
HBV Epitope Reactive Exogenous T Cell Receptor (TCR) and uses thereof Field
of the invention The present invention relates generally to the field of
immune mediated therapies for treatment of Hepatitis B Virus (HBV) and
HBV-related diseases such as cirrhosis and Hepatocellular carcinoma (HCC)
and to methods of preparing these therapies. In particular, the immune
mediated therapies may be in the form of cells expressing at least one HBV
epitope-reactive exogenous T cell receptor and/or polynucleotides, vectors
and/or polypeptides encoding the HBV epitope-reactive T cell receptor.
Background of the art Hepatitis B virus (HBV) infects the liver of
hominoidae, including humans, and causes an inflammation called hepatitis.
It is a DNA virus and one of many unrelated viruses that cause viral
hepatitis. HBV currently infects at least 350 million people worldwide. 75%
of chronically infected HBV patients are living in Asia but the virus has a
world-wide diffusion. For example, in the United States, approximately 1.5
million Americans, or about 0.5% of the population have HBV. The infection
is especially more common in certain risk groups like men who have sex with
other men, renal dialysis patients and persons with haemophilia. Chronic
HBV infections affects 10 to 15% of first generation Asian Americans and
approximately 5% of children adopted from Russia, Asia and Eastern Europe
have chronic HBV infections. Chronic HBV infections may eventually lead to
liver cirrhosis and Hepatocellular carcinoma (HCC), a fatal disease with
very poor response to current chemotherapy. Currently available methods of
treatment for this global large reservoir of chronically infected subjects
are challenging as existing drugs suppress but do not eliminate HBV. Though
majority of HBV infected patients respond to currently available methods of
treatment showing improvements in liverhistology and serum Alanine
transaminase (ALT) levels, almost all patients relapse when treatment is
stopped. Furthermore, the more common methods of treatment of HBV involve
the use of drugs such as lamivudine and adefovir. These drugs however,
result in development of anti-viral resistance in the patients, which occur
in approximately 20% of patients treated with lamivudine and in about 3% of
those treated with adefovir each year. Ultimately a large proportion of
patients would develop resistance, at which point, the anti-viral drugs
would have little effect. There is thus a global need for an effective
method of anti-viral therapy that results in an HBV specific immune
response to efficiently and successfully eliminate the covalently closed
circular form of HBV in a patient. Naturally occurring HBV-epitope specific
T cells found in some subjects, lead to the subjects having an efficient
and innate control of the HBV infection. Past studies have shown that
patients with persistent/chronic HBV infection have their HBVepitope
specific T cells deleted or functionally altered. Therefore, increased
knowledge of virus-host interactions during HBV infection has prompted
speculation that therapeutic restoration of the defective anti-viral
immunity present in patients with chronic infection could possibly lead to
disease resolution. The validity of this concept was directly demonstrated
in patients with chronic HBV infection who underwent bone marrow
transplantation and received marrows from donors with natural immunity to
HBV. Infusion of a healthy HBV-primed immune system led to resolution of
chronic HBV infection in these patients. However, bone marrow
transplantation is clearly not an easy therapeutic option for chronically
HBV infected patients and attempts to boost HBV-specific immunity using
various vaccines in patients with chronic hepatitis B have been
disappointing. A potential cause of failure of the therapeutic vaccine
strategy is the fact that the immune system of HBV chronic carriers does
not have the same efficiency and repertoire of specificities as that of
healthy non-HBV infected subjects.Further, persistent high production of
viral antigens in chronic HBV infected patients can delete or tolerize
antigen-specific T cells. Chronic HBV infected patients are thus
characterized by low/absent HBV-specific CD4+ and CD8+ T cell responses.
Moreover, it has been speculated that both low T cell avidity and an
ineffective cytokine profile generated in response to HBV infection may
contribute to the development of chronic HBV infection rather than viral
clearance. Clearly, more effective therapies targeting molecules involved
in the cytokine profile of HBV infected patients are necessary in order to
reduce the worldwide morbidity and mortality from HBV infection and
HBV-related malignancies. Summary of the invention The present invention
addresses the problems above, and in particular provides a novel, efficient
and effective method of treating HBV infection by redirecting the
specificity of lymphocytes of chronic HBV infected patients using exogenous
T cell receptor (TCR) transfer. According to a first aspect, the present
invention provides at least one isolated cell comprising at least one HBV
epitope-reactive exogenous T cell receptor (TCR) and/ or fragment thereof.
In particular, the HBV epitope may be HLA-A2 restricted. More in
particular, the HBV epitope may comprise at least one hepatitis B core
antigen or one hepatitis 



B envelope antigen, or a mutant thereof. Even more in particular, the HBV
epitope may comprise HBd 8-27, HBs370-79 and/or a mutant thereof. The HBd
8-27 epitope may comprise at least one sequence selected from the group
consisting of SEQ ID NOs:25 to 39. In particular, the HBd 8-27 epitope may
comprise sequence, SEQ ID NO:25. The HBs370-79 epitope may comprise at
least one sequence selected from the group consisting of SEQ ID NO:56 to
58. In particular, the HBs370-79 epitope may comprise sequence SEQ ID
NO:56.In particular, the cell according to the present invention may
further comprise at least one second HBV epitope-reactive exogenous TCR
and/or fragment thereof, wherein the second HBV epitope may be different
from the first HBV epitope. In particular, the first HBV epitope may be HBd
8-27 and the second epitope may be HBs370-79. The exogenous TCR may
comprise at least one a-chain comprising at least one amino acid sequence
selected from the group consisting of SEQ ID NO:9, SEQ ID NO:10 and SEQ ID
NO:1 1 or mutants thereof. In particular, the exogenous TCR comprises at
least one a-chain comprising the sequences SEQ ID NO:9, SEQ ID NO:10 and
SEQ ID NO:1 1. The exogenous TCR may comprise at least one b-chain
comprising at least one amino acid sequence selected from the group
consisting of SEQ ID NO:21 , SEQ ID NO:22 and SEQ ID NO:23 or mutants
thereof. More in particular, the exogenous TCR may comprise at least one
b-chain comprising the sequences SEQ ID NO:21 , SEQ ID NO:22 and SEQ ID
NO:23. All sequences are shown in Tables 1 and 2. In particular, the
exogenous TCR may comprise at least one a-chain having at least 80% amino
acid identity to SEQ ID NO:12 or a fragment thereof and/ or at least one
b-chain having at least 80% amino acid identity to SEQ ID NO:24 or a
fragment thereof. More in particular, the exogenous TCR may comprise at
least one a-chain of SEQ ID NO: 12 and/ or at least one b-chain of SEQ ID
NO:24. The exogenous TCR may comprise at least one a-chain comprising at
least one amino acid sequence selected from the group consisting SEQ ID
NO:44, SEQ ID NO:45 and SEQ ID NO:46 or mutants thereof. In particular, the
exogenous TCR comprises at least one a-chain comprising the sequences SEQ
ID NO:44, SEQ ID NO:45 and SEQ ID NO:46. The exogenous TCR may comprise at
least one b-chain comprising at least one amino acid sequence selected from
the group consisting of SEQ ID NO:52, SEQ ID NO:53 and SEQ ID NO:54 or
mutants thereof. More in particular, the exogenous TCR may comprise at
leastone b-chain comprising the sequences SEQ ID NO:52, SEQ ID NO:53 and
SEQ ID NO:54. All sequences are shown in Tables 1 and 2. In particular, the
exogenous TCR may comprise at least one a-chain having at least 80% amino
acid identity to SEQ ID NO:47 or a fragment thereof and/ or at least one
b-chain having at least 80% amino acid identity to SEQ ID NO:55 or a
fragment thereof. More in particular, the exogenous TCR may comprise at
least one a-chain of SEQ ID NO:47 and/ or at least one b-chain of SEQ ID
NO:55. In particular, the cell according to the present invention may be at
least one hematopoietic stem cell. More in particular, the cell may be at
least one Peripheral Blood Lymphocytes (PBL) -derived T cell. According to
another aspect, the present invention provides at least one isolated
polynucleotide comprising at least one sequence encoding at least one
a-chain and/or at least one sequence encoding at least one b-chain wherein,
the a-chain and b-chain may be part of at least one exogenous HBV
epitopereactive TCR. The HBV epitope may be HBd 8-27 and/or HBs370-79. In
particular, the sequence encoding the a-chain comprises at least one
sequence selected from SEQ ID NO:1 and SEQ ID NO:5, at least one sequence
selected from SEQ ID NO:2 and SEQ ID NO:6 and at least one sequence
selected from SEQ ID NO:3 and SEQ ID NO:7 and/or the sequence encoding the
b-chain comprises at least one sequence selected from SEQ ID NO: 13 and SEQ
ID NO: 17, at least one sequence selected from SEQ ID NO: 14 and SEQ ID
NO:18 and at least one sequence selected from SEQ ID NO:15 and SEQ ID
NO:19. More in particular, the sequence encoding the a-chain may comprise
SEQ ID NO:5, SEQ ID NO:6 and SEQ ID NO:7 and/or the sequence encoding the
b-chain may comprise SEQ ID NO:17, SEQ ID NO:18 and SEQ ID NO:19.In
particular, the a-chain of the HBV epitope-reactive exogenous TCR may have
at least 80% sequence identity to SEQ ID NO:4 or SEQ ID NO:8 and/or the b-
chain of the HBV epitope-reactive exogenous TCR may have at least 80%
sequence identity to SEQ ID NO:1 6 or SEQ ID NO:20. More in particular, the
sequence encoding the a-chain may be selected from the group consisting of
SEQ ID NO:4 and SEQ ID NO:8, and/or the sequence encoding the b-chain may
be selected from the group consisting of SEQ ID NO:16 and SEQ ID NO:20.
More in particular, the sequence of the a-chain of the HBd 8-27 epitope
reactive exogenous TCR may be selected from the group consisting of SEQ ID
NO:4 and SEQ ID NO:8, and/or the sequence of the b-chain of the HBd 8-27
epitope reactive exogenous TCR may be selected from the group consisting of
SEQ ID NO:16 and SEQ ID NO:20. In particular, the sequence encoding the
a-chain comprises SEQ ID NO:40, SEQ ID NO:41 and SEQ ID NO:42 and/or the
sequence encoding the b-chain comprises SEQ ID NO:48, SEQ ID NO:49, and SEQ
ID NO:50. More in particular, the a-chain of the HBV epitope-reactive
exogenous TCR may have at 



