the CD3 sub-
units is indicative of a likelihood to develop diabetes-related
complications.
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48. A method for evaluating the efficacy of an anti-diabetes
therapy, the method comprising:

determining the expression levels of T chain in cells in

blood samples obtained from the patient, wherein at
least one of the blood samples is obtained before initia-
tion of therapy and at least a second of the blood samples
is obtained during therapy and/or after completion of
therapy;

comparing the expression levels of T chain in cells in the

blood samples; and

determining the expression levels of at least one of CD3

subunits in the cells;

wherein an elevation in { expression level in the sample

obtained during therapy and/or after completion of
therapy as compared to the expression level in the
sample obtained before therapy initiation, and a constant
expression level of the at least one of the CD3 is indica-
tive of successful therapy.

49. The method according to claim 46, wherein the method
further comprises determining the expression level of at least
one specific NK cell marker.

50. The method according to claim 46, further comprising
determining the expression level of at least one specific NK
cell marker wherein the at least one specific NK cell marker is
CDS56.

51. The method according to claim 47, further comprising
determining the expression level of at least one specific NK
cell marker.

52. The method according to claim 47, further comprising
determining the expression level of at least one specific NK
cell marker wherein the at least one specific NK cell marker is
CDS56.

53. The method according to claim 48, further comprising
determining the expression level of at least one specific NK
cell marker.

54. The method according to claim 48, further comprising
determining the expression level of at least one specific NK
cell marker wherein the at least one specific NK cell marker is
CD56.
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