least 80% sequence identity to SEQ ID NO:43 and the b-chain of the HBV
epitope-reactive exogenous T cell receptor has at least 80% sequence
identity to SEQ ID NO:51 . Even more in particular, the sequence encoding
the a-chain comprises SEQ ID NO:43, and/or the sequence encoding the
b-chain comprises SEQ ID NO:51 . More in particular, the sequence of the
a-chain of the HBs370-79 epitope reactive exogenous TCR may comprise SEQ ID
NO:43 and/or the sequence of the b-chain of the HBs370-79 epitope reactive
exogenous TCR may comprise SEQ ID NO:51 . According to another aspect, the
present invention provides at least one isolated polypeptide encoded by at
least one polynucleotide of the present invention.According to still
another aspect, the present invention provides at least one isolated
polypeptide comprising at least one sequence selected from the group
consisting of SEQ ID NO:9, SEQ ID NO:10 and SEQ ID NO:1 1 and at least one
further sequence selected from the group consisting of SEQ ID NO:21 , SEQ
ID NO:22 and SEQ ID NO:23. In particular, the sequence may have at least
80% amino acid identity to SEQ ID NO:12 and the further sequence may have
at least 80% amino acid identity to SEQ ID NO:24. The present invention
also provides at least one isolated polypeptide comprising at least one
sequence selected from the group consisting of SEQ ID NO:44, SEQ ID NO:45
and SEQ ID NO:46 and/or at least one further sequence selected from the
group consisting of SEQ ID NO:52, SEQ ID NO:53 and SEQ ID NO:54. In
particular, the sequence may have at least 80% amino acid identity to SEQ
ID NO:47 and the further sequence may have at least 80% amino acid identity
to SEQ ID NO:55. The polypeptide according to the present invention may be
at least one HBV epitope-reactive exogenous TCR. In particular, the HBV
epitope may be HBd 8- 27, HBs370-79 and/or a mutant thereof. More in
particular, the polypeptide may be at least one soluble TCR or a fragment
thereof. Even more in particular, the soluble TCR or fragment thereof may
be linked to at least one anti-viral drug. According to one aspect, the
present invention provides at least one construct comprising the
polynucleotide of the present invention operably connected to at least one
promoter. According to another aspect, the present invention provides at
least one vector comprising the construct according to the present
invention or the polynucleotide according to the present invention.
According to still another aspect, the present invention provides at least
one T cell comprising the vector or the construct according to the present
invention.According to one aspect, the present invention provides at least
one method of preparing at least one T cell comprising at least one HBV
epitope-reactive exogenous TCR for delivery to at least one subject the
method comprising transducing at least one T cell isolated from the subject
with the construct of or the vector of the present invention. According to
another aspect, the present invention provides at least one method of
preparing at least one HBV epitope-reactive exogenous TCR comprising: (a)
isolating at least one HBV-epitope reactive T cell from at least one
HBV-exposed individual that resolved HBV infection; (b) cloning at least
one polynucleotide sequence encoding at least one a- and/or b-chain of at
least one TCR cell receptor from the HBV-epitope reactive T cell of step
(a); (c) delivering the polynucleotide sequence of step (b) to at least one
cell; and (d) incubating the cell under conditions suitable for expression
of the HBV epitope-reactive exogenous T cell receptor by the cell. In
particular, the method of preparing at least one HBV epitope-reactive
exogenous TCR comprises the isolation of at least one T cell, step (a)
which may be HBd 8-27 epitope reactive and/or HBs370-79 epitope reactive.
According to one aspect, the present invention provides at least one cell
according to the present invention, for use in the treatment of HBV
infection and/or HBV-related hepatocellular carcinoma. According to another
aspect, the present invention provides at least one method of treating HBV
and/or inhibiting reactivation of HBV in at least one subject comprising
administering to the subject at least one immunotherapeuticallyeffective
amount of cells, at least one vector and/or at least one polypeptide
according to any aspect of the present invention. According to still
another aspect, the present invention provides at least one method of
treating HBV-related hepatocellular carcinoma in at least one subject
comprising administering to the subject at least one immunotherapeutically
effective amount of cells, at least one vector and/or at least one
polypeptide according to any aspect of the present invention. According to
one aspect, the present invention provides at least one in vitro method for
diagnosing at least one subject that is able to resolve HBV infection, the
method comprising: (a) providing at least one sample from at least one
subject; (b) detecting the presence of at least one polynucleotide
comprising, substantially consisting of or consisting of at least one
nucleic acid sequence selected from SEQ ID NO: 4, SEQ ID NO: 8, SEQ ID NO:
16, SEQ ID NO: 



20, SEQ ID NO: 43, SEQ ID NO: 51, a homologue and/or a fragment thereof;
and/or (c) detecting the presence of at least one polypeptide comprising,
substantially consisting of or consisting of the amino acid sequence of SEQ
ID NO: 12, SEQ ID NO: 24, SEQ ID NO: 47, SEQ ID NO: 55, a homologue and/or
a fragment thereof; wherein the presence of the polynucleotide and/or the
polypeptide is indicative of the subject being able to resolve the HBV
infection. According to yet another aspect, the present invention provides
at least one in vitro method for diagnosing at least one subject as having
or as being at risk of having HBV infections and/or HBV related
hepatocellular carcinoma, the method comprising: (a) providing at least one
sample from at least one subject;(b) detecting the presence of at least one
polynucleotide comprising, substantially consisting of or consisting of at
least one nucleic acid sequence selected from SEQ ID NO: 4, SEQ ID NO: 8,
SEQ ID NO: 16, SEQ ID NO: 20, SEQ ID NO: 43, SEQ ID NO: 5 1, a homologue
and/or a fragment thereof; and/or (c) detecting the presence of at least
one polypeptide comprising, substantially consisting of or consisting of
the amino acid sequence of SEQ ID NO: 12, SEQ ID NO: 24, SEQ ID NO: 47, SEQ
ID NO: 55, a homologue and/or a fragment thereof; wherein the absence of
the polynucleotide and/or the polypeptide correlates with the likelihood of
the subject as having or as being at risk for having HBVinfection and/or
HBV-related hepatocellular carcinoma. According to another aspect, the
present invention provides at least one use of at least one cell, at least
one vector and/or at least one polypeptide according to any aspect of the
present invention in the preparation of a medicament for treating HBV
infection and/or HBV-related hepatocellular carcinoma. According to still
another aspect, the present invention provides at least one kit for
detecting and/or treatment of HBV infection and/or HBV-related
hepatocellular carcinoma, the kit comprising at least one cell, at least
one vector and/or at least one polypeptide according to any aspect of the
present invention. Brief description of the figures Figure 1 shows a
schematic diagram of the steps involved in producing a cell comprising at
least one HBV epitope-reactive exogenous T cell receptor. It comprises the
isolation of a T cell clone from an HLA-A2 positive HBV patient who has
resolved the infection, using the T cell clone to form a retroviral vector
construct encoding HBV T cell receptor and using the vector to form cells
thatexpress the HBV epitope-reactive exogenous T cell receptor. Figure 1
was partly taken from Schumacher et al., 2002. Figure 2 (A) depicts FACS
analysis of peripheral blood lymphocytes (PBL) which were stimulated with
HBd 8-27 peptide to generate T cell lines. The HBd 8-27 specific T cell
line was isolated using specific HBc18-27-HLA-A201 pentamers and magnetic
separation. The isolated HBd 8-27 specific T cell line was stained with
HBc18-27-HLA-A201 specific pentamers to confirm clonality. The results show
that 100% of the T cells were CD8+ and HLA-A2 pentamer positive, indicating
clonality. Figure 2 (B) shows a graph with the results of V beta typing of
a potential T cell clone, C183, which was derived from a resolved HLA-A201
HBV patient using staining with a panel of TCR V beta monoclonal antibodies
(MAbs). MAbs reacting with the human TCR V beta region are almost as
specific as a private idiotypic MAb in identifying T cell clones. This
method was thus used to evaluate expression of V beta gene families. The
clone, C183, which was found to be highly specific to HBV core 18-27 (HBd
8-27) epitope. The results suggest that all T cells were Vb8 positive.
Figure 3 shows the cytotoxic function of HBd 8-27 specific Cytotoxic T
lymphocyte (CTL) clone C183. CarboxyFluoroscein Succinimidyl Ester (CFSE)
labelled HepG2 cells pulsed with HBd 8-27 (8-10 M) epitope were mixed with
HepG2 cells that were not HBd 8-27 pulsed. The HepG2 cells were cultured in
the presence or absence of CTL clones at a 1:1 ratio for 5 h. Cytotoxicity
was determined by disappearance of CFSE labelled targets in the presence of
C183 clone (+C183). After 5 h co-incubation, the results show that only
CFSE negative cells (no HBd 8-27 peptide) remained and nearly all HBd 8-27
positive, CFSE positive HepG2 cells were eliminated by C183, indicating the
T cell clone is capable of killing tumour cells presenting HBV antigens
like HBd 8-27. There was no significant difference in the cell count when
no CTL was added (NO CTL). Figure 4 shows that C183 T cell clone recognizes
endogenously processed viral antigen presented by hepatocellular carcinoma
cells. Figure 4 (A) shows the results of HBd 8-27 specific Cytotoxic T
lymphocyte (CTL), C183, incubated with parental, vector only, HepG2 cell
line (HepG2TA2- 7) for 5 h as a control. The control was tested for
cytokine release and cytotoxic degranulation (CD107a+ staining), which
revealed that C183 did not respond to the control cell line HepG2TA2-7 as
there was no activation to degranulate (CD107a+) and did not produce IFN-g
. 



Figure 4 (B) shows that C183 T cell clone activation after co-culture with
HepG2.105 cells which expressed different levels of the HBV antigen
stimulated IFN-Y production and degranulation, indicating the C183 T cell
clone recognizes the HBd 8-27 epitope processed and presented by
hepatocellular carcinoma cells. 84% of T cell clones were activated after 5
h co-culture with HepG2 cells expressing HBV. Figure 5 shows the results of
how C183 T cell clone responds to naturally infected hepatocytes. Primary
hepatocytes which were isolated from HLA-A2+ or HLA-A2- explanted chronic
HBV livers were co-cultured with C183. HBd 8- 27-specific C183 T cell clone
degranulation and IFN-g production was measured after incubation of C183
alone, with HLA-A2+ uninfected, with HLAmismatch HBV infected or with
HLA-A2+ HBV infected primary human hepatocytes. C183 activation (12%
CD107a+) was only observed following incubation with HLA-A2+ HBV infected
primary human hepatocytes indicating that the C183 T cell clone recognizes
endogenously processed viral antigen presented by HBV infected primary
hepatocytes that express the correct HLA molecules on their cell
surface.Figure 6 shows the ability of T cell clone, C183, to recognize the
HBd 8-27 epitope from HBV genotypes B and C (grey bars, Asia virus; C 18-I)
and HBV genotypes A and D (black bars, European/American virus; C18-V)
presented by different subtypes of the HLA-A2 MHC class I family.
Epstein-Barr virus (EBV) transformed B cells with known subtypes of HLA-A2
were loaded with increasing concentrations of HBd 8-27 epitope from
different genotypes of HBV and co-cultured with C183 T cell clone for 5 h.
IFN-g production was measured to determine T cell activation. Data shows
that (A) HLA-A201 ; (B) HLA-A206; and (C) HLA-A207 MHC class I molecules
could present the HBV epitope from all genotypes and, were recognized by
C183 and thus stimulated efficient IFN-g production by the T cells. C183 T
cell clone was found to be able to recognize the HBd 8-27 epitope with high
sensitivity (< 1 pM) from genotypes B and C or genotypes A and D and the
epitope was recognized almost equally when presented by the three most
dominant HLA-A2 subtypes A0201 (A), A0206 (B) and A0207 (C). Figure 7 shows
the analysis of T Cell Receptor (TCR) transduction efficiency. Figure 7 (A)
shows the FACS analysis of peripheral blood lymphocytes (PBL) when they
were mock transduced (negative control) or transduced with the HBd 8-27
A201 TCR comprised of Vb8.2 and Va3 chains. PBL were stained for Vb8 chain
3 days after transduction to determine expression of the introduced HBd
8-27 TCR. Mock transduced PBL expressed endogenous levels of Vb8 (CD8+=1
.8%; CD4+=2.1). Expression of Vb8 increased substantially after
transduction with HBd 8-27 A201 TCR compared to mock transduced cells,
which expressed only endogenous levels of Vb8, indicating successful
transduction and expression. Figure 7 (B) shows the results obtained when
mock or HBd 8-27 TCR transduced cells were stained with HBc18-27-A201
specific pentamer to determine if the Va3 chain was expressed and properly
paired with Vb8.2 chainon the cell surface. Pentamer analysis showed that
only HBd 8-27 TCR transduced T cells expressed the appropriate a and b
chains recognized by the HBc18-27-A201 specific pentamer and that the a and
b chains were properly paired on the cell surface. No staining was detected
in Mock transduced cells because PBL came from a healthy donor which was
HLA-A2 negative. Figure 7 (C) shows the mean frequency of Vb8+ T cells from
5 healthy, 5 HBeAg+ chronic HBV patients (HBV DNA > 107 copies/ml), and 5
HBeAgchronic HBV patients (HBV DNA < 106 copies/ml). This indicates that
the transduced Vb8 TCR chain is expressed equally well in chronic HBV
patients and healthy donors. Figure 7 (D) shows the mean frequency of
HBc18-27-A201 specific pentamer+ T cells from 5 healthy, 5 HBeAg+ chronic
HBV patients (HBV DNA > 107 copies/mi), and 5 HBeAg- chronic HBV patients
(HBV DNA < 106 copies/ml). This indicates that the properly paired
transduced TCR is expressed equally well in chronic HBV patients and
healthy donors. Figure 8 (A) shows the FACS analysis of T cells transduced
with HBd 8-27 A201 TCR to confirm that the introduced HBd 8-27 TCR was
functional. HBd 8-27 TCR transduced or mock transduced T cells were
co-cultured overnight with HLA-A2+ T2 cells which were first pulsed with
HBd 8-27 peptide ("peptide") and incubated for 5h. The function of the T
cells was then assessed by intracellular cytokine staining for IFN-g (left
column), TNF-a (middle column) and IL-2 (right column). In the absence of
peptide, HBd 8-27 TCR transduced cells were not activated (top row). Mock
transduced cells were not activated by peptide pulsed T2 cells (middle
row). HBd 8-27 TCR transduced cells were stimulated to produce IFN-g ,
TNF-a, and IL-2 following co-culture with peptide pulsed T2 cells (bottom
row). Both CD8+ and CD8- (CD4+ T cells) were capable of producing all three
cytokines confirming function of the introduced TCR in CD4+ T cells and
multifunctional capacity of TCR re-directed cells.Figure 8 (B) shows that
HBd 8-27 TCR transduced T cells from chronic HBV patients are equally
functional to healthy donors. Mean frequency of IFN-g , TNF-a and IL-2
positive cells from 5 healthy, 5 HBeAg+ chronic HBV patients (HBV DNA > 107
copies/ml), and 5 HBeAg- chronic HBV patients (HBV DNA < 



106 copies/ml) are shown. The results show that T cells transduced with HBd
8- 27-A201 TCR become multifunctional. Figure 9 shows the affinity of HBd
8-27 TCR transduced T cells from healthy and chronic HBV patients compared
to original C183 T cell clone. Figure 9 (A) shows the results when IFN-g+
CD8+ HBd 8-27 TCR transduced T cells and C183 T cell clones were
co-cultured with T2 cells pulsed with increasing concentrations of HBd 8-27
peptide for 5 h and then stained for IFNY. Data is presented as mean
percentage of maximum response for HBd 8-27 TCR transduced T cells derived
from 5 healthy donors, 5 HBeAg+ chronic HBV patients (HBV DNA > 107
copies/ml), and 5 HBeAg- chronic HBV patients (HBV DNA < 106 copies/ml)
where C183 is 100% specific while TCR transduced cell frequency varies.
Results show that the affinity for the viral epitope of CD8+ HBd 8-27 TCR
transduced T cells derived from patient T cells was identical when compared
to the original C183 T cell clone and recognized the epitope down to
concentrations of 0.1 - 1 pg/ml. Figure 9 (B) shows the results when IFN-g+
CD4+ HBd 8-27 TCR transduced T cells and C183 T cell clones were
co-cultured with T2 cells pulsed with increasing concentrations of HBd 8-27
peptide for 5 h and then stained for IFNY. Data is presented as mean
percentage of maximum response for HBd 8-27 TCR transduced T cells derived
from 5 healthy donors, 5 HBeAg+ chronic HBV patients (HBV DNA > 107
copies/ml), and 5 HBeAg- chronic HBV patients (HBV DNA < 106 copies/ml)
where C183 is 100% specific while TCR transduced cell frequency varies.
CD4+HBc18-27 TCR transduced cells derived from patient T cells were less
sensitive compared to C183 but 50% of HBd 8-27 specific Tcells were
activated at 100 pg/ml indicating that the introduced HBd 8-27 TCR was
highly sensitive, even in the absence of the CD8 co-receptor. Figure 10
shows the expression of optimized HBc18-Opt-TCR compared to the wild type
HBd 8-WT-TCR. Figure 10 (A) shows histograms with the percentage of Vb8+ T
cells from mock, HBd 8-WT-TCR and HBd8-Opt-TCR transduced PBL cells.
Frequency of Vb8+ cells was comparable between the optimized and wild type
HBc18-TCR transduced cells. Figure 10 (B) shows the comparison of the
expression level of Vb8 in mock, HBd 8-WT-TCR and HBc18-Opt-TCR transduced
T cells. To compare the level of expression, mean fluorescent intensity
(MFI) for Vb8+ cells was used. The results show that there was no
significant difference in the level of Vb8 expression between optimized and
wild type TCR transduced cells. Figure 10 (C) shows the results obtained
from HBd 8-27 HLA-A2 specific pentamer staining. Cells from each group
mentioned above were stained with anti-CD8 and HBd 8-27 HLA-A2 specific
pentamers. Nearly a two-fold increase in the frequency of pentamer positive
cells in T cells transduced with HBd 8- Opt-TCR constructs were shown
compared to the wild type TCR suggesting that the Va3 chain may be
expressed more efficiently from the codon optimized construct compared to
the wild type sequence. Figure 11 shows that there is an increased
frequency of IFN-g positive cells in T cells transduced with HBc18-Opt-TCR
compared to HBd 8-WT-TCR constructs. Mock transduced T cells, HBd 8-WT-TCR
and HBc18-Opt-TCR were stimulated overnight with HLA-A2 positive T2 cells
which were initially pulsed or not pulsed with HBd 8-27 peptide, in the
presence of 2 mg/ml brefeldin A. T cells were then labelled with anti-CD8
PE-Cy7 and stained for IFN-g by intracellular cytokine staining. The
results demonstrated that there was nearly atwo fold increase in the
frequency of IFN-g positive T cells transduced with the HBc18-Opt-TCR
compared to T cells transduced with the HBc18-WT-TCR. The increase in
pentamer positive cells correlated with an increase in functional cells
able to respond to peptide loaded target T cells. Figure 12 (A) EBV
transformed B cells expressing HLA-A0201 , -A0206 or - A0207 subtypes were
loaded with increasing concentrations of HBV genotype A/D HBd 8-27 epitope
(sequence provided in Table 1) and co-cultured with HBc-18-27 TCR
transduced T cells for 5h. T cell activation was measured by intracellular
cytokine staining for IFN-g . The results show that the HBc-18-27 TCR
transduced T cells recognize the HBd 8-27 eptiope presented by multiple
HLA-A2 subtypes. Figure 12 (B) EBV transformed B cells expressing HLA-A0201
, -A0206 or - A0207 subtypes were loaded with increasing concentrations of
HBV genotype B/C HBd 8-27 epitope (sequences provided in Table 1) and
co-cultured with HBc-18-27 TCR transduced T cells for 5h. T cell activation
was measured by intracellular cytokine staining for IFN-g . The results
show that the HBc-18-27 TCR transduced T cells recognize the HBd 8-27
eptiope presented by multiple HLA-A2 subtypes. Figure 12 (C) show the
results when HLA-A2+ T2 cells were loaded with each of the mutant peptides
of HBd 8-27 epitope and co-cultured with HBc-18-27 TCR transduced T cells
for 5 h. T cell recognition of the mutant peptides was determined by
intracellular cytokine staining for IFN-g . The sequences of the mutant
peptides are provided in Table 1. As can be seen from the results, the
HBc-18-27 TCR transduced T cells recognized various mutants of the HBd 8-
27 eptiope. The Unstim 1 and Unstim 2 refer to the control where the
HLA-A2+ 



T2 cells were not loaded with any mutant peptide. Figure 13 (A) TCR
transduced T cells from each patient group (healthy, HBeAg(-), HBeAg(+))
were co-cultured with DiOC labeled HepG2 cellsexpressing the entire HBV
genome (HBV-HepG2) or the parental control cell line (Ctrl-HepG2) at
EffectopTarget ratio of 1:1 for 6 h in the presence of Propidium Iodide
(Pl). Dying target cells were DiOC+/PI+. Results are representative of 3
experiments. Effector T cells were considered to be IFNY+/ CD8+ cells
determined by intracellular cytokine staining after stimulation with
peptide pulsed T2 cells. The results showed that HBd 8-27 TCR transduced T
cells can kill HCC cell lines which endogenously express HBV proteins or
are loaded with the HBV 18-27 peptide. Figure 13 (B) DiOC labeled HCC cell
lines (HepG2, SNU-387, SNU-368) were loaded with increasing concentrations
of HBd 8-27 peptides and co-cultured with HBc-18-27 TCR transduced T cells
at Effector to target ratio of 1:1 for 6 h in the presence of Propidium
Iodide (Pl). Dying target cells were DiOC+/PI+. Results are representative
of 3 experiments. Effector T cells were considered to be IFN-g+/CD8+ cells
determined by intracellular cytokine staining after stimulation with
peptide pulsed T2 cells. The results showed that HBd 8-27 TCR transduced T
cells are able to kill multiple HLA-A2+ HCC cell lines. Figure 14 (A) shows
that the E10-1 D T cell clone or HBs370-79 TCR transduced T cells,
recognize HBs370-79 epitope loaded HLA-A2+ T2 cells. E10-1 D T cell clone
is made according to the method provided in Example 10. T2 cells were
loaded with increasing concentrations of HBs370-79 peptide and co-cultured
with E10-1 D or HBs370-79 TCR transduced T cells for 5 h and stained for
IFN-g . Data presented as percent maximum response to normalize differing
frequency of each line. The results show that HBs370-79 specific TCR is
functional. Figure 14 (B) shows that HBs370-79 TCR transduced T cells
recognize genotypic variants of the HBs370-79 epitope (The sequences of the
genotypic variants are provided in Table 2). HBs370-79 TCR transduced T
cells were cocultured with HLA-A2+ T2 cells loaded with 1 mg/ml peptide of
each genotypefor 5 h and activation was assessed by CD107a labeling and
staining for IFN-g . Genotype A & D sequences are identical. The results
show that HBs370-79 specific TCR recognizes genotypic variants of the
HBs370-79 epitope. Detailed description of the invention Bibliographic
references mentioned in the present specification are for convenience
listed in the form of a list of references and added at the end of the
examples. The whole content of such bibliographic references is herein
incorporated by reference. Definitions For convenience, certain terms
employed in the specification, examples and appended claims are collected
here. The term "comprising" is herein defined to be that where the various
components, ingredients, or steps, can be conjointly employed in practicing
the present invention. Accordingly, the term "comprising" encompasses the
more restrictive terms "consisting essentially of and "consisting of." With
the term "consisting essentially of it is understood that the exogenous TCR
polypeptide and/or polynucleotide according to the invention
"substantially" comprises the indicated sequence as "essential" element.
Additional sequences may be included at the 5' end and/or at the 3' end.
Accordingly, a polypeptide "consisting essentially of sequence X will be
novel in view of a known polypeptide accidentally comprising the sequence
X. With the term "consisting of" it is understood that the polypeptide
and/or polynucleotide according to the invention corresponds to at least
one of the indicated sequence (for example a specific sequence indicated
with a SEQ ID Number or a homologous sequence or fragment thereof).The term
"exogenous T cell receptor" (TCR) is herein defined as a recombinant TCR
which is expressed in a cell by introduction of exogenous coding sequences
for a TCR. In particular, the HBV epitope-reactive TCR may be expressed in
a cell in which the TCR is either not natively expressed or is expressed at
levels that are insufficient to induce a response by the cell or a
responder cell upon TCR ligand binding. The term "fragment" is herein
defined as an incomplete or isolated portion of the full sequence of the
HBV epitope-reactive exogenous TCR which comprises the active site(s) that
confers the sequence with the characteristics and function of the HBV
epitope-reactive exogenous TCR. In particular, it may be shorter by at
least one nucleotide or amino acid. More in particular, the fragment
comprises the active site(s) that enable the HBV epitope-reactive exogenous
TCR to recognise the HBd 8-27 epitope and/or the HBs370-79 epitope. The
term "HBV epitope-reactive T Cell Receptor (TCR)" is herein defined as a
TCR which binds to an HBV epitope in the context of a Major
Histocompatibility Complex (MHC) molecule to induce a helper or cytotoxic
response in the cell expressing the recombinant TCR. In particular, the HBV
epitope may be HBd 8- 27. More in particular, the HBV epitope may comprise
the sequence of SEQ ID NO:25. The HBV epitope may be HBs370-79. More in
particular, the HBV epitope may comprise the sequence of SEQ ID NO:56, SEQ
ID NO:57 or SEQ ID NO:58. 



The term "HBc 18-27 epitope" is herein defined as an epitope that can
stimulate HLA class I restricted T cells. It may be used interchangeably in
the present invention as HBd 8, HBd 8-27, HBd 8-27 peptide and the peptide.
The sequence of the epitope may be "FLPSDFFPSV" (SEQ ID NO:25). In the
present invention, the term HBd 8-27 is used to refer to the HBd 8-27
epitope of genotype A/D prevalent amongst Caucasians of sequence SEQ ID
NO:25unless otherwise stated. The region of the T cell receptor that binds
to the epitope is referred to as HBd 8-27 TCR or HBd 8 TCR. The term
"HBs370-79 epitope" is herein defined as an epitope that can stimulate HLA
class I restricted T cells. The sequence of the epitope may be "SIVSPFIPLL"
(SEQ ID NO:56). In the present invention, the term HBs370-79 is used to
refer to the HBs370-79 epitope of genotype A/D prevalent amongst Caucasians
of sequence SEQ ID NO:56 unless otherwise stated. The region of the T cell
receptor that binds to the epitope is referred to as HBs370-79 TCR. The
term "immunotherapeutically effective amount" is herein defined as an
amount which results in an immune-mediated prophylactic or therapeutic
effect in the subject, i.e., that amount which will prevent or reduce
symptoms at least 50% compared to pre-treatment symptoms or compared to a
suitable control. The term "isolated" is herein defined as a biological
component (such as a nucleic acid, peptide or protein) that has been
substantially separated, produced apart from, or purified away from other
biological components in the cell of the organism in which the component
naturally occurs, i.e., other chromosomal and extrachromosomal DNA and RNA,
and proteins. Nucleic acids, peptides and proteins which have been isolated
thus include nucleic acids and proteins purified by standard purification
methods. The term also embraces nucleic acids, peptides and proteins
prepared by recombinant expression in a host cell as well as chemically
synthesized nucleic acids. The term "operably connected" herein defined as
a functional linkage between regulatory sequences (such as a promoter
and/or array of transcription factor binding sites) and a second nucleic
acid sequence, wherein the regulatory sequences direct transcription of the
nucleic acid corresponding to the second sequence.The term "mutant" or
"mutant form" of a TCR epitope is herein defined as one which has at least
one amino acid sequence that varies from at least one reference
virus-encoded sequence via substitution, deletion or addition of at least
one amino acid, but retains the ability to bind and activate the TCR bound
and activated by the non-mutated epitope. In particular, the mutants may be
naturally occurring or may be recombinantly or synthetically produced. The
term "soluble TCR" is herein defined as a soluble (secreted) form of the
membrane bound TCR which is the molecule that is responsible for the T
cell's recognition of the antigen for which it is specific. In its soluble
form it is analogous to a monoclonal antibody except that it recognizes
fragments of peptides associated with MHC molecules while antibodies
recognize determinants on a whole protein. In particular, the isolated
polypeptide of the present invention may be used for producing a soluble
TCR using any method known in the art. More in particular, the soluble TCR
may bind to the HBd 8-27 and/or HBs370-79 epitope of HBV. The term
"subject" is herein defined as vertebrate, particularly mammal, more
particularly human. For purposes of research, the subject may particularly
be at least one animal model, e.g., a mouse, rat and the like. In
particular, for the animal models, the sequence of the TCR a- and b- chains
may be selected based on species. In some cases, transgenic animals
expressing human MHC molecules may also be useful in evaluating specific
aspects of the present invention. A person skilled in the art will
appreciate that the present invention may be practised without undue
experimentation according to the method given herein. The methods,
techniques and chemicals are as described in the references given or from
protocols in standard biotechnology and molecular biology text books.In one
aspect of the present invention, there is provided at least one isolated
cell comprising at least one HBV epitope-reactive exogenous T cell receptor
(TCR) and/ or fragment thereof. Such cells may be suitable for use in
adoptive transfer protocols to provide a particularly effective mode of
treatment. The isolated cells of the present invention may circumvent the
problem of deletion and sub-optimal function of HBV-specific CD8+ and CD4+
cells which may be present in patients with chronic HBV infection. In
particular, the TCR from a patient who resolved the HBV infection may be
used to redirect the specificity of the lymphocytes of chronic HBV patients
for TCR transfer. In particular, HBV-reactive TCRs may be prepared by
transforming or transducing at least one isolated cell with one or more
polynucleotides encoding functional a- and/or b- chains and/or polypeptides
of functional a- and/or b- chains that may assemble to form at least one
functional HBV-epitope reactive TCR. In particular, the isolated cell may
be isolated using any technique known in the art. More in particular, at
least one cell isolation kit, Ficoll-Paque density gradient centrifugation,
BD FACSAria Cell Sorting System and the like may be used to isolate the
cell. The isolated cell may be at least one autologous cell, i.e., they may
be derived 



from at least one subject that may receive the resultant transduced or
transformed cells. In particular, the isolated cells may be derived from
the peripheral blood lymphocytes and/or hematopoietic stem cells of the
subject. More in particular, the isolated cell may be at least one T cell
that innately expresses at least one CD4+ cell surface marker, at least one
CD8+ cell surface marker, both CD4+ and CD8+ marker or neither CD4+ nor
CD8+ cell surface markers. In particular, the cell according to the present
invention may be at least one T cell that also natively expresses at least
one TCR. The HBVreactive exogenous TCR may bind the same epitope as the
natively expressed TCR, and/or may bind a different epitope. In particular,
the HBV-reactiveexogenous TCR may be expressed in at least one cell in
which the TCR may be either not natively expressed or may be expressed at
levels that may be insufficient to induce response by the cell or responder
cell upon TCR Iigand binding. In particular, the isolated cell according to
the present invention may be transduced with two or more different
HBV-reactive exogenous TCRs, i.e., TCRs which bind to two or more different
HBV epitopes. HBV-exposed patients who have cleared their viral infections,
may provide excellent source of HBV-reactive T cells expressing high
affinity TCRs. In particular, HBV-epitope reactive TCRs may be prepared by
isolating at least one HBV-reactive T cell from at least one HBV-exposed
aviremic individual, and cloning the polynucleotide sequence encoding the
a- and b-chains of the TCR from the HBV reactive T cell. Once these
sequences have been cloned using standard methods known in the art, the
sequences may be delivered to at least one isolated cell and the isolated
cell may be incubated under conditions suitable for expression of the TCR
by the isolated cell. More in particular, the suitable conditions may
include standard cell culture conditions. When the TCR is expressed in
vitro or ex vivo, the cell expressing the TCR may be evaluated for
reactivity with HBV epitopes, among other parameters of interest, as known
in the art and as exemplified below. In some protocols, i.e., those wherein
the vector may be administered to at least one subject, the TCR may also be
expressed in vivo to provide a therapeutic effect in at least one subject
in need thereof, i.e., at least one subject with acute or chronic HBV
infection or HBVassociated condition. The HBV-reactive TCRs according to
the present invention may be functional in the isolated cell in which they
may be expressed. In particular, they may be functional heterodimers of a
and b TCR chains associated with a CD3 complex that recognizes at least one
HBV epitope in the context of at least one Class I or Class Il MHC
molecule. In humans, the MHC restriction of at least one epitope may be
dependent on at least one particular Human Leukocyte Antigen (HLA)expressed
by at least one cell presenting the antigen. HBV-reactive TCRs that may
recognize HBV epitopes restricted to any HLA type (i.e., HLA-A, HLA-B,
HLA-C, HLA-DPA1, HLA-DPB1 , HLA-DQA1 , HLA-DQB1 , HLA-DRA, and HLADRB1) may
be used in the present invention. For purposes of study, the HBVreactive
TCR may recognize at least one HBV epitope in the context of at least one
MHC molecule of at least one species other than human, e.g., H-2K of mouse.
In particular, the HBV-reactive TCR recognizes HBV epitopes that may be
HLAA2 restricted. Approximately 50% of the general population expresses the
MHC class I molecule HLA-A2, an HLA-A serotype. Therefore,
HLA-A2-restricted TCRs may find widespread therapeutic use. In particular,
the subtype may identify gene products of many HLA-A*02 alleles, comprising
HLA-A*0201 , *0202, *0203, *0206, and *0207 gene products. There may be
distinct differences in the subtypes between Caucasian and Asian
populations. Whereas more than 95% of the HLA-A2 positive Caucasian
population is HLAA0201 the HLA-A2 positive Chinese population may be broken
down into 23% HLA-A0201 ; 45% HLA-A0207; 8% HLA-A0206; 23% HLA-A0203. The
TCRs of the present invention may be HBV-epitope reactive. A list of known
immunoreactive HBV epitopes and their sequences may be found on page 233,
chapter 11 (The effect of pathogens on the immune system: Viral hepatitis)
of the book In immunodominance: The choice of the Immune System, J.A.
Frelinger, ed (Weinheim: Wiley-VCH) which is herein incorporated by
reference. The HBV epitope may comprise at least one core antigen, envelope
antigen, surface antigen and/or mutants thereof. In particular, the HBV
epitope may comprise at least one hepatitis B core antigen, and/or mutants
thereof. More in particular, the HBV epitope may comprise HBd 8-27, and/or
mutants thereof. The HBd 8-27 epitope may comprise "FLPSDFFPSV" (SEQ ID
NO:25) or mutants thereof. Furthermore, theHBd 8-27 epitope present in
genotype A and D which may comprise "FLPSDFFPSV" (SEQ ID NO: 25), which are
most prevalent in Europe, differs from HBd 8-27 epitope of genotypes B and
C which may comprise "FLPSDFFPSI" (SEQ ID NO: 26), which are most prevalent
in Asia. In particular, the HBV epitope may comprise at least one hepatitis
B envelope antigen, and/or mutants thereof. More in particular, the HBV
epitope may comprise HBs370-79, and/or mutants thereof. The HBs370-79
epitope may comprise "SIVSPFIPLL" (SEQ ID NO:56) or mutants thereof.
Furthermore, the HBs370-79 epitope present in genotype A and D which may
comprise "SIVSPFIPLL" (SEQ ID NO:56), which are most prevalent in Europe,
differs 



from HBs370-79 epitope of genotype B which may comprise "NILSPFMPLL" (SEQ
ID NO: 57), and epitope of genotype C which may comprise "NILNPFLPLL" (SEQ
ID NO: 58), which are most prevalent in Asia. In particular, the cell
according to the present invention may further comprise at least one second
HBV epitope-reactive exogenous TCR and/or fragment thereof, wherein the
second HBV-reactive exogenous TCR may be the same epitope as the first
epitope or different from the first HBV epitope. In particular, the second
HBV epitope may be HBs370-79 and the first epitope may be HBd 8-27. The
exogenous TCR may comprise at least one a-chain comprising at least one
amino acid sequence selected from the group consisting the sequences SEQ ID
NO:9, SEQ ID NO:10 and SEQ ID NO:1 1 and/or mutants thereof. In particular,
the exogenous TCR comprises at least one a-chain comprising the sequences
SEQ ID NO:9, SEQ ID NO:10 and SEQ ID NO:1 1. More in particular, the a-
chain comprises all three sequences, SEQ ID NO:9, SEQ ID NO:10 and SEQ ID
NO:1 1. The a-chain may comprise the sequences of SEQ ID NO:9, SEQ ID NO:10
and SEQ ID NO:1 1 consecutively. In particular, the a-chain may
consistessentially of the sequences SEQ ID NO:9, SEQ ID NO:10 and SEQ ID
NO:1 1. All sequences used in the present invention are given in Tables 1
and 2. The exogenous TCR may further comprise at least one b-chain
comprising at least one amino acid sequence selected from the group
consisting of the sequences SEQ ID NO:21 , SEQ ID NO:22 and SEQ ID NO:23
and/or mutants thereof. In particular, the b-chain may comprise all three
sequences, SEQ ID NO:21 , SEQ ID NO:22 and SEQ ID NO:23. In particular, the
b-chain may comprise the sequences of SEQ ID NO:21 , SEQ ID NO:22 and SEQ
ID NO:23 consecutively. More in particular, the b-chain may consist
essentially of the sequences SEQ ID NO:21 , SEQ ID NO:22 and SEQ ID NO:23.
In particular, the exogenous TCR may comprise at least one a-chain having
at least 80% amino acid identity to SEQ ID NO: 12 or a fragment thereof
and/ or at least one b-chain having at least 80% amino acid identity to SEQ
ID NO:24 or a fragment thereof. In particular, the a-chain and b-chain may
be at least about 85%, at least about 90%, or at least about 95% identical
to SEQ ID NO:12 and SEQ ID NO:24 respectively. More in particular, the
a-chain may comprise all sequences SEQ ID NO:9, SEQ ID NO:10 and SEQ ID
NO:1 1 and b-chain may comprise all sequences SEQ ID NO:21 , SEQ ID NO:22
and SEQ ID NO:23. The exogenous TCR may comprise at least one a-chain
comprising at least one amino acid sequence selected from the group
consisting the sequences SEQ ID NO:44, SEQ ID NO:45 and SEQ ID NO:46 and/or
mutants thereof. In particular, the exogenous TCR comprises at least one
a-chain comprising the sequences SEQ ID NO:44, SEQ ID NO:45 and SEQ ID
NO:46. More in particular, the a- chain comprises all three sequences, SEQ
ID NO:44, SEQ ID NO:45 and SEQ ID NO:46. The a-chain may comprise the
sequences of SEQ ID NO:44, SEQ ID NO:45 and SEQ ID NO:46 consecutively. In
particular, the a-chain may consist essentially of the sequences SEQ ID
NO:44, SEQ ID NO:45 and SEQ ID NO:46. All sequences used in the present
invention are given in Tables 1 and 2.The exogenous TCR may further
comprise at least one b-chain comprising at least one amino acid sequence
selected from the group consisting of the sequences SEQ ID NO:52, SEQ ID
NO:53 and SEQ ID NO:54 and/or mutants thereof. In particular, the b-chain
may comprise all three sequences, SEQ ID NO:52, SEQ ID NO:53 and SEQ ID
NO:54. In particular, the b-chain may comprise the sequences of SEQ ID
NO:52, SEQ ID NO:53 and SEQ ID NO:54 consecutively. More in particular, the
b-chain may consist essentially of the sequences SEQ ID NO:52, SEQ ID NO:53
and SEQ ID NO:54. In particular, the exogenous TCR may comprise at least
one a-chain having at least 80% amino acid identity to SEQ ID NO:47 or a
fragment thereof and/ or at least one b-chain having at least 80% amino
acid identity to SEQ ID NO:55 or a fragment thereof. In particular, the
a-chain and b-chain may be at least about 85%, at least about 90%, or at
least about 95% identical to SEQ ID NO:47 and SEQ ID NO:55 respectively.
More in particular, the a-chain may comprise all sequences SEQ ID NO:44,
SEQ ID NO:45 and SEQ ID NO:46 and b-chain may comprise all sequences SEQ ID
NO:52, SEQ ID NO:53 and SEQ ID NO:54. The sequences encoding the a-chain
and b-chain have been determined to be the amino acid sequence for at least
one productively rearranged a-chain and b-chain respectively of a TCR
reactive against HBV epitope HBd 8-27 and/or HBs370-79. More in particular,
the exogenous TCR reactive against HBV epitope HBd 8-27 may comprise at
least one a-chain of SEQ ID NO:12 and/ or at least one b- chain of SEQ ID
NO:24. Even more in particular, the exogenous TCR reactive against HBV
epitope HBd 8-27 may consists essentially of at least one a-chain of SEQ ID
NO:12 and at least one b-chain of SEQ ID NO:24. The exogenous TCR reactive
against HBV epitope HBd 8-27 may consists of at least one a- chain of SEQ
ID NO:12 and at least one b-chain of SEQ ID NO:24. In particular,the
exogenous TCR reactive against HBV epitope HBd 8-27 may consist of two
a-chains and two b-chains. More in particular, the exogenous TCR reactive
against HBV epitope HBs370- 79 may comprise at least one a-chain of SEQ ID
NO:47 and/ or at least one b- chain of SEQ ID NO:55. Even more in
particular, the exogenous TCR reactive 



against HBV epitope HBs370-79 may consists essentially of at least one a-
chain of SEQ ID NO:47 and at least one b-chain of SEQ ID NO:55. The
exogenous TCR reactive against HBV epitope HBs370-79 may consists of at
least one a-chain of SEQ ID NO:47 and at least one b-chain of SEQ ID NO:55.
In particular, the exogenous TCR reactive against HBV epitope HBs370-79 may
consist of two a-chains and two b-chains. Percentage identity may be
determined using the algorithm of Karlin and Altschul (Proc. Natl. Acad.
Sci. 87: 2264-68 (1990), modified Proc. Natl. Acad. Sci. 90: 5873-77
(1993)). Such algorithm is incorporated into the BLASTx program, which may
be used to obtain amino acid sequences homologous to a reference
polypeptide. The present invention may also encompass TCR a- or b- chains
having amino acid sequences including conservative amino acid
substitutions. Such substitutions are well known in the art. According to
another aspect, the present invention provides at least one isolated
polynucleotide comprising at least one sequence encoding at least one
a-chain and/or at least one sequence encoding at least one b-chain wherein,
the encoded a-chain and b-chain may be part of at least one HBV
epitopereactive TCR. In particular, the sequence encoding the a-chain
comprises at least one sequence selected from SEQ ID NO:1 and SEQ ID NO:5,
at least one sequence selected from SEQ ID NO:2 and SEQ ID NO:6 and at
least one sequence selected from SEQ ID NO:3 and SEQ ID NO:7 and/or the
sequence encoding the b-chain comprises at least one sequence selected from
SEQ IDNO: 13 and SEQ ID NO: 17, at least one sequence selected from SEQ ID
NO: 14 and SEQ ID NO:18 and at least one sequence selected from SEQ ID NO:1
5 and SEQ ID NO: 19. More in particular, the sequence encoding the a-chain
may comprise SEQ ID NO:5, SEQ ID NO:6 and SEQ ID NO:7 and/or the sequence
encoding the b-chain may comprise SEQ ID NO:1 7, SEQ ID NO:1 8 and SEQ ID
NO:19. In particular, the sequence encoding the a-chain of the HBc-18-27
epitopereactive TCR may have at least 80% sequence identity to SEQ ID NO:4
or SEQ ID NO:8 and/or the sequence encoding the b-chain of the HBc-18-27
epitopereactive exogenous TCR may have at least 80% sequence identity to
SEQ ID NO:16 or SEQ ID NO:20. In particular, the sequence(s) encoding the
a-chain and b-chain may be at least about 85%, at least about 90%, or at
least about 95% identical to SEQ ID NO:4 or SEQ ID NO:8 and SEQ ID NO:16 or
SEQ ID NO:20 respectively. More in particular, the sequence encoding the
a-chain may be selected from the group consisting of SEQ ID NO:4 and SEQ ID
NO:8, and/or the sequence encoding the b-chain may be selected from the
group consisting of SEQ ID NO:16 and SEQ ID NO:20. The HBc-18-27
epitopereactive exogenous TCR may comprise two a-chains encoded by the
sequence SEQ ID NO:8 and two b-chains encoded by SEQ ID NO:20. More in
particular, the a-chain and b-chain may be encoded by nucleotide sequences
that comprise the consecutive sequence shown in SEQ ID NO:4 or SEQ ID NO:8
and SEQ ID NO:16 or SEQ ID NO:20 respectively. Even more in particular, the
exogenous TCR may consists essentially of at least one a-chain encoded by
SEQ ID NO:4 or SEQ ID NO:8 and at least one b-chain encoded by SEQ ID NO:16
or SEQ ID NO:20. The exogenous TCR may consist of at least one a-chain
encoded by SEQ ID NO:4 or SEQ ID NO:8 and at least one b-chain encoded by
SEQ ID NO: 16 or SEQ ID NO:20. In particular, the exogenous TCR may consist
of two a-chains encoded by SEQ ID NO:4 or SEQ ID NO:8 and two b-chains
encoded by SEQ ID NO:16 or SEQ ID NO:20.In particular, the sequence
encoding the a-chain comprises SEQ ID NO:40, SEQ ID NO:41 and SEQ ID NO:42
and/or the sequence encoding the b-chain comprises SEQ ID NO:48, SEQ ID
NO:49, and SEQ ID NO:50. More in particular, the sequence encoding the
a-chain of the HBs370-79 epitope-reactive exogenous TCR may have at least
80% sequence identity to SEQ ID NO:43 and the b-chain of the HBs370-79
epitope-reactive exogenous T cell receptor has at least 80% sequence
identity to SEQ ID NO:51 . In particular, the sequence(s) encoding the
a-chain and b-chain may be at least about 85%, at least about 90%, or at
least about 95% identical to SEQ ID NO:43 and/or SEQ ID NO:51 respectively.
More in particular, the sequence encoding the a- chain may be SEQ ID NO:43
and SEQ ID NO:51 , and/or the sequence encoding the b-chain may be SEQ ID
NO:51 . The HBs370-79 epitope-reactive exogenous TCR may comprise two
a-chains encoded by the sequence SEQ ID NO:43 and two b-chains encoded by
SEQ ID NO:51 . More in particular, the a- chain and b-chain may be encoded
by nucleotide sequences that comprise the consecutive sequence shown in SEQ
ID NO:43 and SEQ ID NO:51 respectively. According to another aspect, the
present invention provides at least one isolated polypeptide encoded by the
polynucleotides of the present invention. According to still another
aspect, the present invention provides at least one isolated polypeptide
comprising at least one amino acid sequence selected from the group
consisting of SEQ ID NO:9, SEQ ID NO:10 and SEQ ID NO:1 1. In particular,
the polypeptide may have at least 80% amino acid identity to SEQ ID NO:12.
More in particular, the polypeptide may be at least about 85%, at least 



about 90%, or at least about 95% identical to SEQ ID NO:1 2. The present
invention also provides at least one isolated polypeptide comprising at
least one sequence selected from the group consisting of SEQ ID NO:44, SEQ
ID NO:45 and SEQ ID NO:46. In particular, the polypeptide mayhave at least
80% amino acid identity to SEQ ID NO:47. More in particular, the
polypeptide may be at least about 85%, at least about 90%, or at least
about 95% identical to SEQ ID NO:47. The polypeptide may further comprise
at least one sequence selected from the group consisting of SEQ ID NO:21 ,
SEQ ID NO:22 and SEQ ID NO:23. In particular, the further sequence may have
at least 80% amino acid identity to SEQ ID NO:24. More in particular, the
further sequence may be at least about 85%, at least about 90%, or at least
about 95% identical to SEQ ID NO:24. Even more in particular, the
polypeptide may comprise the consecutive sequence of amino acids shown in
SEQ ID NO:12 and SEQ ID NO:24 respectively. The polypeptide may further
comprise at least one sequence selected from the group consisting of SEQ ID
NO:52, SEQ ID NO:53 and SEQ ID NO:54. In particular, the further sequence
may have at least 80% amino acid identity to SEQ ID NO:55. More in
particular, the further sequence may be at least about 85%, at least about
90%, or at least about 95% identical to SEQ ID NO:55. Even more in
particular, the polypeptide may comprise the consecutive sequence of amino
acids shown in SEQ ID NO:47 and SEQ ID NO:55 respectively. The polypeptide
according to the present invention may be at least one HBV epitope-reactive
exogenous TCR. In particular, the polypeptide may be functionally
equivalent to a specifically exemplified TCR sequence that may have been
modified by single or multiple amino acid substitutions, by addition and/or
deletion of amino acids, or where one or more amino acids have been
chemically modified, but which nevertheless retains the binding specificity
and high affinity binding activity of the TCR protein of the present
invention to the HBV epitope. In particular, the HBV epitope may be HBd
8-27, HBs370-79 or a mutant thereof. More in particular, the polypeptide
may be at least one solubleTCR. Even more in particular, the soluble TCR
protein may lack the portions of the native cell-bound TCR and may be
stable in solution (i. e., it does not generally aggregate in solution when
handled as described herein and under standard conditions for protein
solutions). The soluble TCR may be prepared by any method known in the art.
Examples of processes that may be used to prepare the soluble TCR may
comprise but are not limited to constructing polymeric receptor chains in
which an immunoglobulin heavy chain variable region from at least one
phosphorylcholine-specific antibody may be substituted with TCR a and b
variable regions, introducing translational termination codons upstream of
the TCR transmembrane region or replacing the transmembrane domains of the
TCR a and b chain cDNAs with a signal for glycosylphosphatidyl inositol
(GPI) linkage from the carboxy terminus of the GPI linked protein Thy-1 .
The soluble TCR may be linked to at least one anti-viral drug. The
anti-viral drug may target HBV. For example, anti-viral drugs may comprise,
but are not limited to, adefovir dipivoxil, interferon alfa-2b, pegylated
interferon alfa-2a, lamivudine, entecavir, telbivudine and the like. In
particular, the soluble TCR may be linked to the anti-viral drugs to form
soluble TCR-drug conjugates by any means known in the art. The link may be
a chemical moiety comprising a covalent bond or a chain of atoms that
covalently attaches a soluble TCR to a drug moiety. Linkers may comprise a
divalent radical such as an alkylene, an arylene, a heteroarylene, moieties
such as: " (CR2)nO(CR2)n" ; repeating units of alkyloxy (e.g.
polyethylenoxy, PEG, polymethyleneoxy) and alkylamino (e.g.
polyethyleneamino, Jeffamine"); and diacid ester and amides including
succinate, succinamide, diglycolate, malonate, caproamide and the like.
According to one aspect, the present invention provides at least one
construct comprising the polynucleotide of the present invention operably
connected to atleast one promoter. The coding sequences for a- and b-
chains of the TCR may be operably connected to at least one promoter
functional in the isolated cell. Suitable promoters may be constitutive and
inducible promoters, and the selection of an appropriate promoter may be
well within the skill in the art. For example, suitable promoters may
comprise, but are not limited to, the retroviral LTR, the SV40 promoter,
the CMV promoter and cellular promoters (e.g., the b- actin promoter).
According to another aspect, the present invention provides at least one
vector comprising the construct according to the present invention or the
polynucleotide according to the present invention. In particular, the
vectors may comprise, but not limited to, lentiviral vectors, retroviral
vectors, adenoviral vectors, adeno-associated virus vectors and Herpes
Simplex Virus vectors. More in particular, retroviral vectors may be used
for delivery of the constructs either in vitro, ex vivo or in vivo, as
described in the examples. According to still another aspect, the present
invention provides at least one T cell comprising the vector, the construct
or the polypeptide according to the present invention. 



According to one aspect, the present invention provides at least one method
of preparing at least one T cell comprising at least one HBV
epitope-reactive exogenous TCR for delivery to at least one subject
comprising transducing at least one T cell isolated from the subject with
the construct of and/or the vector of the present invention. Constructs and
vectors according to the present invention may be delivered to cells in
vitro, ex vivo or in vivo using any number of methods known to those of
skill in the art. For example, if the cells are in vitro or ex vivo, they
may be transformed or transduced according to standard protocols, e.g.,
those described in Molecular Cloning: A Laboratory Manual, 3d ed., Sambrook
and Russell, CSHL Press (2001 ) , incorporated herein by reference.
Examples of methods may comprise but are not limited to, the CaCI2chemical
method, electroporation and the like. In particular, the constructs
according to the present invention may be delivered into the cells in vivo.
Suitable methods of delivery of polynucleotide constructs are known in the
art, and may comprise but are not limited to, viral vectors, nanoparticles,
gold particles, lipoplexes and/or polyplexes. According to another aspect,
the present invention provides at least one method of preparing at least
one HBV epitope-reactive exogenous TCR comprising: (a) isolating at least
one HBV-epitope reactive T cell from at least one HBV-exposed individual
that resolved HBV infection; (b) cloning at least one polynucleotide
sequence encoding at least one a- and/or b-chain of at least one TCR from
the HBV-epitope reactive T cell of step (a); (c) delivering the
polynucleotide sequence of step (b) to at least one cell; and (d)
incubating the cell under conditions suitable for expression of the HBV
epitope-reactive exogenous T cell receptor by the cell. In particular, the
HBV-epitope reactive T cell of step (a) mentioned above may be HBd 8-27
epitope reactive and/or HBs370-79 reactive. According to one aspect, the
present invention provides at least one cell, at least one vector and/or at
least one polypeptide according to all aspects of the present invention,
for use in the treatment of HBV infection and/or HBV-related hepatocellular
carcinoma. According to another aspect, the present invention provides at
least one method of treating HBV and/or inhibiting reactivation of HBV in
at least one subject comprising administering to the subject at least one
immunotherapeuticallyeffective amount of cells, at least one vector and/or
at least one polypeptide according to any aspect of the present invention.
A further possible application of the HBV-TCR redirected approach is in
patients with hepatocellular carcinoma (HCC). Chronic infection with HBV is
the most important risk factor for the development of this liver tumour and
integration of HBV-DNA into hepatocytes frequently occurs in tumour
transformed cells. The therapy of HCC by conventional chemotherapy,
radiation or surgical resection presents severe limitations. HBV-specific T
cells have the potential to recognize and kill HCC cells expressing HBV
antigens and adoptive transfer of HBV-TCRredirected T cells may have the
potential to obtain regression of HCC. Such results were obtained in
nasopharyngeal carcinoma, a tumour expressing an Epstein-Barr Virus (EBV)
protein, where infusion of EBV-specific CD8+ cells showed promising
results. Vectors comprising polynucleotides encoding TCRs, and/or cells
comprising at least one HBV-epitope reactive TCR may thus be useful in the
treatment of HCC. Accordingly, the present invention provides at least one
method of treating HBV-related hepatocellular carcinoma in at least one
subject comprising administering to the subject at least one
immunotherapeutically effective amount of cells, at least one vector and/or
at least one polypeptide according to any aspect of the present invention.
Vectors comprising polynucleotides encoding TCRs, and/or cells comprising
at least one HBV-epitope reactive TCR prepared as described above, may be
suitably administered to a subject to treat acute or chronic HBV infection
or conditions (including, e.g., hepatocellular carcinoma) in the subject.
The cells expressing HBV-epitope reactive TCRs, vectors comprising
polynucleotides encoding HBV-epitope reactive TCR and/or the polypeptide
encoding the HBV-epitope reactive TCR may be prophylactically administered
to at least one subject to inhibit reactivation of HBV infection. In
particular,vectors of the invention may be administered to cells from at
least one subject ex vivo. More in particular, modes of administration of
polynucleotide and/or viral vectors will be those that specifically and/or
predominantly deliver the TCR coding sequences to T cells and/or
hematopoietic stem cells. In the case of a retroviral vector, it may be
anticipated that suitable dosages will range from about 0.1 mg/106 cells to
about 10 mg/106 cells, such as in the range from about 1 mg/106 cells to
about 5 mg/106 cells. More in particular, such dosages may prevent or
reduce HBV-related symptoms at least 50% compared to pretreatment symptoms
or compared to a suitable control. Treatment with at least one retroviral
vector according to the present invention may palliate or alleviate HBV
infection and/or at least one associated condition, and/or may reduce
incidence of progression to chronic HBV-associated conditions, without
providing a cure. In particular, treatment may be used to cure or prevent
an 



acute or chronic HBV infection or an associated condition, including
hepatocellular carcinoma. In particular, the quantity of cells that make up
the immunotherapeutically effective amount of cells to be administered
depends on the subject to be treated. This may be dependent on but not
limited to, the capacity of the individual's immune system to mount
TCR-mediated immune response, the age, sex and weight of the patient and
the severity of the condition being treated. The number of variables in
regard to at least one individual's prophylactic or treatment regimen may
be large, and a considerable range of doses may be expected. In particular,
cells may be administered in at least one amount from 5 x 105 cells/kg body
weight to 1 x 1010 cells/kg body weight. More in particular, 5 x 106
cells/kg body weight to 1 x 108 cells/kg body weight may be administered.
The maximal dosage of cells and/or viral vector to be administered to the
subject may be the highest dosage that does not cause undesirable and/or
intolerable side effects. Suitable regimens for initialadministration and
additional treatments may also be contemplated and may be determined
according to conventional protocols. According to another aspect, the
present invention provides at least one use of at least one cell, at least
one vector according and/or at least one polypeptide according to any
aspect of the present invention in the preparation of a medicament for
treating HBV infection and/or HBV-related hepatocellular carcinoma.
Suitable solid or liquid medicament preparation forms may be, for example,
granules, powders, tablets, coated tablets, (micro) capsules,
suppositories, syrups, emulsions, suspensions, creams, aerosols, drops or
injectable solutions in ampule form and also preparations with protracted
release of active compounds, in whose preparation excipients and additives
and/or auxiliaries such as disintegrants, binders, coating agents, swelling
agents, lubricants, flavourings, sweeteners or solubilizers are customarily
used as described above. The medicaments may be suitable for use in a
variety of drug delivery systems. According to one aspect, the present
invention provides at least one in vitro method for diagnosing at least one
subject that is able to resolve HBV infection, the method comprising: (a)
providing at least one sample from at least one subject; (b) detecting the
presence of at least one polynucleotide comprising, substantially
consisting of or consisting of at least one nucleic acid sequence selected
from SEQ ID NO: 4, SEQ ID NO: 8 , SEQ ID NO: 16 and SEQ ID NO: 20, SEQ ID
NO: 43, SEQ ID NO: 5 1, a homologue and/or a fragment thereof; and/or (c)
detecting the presence of at least one polypeptide comprising,
substantially consisting of or consisting of the amino acid sequence ofSEQ
ID NO: 12, SEQ ID NO: 24, SEQ ID NO: 47, SEQ ID NO: 55, a homologue and/or
a fragment thereof; wherein the presence of the polynucleotide and/or the
polypeptide is indicative of the subject being able to resolve the HBV
infection. According to yet another aspect, the present invention provides
at least one in vitro method for diagnosing at least one subject as having
or as being at risk of having HBV infections and/or HBV related
hepatocellular carcinoma, the method comprising: (a) providing at least one
sample from at least one subject; (b) detecting the presence of at least
one polynucleotide comprising, substantially consisting of or consisting of
at least one nucleic acid sequence selected from SEQ ID NO: 4, SEQ ID NO:
8, SEQ ID NO: 16 and SEQ ID NO: 20, SEQ ID NO: 43, SEQ ID NO: 5 1, a
homologue and/or a fragment thereof; and/or (c) detecting the presence of
at least one polypeptide comprising, substantially consisting of or
consisting of the amino acid sequence of SEQ ID NO: 12, SEQ ID NO: 24, SEQ
ID NO: 47, SEQ ID NO: 55, a homologue and/or a fragment thereof; wherein
the absence of the polynucleotide and/or the polypeptide correlates with
the likelihood of the subject as having or as being at risk for having
HBVinfection and/or HBV-related hepatocellular carcinoma. In particular,
the test sample may be urine, blood, serum, sweat, and/or oral fluid
samples. More in particular, the presence of at least one polynucleotide
and/or polypeptide of the present invention may be determined using several
methods known in the art. Some of the methods may comprise, but are
notlimited to, real time PCR, flow cytometry, PCR and/or geometric mean
fluorescence intensity (MFI). According to still another aspect, the
present invention provides at least one kit for detecting and/or treatment
of HBV infection and/or HBV-related hepatocellular carcinoma, the kit
comprising at least one cell, at least one vector and/or at least one
polypeptide according to any aspect of the present invention. In
particular, the kit may comprise at least one manual providing instruction
on how to use the kit.INFRASTRUCTURE ASSISTED DISCOVERY INAWIRELESS
PEER-TO-PEER NETWORK BACKGROUND 



Field [0001] The present disclosure relates generally to wireless
communications within unplanned user deployable networks, and more
specifically, to infrastructure assisted discovery procedures in
peer-to-peer wireless networks. Background [0002] Peer-to-peer ("P2P")
networks are commonly used for connecting nodes via adhoc connections.
These networks differ from the traditional client-server model where
communications are usually with a central server. A peer-to-peer network
may consist solely of peer nodes that communicate directly with one
another, or may include a small number of servers to provide various
services to the nodes in the network. These networks are useful for
efficiently sharing files, media streaming, telephony, real time data
applications, and other communications. [0003] In peer-to-peer networks
supporting mobile nodes, various discovery and acquisition procedures are
employed as the nodes move throughout the coverage region of the network.
The process of discovering nodes in the network generally begins with the
broadcast of a discovery signal. If a node detects a discovery signal from
another node, it may initiate an acquisition procedure to set up a
communication session using paging and access mechanisms defined by the
network. [0004] In order to conserve battery power, nodes typically do not
continuously broadcast a discovery signal. Instead, the node remains in a
low power state, or sleep mode, most of the time and wakes up periodically
to broadcast a discovery signal. This procedure has been moderately
successful in reducing power consumption for a node in a non-communicative
state. However, there still may be times where the node is consuming excess
power. By way of example, a node that periodically broadcasts a discovery
signal when it is out of the coverage region of the network is
unnecessarily consuming power. Accordingly, there is a need in the art to
improve the way discoveryis managed in peer-to-peer networks. These
improvements should be applicable to other networks as well. SUMMARY [0005]
In an aspect of the disclosure, an apparatus for wireless communications
includes a processing system configured to a processing system configured
to support discovery for a remote node. [0006] In another aspect of the
disclosure, an apparatus for wireless communications includes a processing
system configured to use a remote node for discovery. [0007] In yet another
aspect of the disclosure, a method for wireless communications from an
apparatus includes supporting discovery for a remote node. [0008] In a
further aspect of the disclosure, a method for wireless communications
includes a processing system configured to use a remote node for discovery.
[0009] In yet a further aspect of the disclosure, an apparatus for wireless
communications includes means for connecting to a remote node, and means
for supporting discovery for the remote node. [0010] In another aspect of
the disclosure, an apparatus for wireless communications includes means for
connecting to a remote node, and means for using the remote node for
discovery. [0011] In yet another aspect of the disclosure, an access point
includes a wireless interface configured to support a backhaul connection
for an access terminal, and a processing system configured to support the
wireless interface, the processing system being further configured to
support discovery for the access terminal. [0012] In a further aspect of
the disclosure, an access terminal includes a processing system configured
to use an access point for discovery, and a user interface supported by the
processing system. [0013] In yet a further aspect of the disclosure, a
computer-program product for communication includes a machine -readable
medium comprising instructions executable by a processing system to support
discovery for a remote node. [0014] In another aspect of the disclosure, a
computer-program product for communication includes a machine -readable
medium comprising instructions executable by a processing system to use a
remote node for discovery.BRIEF DESCRIPTION OF THE DRAWINGS [0015] Various
aspects of a communications system are illustrated by way of example, and
not by way of limitation, in the accompanying drawings, where like
reference numerals may be used to denote like features throughout the
specification and drawings, wherein: [0016] FIG. 1 is a conceptual diagram
illustrating an example of a peer-to-peer wireless network; [0017] FIG. 2
is a conceptual diagram illustrating another example of a peer-to-peer
wireless network; [0018] FIG. 3 is a conceptual diagram illustrating yet
another example of a peer-to-peer wireless network; [0019] FIG. 4 is a
conceptual diagram illustrating an example of a call flow for a node
assisting another node with discovery in a peer-to-peer wireless network;
[0020] FIG. 5 is a timing diagram illustrating an example of a discovery
procedure that may be implemented by a node; [0021] FIG. 6 is a conceptual
diagram illustrating an example of a peer-to-peer wireless network
supporting infrastructure assisted discovery; [0022] FIG. 7 is a state
diagram illustrating an example of a discovery procedure implemented by a
node a peer-to-peer wireless network; 



[0023] FIG. 8 is a block diagram illustrating an example of the
functionality of a node; and [0024] FIG. 9A is a block diagram illustrating
an example of the functionality of a processing system; and [0025] FIG. 9B
is a block diagram illustrating another example of the functionality of a
processing system. [0026] In accordance with common practice, the various
features illustrated in the drawings are intended as a description of
various aspects of networks and networkrelated entities and is not intended
to represent the only aspects within the scope of the claims. The drawings
may include specific details for the purpose of providing a thorough
understanding of a network or network-related entity, however, various
aspects of the described networks and network-related entities may be
implemented without these specific details. In some instances, well-known
structures andcomponents are shown in block diagram form in order to avoid
obscuring various concepts described throughout this disclosure. DETAILED
DESCRIPTION [0027] Various aspects of one or more methods and apparatuses
are described below. It should be apparent that the teachings herein may be
embodied in a wide variety of forms and that any specific structure,
function, or both being disclosed herein is merely representative. Based on
the teachings herein one skilled in the art should appreciate that an
aspect disclosed herein may be implemented independently of any other
aspects and that two or more of these aspects may be combined in various
ways. For example, an apparatus may be implemented or a method may be
practiced using any number of the aspects set forth herein. In addition,
such an apparatus may be implemented or such a method may be practiced
using other structure, functionality, or structure and functionality in
addition to or other than one or more of the aspects set forth herein. An
aspect of any apparatus or method described throughout this disclosure may
include a single element of any claim and/or any combination of elements in
one or more claims. [0028] In the following detailed description, various
aspects of one or more methods and apparatuses will be described in the
context of peer-to-peer wireless networks. However, as those skilled in the
art will readily appreciate, the various aspects presented throughout this
disclosure may be extended to a broad array of networks and communication
protocols. Accordingly, any reference to a peer-to-peer wireless network is
intended only to illustrate various aspects of a network, with the
understanding that such aspects have a wide range of applications. [0029]
FIG. 1 is a conceptual diagram illustrating an example of a peer-to-peer
wireless network. The network 100 is shown with a number of nodes 102, each
which may be configured in various fashions. By way of example, a node 102
may be configured as a laptop computer, a mobile telephone, a personal
digital assistant (PDA), a digital audio player, a game console, a digital
camera, a digital camcorder, a multimedia device, or any other suitable
device capable of supporting a peer-to-peer connection with other nodes 102
in the network 100. The node 102 may be referred to by those skilled in the
art as an access terminal, handset, wireless communications device, user
terminal, user equipment, mobile station, mobile unit, subscriber unit,
subscriber station, mobile radio, radio telephone, wireless station,
wireless device, or some other terminology. Thevarious concepts described
throughout this disclosure are intended to apply to all nodes regardless of
their specific nomenclature. [0030] In this example, the peer-to-peer
network 100 is a self-configuring network of nodes 102 connected by
wireless links, which together forms an arbitrary wireless topology. A node
102 may take advantage of the wireless topology to support a connection
with a peer in the network 100, either directly or through one or more
intermediates nodes. In the latter case, data is routed from one node to
another until the data reaches its destination. Since the nodes are free to
move throughout the coverage region, the wireless topology may change
rapidly. Consequently, the peer-to-peer network is dynamically
reconfigurable to maintain the connection as the nodes move throughout the
coverage region. [0031] FIG. 2 is a conceptual diagram illustrating another
example of a peer-to-peer wireless network. In this example, the network
200 includes several infrastructure nodes 204, which are shown as
fixed-site transceiver stations but may be implemented as mobile nodes in
other configurations. An infrastructure node 204 may be referred to by
those skilled in the art as an access point, relay point, NodeB, radio
network controller (RNC), eNodeB, base station controller (BSC), base
transceiver station (BTS), base station (BS), transceiver function (TF),
radio router, radio transceiver, basic service set (BSS), extended service
set (ESS), radio base station (RBS), or some other suitable terminology.
[0032] A node 202 may connect to an infrastructure node 204, or any other
node in the network 200, either directly or through one or more
intermediate nodes. Like the examples described earlier, the wireless
topology is dynamically reconfigurable to maintain the connection as the
nodes 202 move throughout the coverage region and the loading on the
infrastructure nodes 204 changes. In one configuration of the network 200,
the infrastructure nodes 204 may be distributed throughout a wireless wide
area network (WWAN), such as might be the case in a network employing
Wi-Max, Evolution-Data Optimized (EV-DO), Ultra Mobile Broadband (UMB), or
some other suitable wireless standard. In another configuration of the
network 200, the infrastructure nodes 204 may be distributed throughout a
wireless local area network (WLAN) in a home, office building, airport,
hotel, coffee shop, or other suitable private 



or public locale. In this example, an infrastructure node 204 may be used
as an access point to a WLAN, such as and by way of example, a Wi-Fi
network.[0033] The geographic reach of the peer-to-peer network 300 may be
extended through a wide area network (WAN) such as the Internet or the
like. An example of this peerto- peer wireless network is shown in FIG. 3.
In this configuration, any combination of nodes 302 and infrastructure
nodes 304 may provide a wireless backhaul to the WAN 306 for other nodes
302. A single infrastructure node 304 may provide an access point to the
WAN 306 through a wired connection as shown in FIG. 3, or alternatively,
any number of infrastructure nodes 304 may have a wired or wireless
connection to the WAN 306. The wireless topology is dynamically
reconfigurable to maintain a connection between two nodes in the WAN 306 as
those nodes, as well as others, move throughout the coverage region and the
loading on the infrastructure nodes 304 varies. [0034] When a node in one
of the various network configurations described thus far, or some other
suitable network configuration, initially comes on line, it attempts to
discover other peers through a discovery procedure. The discovery procedure
utilized by a node will depend on the type of peer connection that it
wishes to establish. By way of example, the node may wish to have an
anonymous connection with a peer. In this example, the node does not
broadcast a discovery signal, thereby making its presence in the
neighborhood anonymous. Instead, it attempts to join the network by
decoding a reference signal, such as a beacon, from an infrastructure node
(see FIGS. 2 and 3), or some other node or network-related entity. Once the
node decodes the reference signal, it may register with the network by
informing a network-related entity, such as a mobility agent, of its
whereabouts so that it can be paged when another node in the network is
attempting to establish a connection with it. [0035] The discovery
procedure utilized by the node may also support a peer connection with a
fixed set of nodes. This discovery procedure may be well suited for a
personal area network (PAN) comprising a collection of nodes owned by an
individual. These nodes may include, by way of example, a laptop computer,
a cellular phone, a headset, a microphone, a medical device, a biometric
sensor, a heart rate monitor, a pedometer, an EKG device, a user I/O
device, a watch, a remote control, a switch, a point-of-sale device, a
hearing aid, a set-top box, etc. In this example, the identity of each node
is known, apriori, by the other nodes via a list stored in the memory of
each, or other means. In the case of a list, an in-band mechanism may be
used to form the list. [0036] When attempting to discover peers from this
fixed set, a node listens for a discovery signal from its peers. A
discovery signal received by the node from a peermay include a message that
contains one or more attributes of the peer (e.g., a peer identifier). The
node may then compare the message to a list of peers stored in memory to
determine whether the peer belongs to the fixed set of nodes. If the node
determines that the peer is contained in the list, the node may attempt to
connect to the peer. [0037] The node may also utilize a discovery procedure
to support a peer connection with a specific type of peer where the
identity of the peer is not known, a priori. This procedure may be well
suited for a node that wishes to connect to a peer in a specific group,
which might be the case when a node seeks local services like gaming,
dating, shopping, etc. In this case, a message containing one or more
attributes of peers (e.g., a group association identifier) may be included
in the discovery signal broadcast by the peer. Alternatively, a
network-related entity such as a server may provide assistance during the
discovery procedure. In this configuration, the node may provide a message
to a server which includes its location and the various attributes relating
to the group association. The peer may determine its location using Global
Positioning Systems (GPS), through other nodes that it is connected to, or
by some other means. The server, in response to this message, may send
information to the node which identifies nearby peers supporting the group
association identified by the node. Preferably, the discovery procedure is
configured to support a node which is a member of many groups
simultaneously. [0038] A discovery procedure may also be utilized that
allows a node to connect with any other peer (i.e., no restricted
association requirement). With this procedure, the node listens for
discovery signals. If the node detects a discovery signal from a peer, it
may attempt to establish a connection with it. [0039] In at least one
configuration of a peer-to-peer network, or other suitable network
arrangement, a node may use another node to assist it with discovery. An
example will now be presented with reference to FIG. 4, which illustrates a
call flow between two nodes. In this example, an infrastructure node is
assisting another node with discovery. However, as those skilled in the art
will readily appreciate, the various concepts described in this example may
be extended to any node assisting any other node in the peer-to-peer
wireless network with discovery. [0040] The following example may be useful
when a node desires to conserve battery power during the discovery
procedure by using an infrastructure node to broadcast its discovery signal
and/or detect discovery signals from peers. Referring to FIG. 4, thenode
first attempts to discover an infrastructure node by decoding a reference
signal broadcast from the infrastructure node as shown by arrow 402. Once
the peer node discovers the infrastructure node, it may then decode an
overhead channel to learn the capabilities of the infrastructure node as
shown by arrow 404. The overhead channel may provide various information
including whether the infrastructure node supports discovery on behalf of
another node. Assuming the infrastructure node supports discovery, the node
may connect to the infrastructure node by requesting access to the
infrastructure node for that purpose as shown by arrow 406. The
infrastructure node may respond with an access grant as shown by arrow 408.
In response to the access 



grant, the node may communicate various attributes over a reverse link
traffic channel (i.e., a traffic channel that supports a transmission from
the peer node to the infrastructure node) as shown by arrow 410. These
attributes may include, by way of example, a globally unique node
identifier or some other identifier, a peer identifier (e.g., buddy list),
group memberships, and/or any other information that is relevant to
discovery. [0041] Once this information is received, the infrastructure
node may assist the node with discovery as shown by block 412. The manner
in which this assistance takes place may vary. By way of example, the
infrastructure node may broadcast the discovery signal for the node and the
node may, on its own, listen for discovery signals from other nodes. In
this example, the discovery may include information indicating that the
infrastructure node is assisting the node with discovery (e.g., by setting
a bit in the discovery signal broadcast by the infrastructure node).
Alternatively, the node may broadcast its own discovery signal and allow
the infrastructure node to listen for discovery signals from peers. Maximum
assistance may be provided to the node when the infrastructure node both
broadcasts the discovery signal for the node and listens for discovery
signals from peers. [0042] In at least one configuration of a peer-to-peer
network, the infrastructure node may assume only a portion of the discovery
for the node. By way of example, the node may broadcast the discovery
signal some of the time and the infrastructure node may broadcast the
discovery signal at other times. Similarly, the node may listen for
discovery signal from peers some of the time and the infrastructure node
may listen for discovery signals from peers at other times. Various
configurations may be deployed where any combination of infrastructure
assisted discovery procedures discussed thusfar, and readily apparent to
those skilled in the art from this disclosure, may be implemented. By way
of example, the infrastructure node may broadcast the discovery signal
while the responsibility for listening for discovery signals is split
between the node and infrastructure node. This may be a static condition
that is application specific, or alternatively, may be dynamically
reconfigurable depending on channel conditions and other factors. As an
example of the latter, the infrastructure node, while broadcasting
discovery signals on behalf of the node, may later take on responsibility
for listening to discovery signals from peers due to a change in channel
conditions, a change in loading on the infrastructure node, or for some
other reason. [0043] Once an infrastructure node begins assisting another
node with discovery, various mechanisms may be employed by the
infrastructure node to monitor the whereabouts of the node. These
mechanisms allow the infrastructure node to terminate discovery on behalf
of the node when the node, by way of example, moves out of the coverage
region of the infrastructure node. In at least one configuration of a
peer-topeer network, the infrastructure node maintains a timer as shown by
block 414. The timer is restarted every time a keep-alive signal is
received by the infrastructure node as shown by arrow 416. In this
configuration, the node transmits a series of keep-alive signals to notify
the infrastructure node that it still requires infrastructure assisted
discovery. The keep-alive signals may be in the form of a broadcast of one
or more discovery signals by the node, a transmission directed to the
infrastructure node (e.g., accessing the infrastructure node, sending
signals on a control channel, etc.), or some other type of signaling or
communications. To conserve battery life, the node may go to sleep during
all or a portion of the time between keep-alive signals. The infrastructure
node stops assisting the node with discovery if the timer expires before a
keep-alive signal is received as shown by block 418. [0044] In the case
where the infrastructure node is listening for discovery signals from peers
on behalf of a node in the peer-to-peer network, it may notify the node
upon discovering a peer. Similarly, the infrastructure node may notify the
node if a peer of interest attempts to connect to the infrastructure node.
The notification may take the form of a page or some other signaling. In
response to the notification, an icon may appear on the display of the node
indicating the presence of the peer, or a map may be presented to the
display showing the peer. The node may then establish a connectionwith the
peer, either directly, through the infrastructure node, or through one or
more intermediate nodes (i.e., a multi-hop connection) [0045] As those
skilled in the art will readily appreciate, a node may be configured to
support one or more of the discovery procedures discussed above. The node
may also be configured to support additional discovery procedures, either
instead of or in addition to, the ones described above, as well as other
procedures such as paging, transmitting broadcast messages, etc. [0046]
FIG. 5 is a timing diagram illustrating an example of a discovery procedure
that may be implemented by a node. In this example, the node supports a
series of discovery signals 502 spaced apart in time by silent periods 504.
The discovery signal may be a packet broadcast over a common or dedicated
channel. The packet may contain a preamble comprising a pseudo-random
number (PN), or multiple repetitions thereof, that is known, a priori, by
all nodes in the network. During the silent periods 504, or any portion
thereof, the node may also listen for discovery signals from peers. If the
node detects a discovery signal from a peer, a connection may be
established. In the case where the peer associates with only a fixed set of
nodes, information in the discovery signal, or information provided by a
server, may be used by the node to determine whether to establish a
communications session. The discovery signals broadcast by the nodes may be
synchronous or asynchronous, may use frequency or time reuse, and may be
sent using code division multiple access (CDMA), orthogonal 



frequency division multiple access (OFDMA), or other suitable technologies
used to support an air interface in a wireless telecommunications system.
[0047] To conserve battery power, the duration of the silent periods 504
may be varied depending on the current operating mode and/or environment.
By way of example, the duration of the silent periods 504 may be increased
when the battery in the peer node is fully charged and decreased when the
battery is low. As another example, the duration of the silent periods 504
may be increased when the transmission power is high and decreased when the
transmission power is low. [0048] In some configurations of a node, the
duration of the silent periods 504 may be changed based on the peers within
radio range. By way of example, the silent periods 504 may be relatively
long when the node is outside the radio range of any peers that it is
authorized to communicate with. In this example, the silent periods 504 may
be decreased as the node moves into radio range with one or more peer nodes
to facilitatean active search. This generally requires that the node know
where its peers are located relative to it, and therefore, is primarily
applicable to infrastructure assisted discovery which will now be described
in connection with FIG. 5. [0049] FIG. 6 is a conceptual diagram
illustrating an example of a peer-to-peer wireless network 600 supporting
infrastructure assisted discovery. In this example, a node 602 registers
with a discovery server 608. The discovery server 608 may be dependant on
the type of services required by the node 602. By way of example, a node
602 seeking a connection to a peer in a specific group to access local
services such as gaming, dating, shopping, etc., may access a specific
server configured to support these services. Alternatively, a single server
may be used. In the latter configuration, the peer 602 may send a profile
which includes the types of services it requires when registering with the
server 608. [0050] The registration procedure may be implemented in various
ways. By way of example, the node 602 may send a registration message to
the server 608, which includes its location. Using the node's location
contained in the registration message, the server 608 may respond by
sending a list of peers in the vicinity of the node 602. The node 602 may
query the server 608 to update its list as either it or its peers move
throughout the network 600. In at least one configuration of a wireless
peer-to-peer network, the list may also be updated when one or more peers
move into or out of the vicinity of the node. [0051] Returning to FIG. 5,
the node may have relatively long silent periods when it is not in radio
range with any peers that it is authorized to communicate with. In this
mode, the node should broadcast a discovery signal only when it has a peer
in its vicinity that it has not yet discovered, or the infrastructure
assisted discovery is unreliable or unavailable. As the node moves into
radio range with one or more peers, it may begin to actively search by
decreasing the silent periods. Once the node discovers a peer node to
connect with, it may then increase the duration of the silent periods.
Alternatively, the node may be configured to increase the duration of the
silent periods only after it discovers all peers in its network. In some
configurations, the node may cease broadcasting a discovery signal all
together, but it may be desirable to maintain discovery signal broadcasts
separated by long silent periods to notify the peers that it has not moved
out of radio range.[0052] The change in the duration of the silent periods
from discovery signal to discovery signal may be fixed or variable. In the
latter case, the silent periods may become progressively shorter once the
peer node moves into radio range with the peer nodes. The silent periods
may be progressively shortened on a random basis, or alternatively, in
accordance with a linear, polynomial, or exponential function, or some
other function. [0053] FIG. 7 is a state diagram illustrating an example of
a discovery procedure implemented by a node in a peer-to-peer wireless
network. Each state defines a different periodicity for broadcasting
discovery signals. [0054] In this example, the node is in a first state 702
when no peers are in the vicinity. In this state, the discovery signal is
sent out infrequently. The node may periodically send its location to a
server via a registration message. A registration reply, or other message,
may be sent back to the node identifying any peers in the vicinity. If
there are no peers in the vicinity, then the node remains in the first
state 702. If, on the other hand, the server indentifies one or more peers
in the vicinity, the node enters a second state 704 where the frequency of
the discovery signal is increased to actively search for the peers. [0055]
While the node is in the second state 704, it continues to periodically
register with the server. If a registration reply is received from the
server which indicates that there are no longer any peers in the vicinity,
the node returns to the first state 702. Conversely, if the node is able to
discover all of the peers identified in the registration reply from the
server, it enters into a third state 706 where the frequency of the
discovery signal is reduced. Should one or more peers be lost, or an
undiscovered peer identified in a subsequent registration reply, then the
node returns to the second state 704 to actively search by increasing the
frequency of the discovery signal. Alternatively, instead of registering
with the server periodically, the server may push the information to the
node in the event that a peer enters or leaves the vicinity. [0056] FIG. 8
is a block diagram illustrating an example of the functionality of a node.
The following description of a node 800 is informative in nature and
broadly defines the functionality of each block. Only the functionality
pertinent to various concepts disclosed herein will be described. Those
skilled in the art will recognize that these 



functional blocks can provide other functionality that is not described
herein. In thisexample, the node 800 includes at least two functional
blocks: a wireless interface 802 and a processing system 804. [0057] The
wireless interface 802 may be configured as a transceiver that provides
both a transmitting and receiving function. The transmitting function
includes modulating a carrier with data. The receiving function includes
demodulating a carrier to recover data. The wireless interface 802 may also
provide various other functions, such as RF front-end processing,
analog/digital conversion, timing and frequency estimation, channel
estimation, turbo coding etc. In summary, the wireless interface 802 may be
configured to provide the complete physical layer implementation of the
node 800. [0058] The processing system 804, either alone or in combination
with other entities in the node 800, may be configured to implement all
functionality above the physical layer. Alternatively, the processing
system 804 may also implement all or part of the physical layer. In the
most general terms, the processing system 804 is configured to use the
transmitting and receiving functions of the wireless interface 802 to
support communications. In one aspect of a node 800, the processing system
804 may be configured to support discovery for a remote node. In another
aspect of a node 800, the processing system 804 may be configured to use a
remote node for its own discovery. [0059] The node 800 may function as an
access terminal, access point, relay point, or any combination thereof. A
node 800 that functions as an access terminal may include a user interface
806. The user interface 806 may include a display, keypad, speaker,
microphone, and/or any other suitable interface that enables a user to
operate the access terminal. The user interface 806 is used to control the
data that is transmitted and received by the processing system 804 over a
wireless uplink connection maintained by the wireless interface 802. [0060]
A node 800 that functions as an access point includes a wireless interface
802 that is capable of maintaining any suitable number of wireless downlink
connections with access terminals and/or relay points, as well as maintain
one or more uplink connections to support the backhaul. The uplink
connection may be wired or wireless. By way of example, the access point
may support a wireless uplink connection to a relay point and a wired
uplink connection to another network (e.g., the Internet). [0061] The
processing system 804 may be implemented using software, hardware, or a
combination of both. By way of example, a processing system may be
implemented with one or more integrated circuits (IC). An IC may comprise a
general purposeprocessor, a digital signal processor (DSP), an application
specific integrated circuit (ASIC), a field programmable gate array (FPGA)
or other programmable logic device, discrete gate or transistor logic,
discrete hardware components, electrical components, optical components,
mechanical components, or any combination thereof designed to perform the
functions described herein, and may execute codes or instructions that
reside within the IC, outside of the IC, or both. A general purpose
processor may be a microprocessor, but in the alternative, the general
purpose processor may be any conventional processor, controller,
microcontroller, or state machine. A processing system may also be
implemented as a combination of computing devices, e.g., a combination of a
DSP and a microprocessor, a plurality of microprocessors, one or more
microprocessors in conjunction with a DSP core, or any other such
configuration. [0062] The code or instructions may be embodied in one or
more machine-readable media to support software applications. Software
shall be construed broadly to mean instructions, programs, code, or any
other electronic media content whether referred to as software, firmware,
middleware, microcode, hardware description language, or otherwise.
Machine-readable media may include storage integrated with a processor,
such as might be the case with an ASIC. Machine-readable media may also
include storage external to a processor, such as a Random Access Memory
(RAM), a flash memory, a Read Only Memory (ROM), a Programmable Read-Only
Memory (PROM), an Erasable PROM (EPROM), registers, a hard disk, a
removable disk, a CD-ROM, a DVD, or any other suitable storage device. In
addition, machine-readable media may include a transmission line or a
carrier wave that encodes a data signal. Those skilled in the art will
recognize how best to implement the described functionality for the
processing system. Moreover, in some aspects any suitable computer-program
product may comprise a computer-readable medium or machine-readable medium
comprising codes relating to one or more of the aspects of the disclosure.
In some aspects a computer program product may comprise packaging
materials. [0063] FIG. 9A is a block diagram illustrating an example of the
functionality of a processing system 804. In this example, the processing
system 804 includes a module 902A for connecting to a remote node and a
module 904A for supporting discovery for the remote node. [0064] FIG. 9B is
a block diagram illustrating another example of the functionality of a
processing system 804. In this example, the processing system 804 includes
a module902B for connecting to a remote node and a module 904B for using
the remote node for discovery. The previous description is provided to
enable any person skilled in the art to practice the various aspects
described herein. Various modifications to these aspects will be readily
apparent to those skilled in the art, and the generic principles defined
herein may be applied to other aspects. Thus, the claims are not intended
to be limited to the aspects shown herein, but is to be accorded the full
scope consistent with the language claims, wherein reference to an element
in the singular is not intended to mean "one and only one" unless
specifically so stated, but rather "one or more." Unless specifically
stated otherwise, the term "some" refers to one or more. All structural and



functional equivalents to the elements of the various aspects described
throughout this disclosure that are known or later come to be known to
those of ordinary skill in the art are expressly incorporated herein by
reference and are intended to be encompassed by the claims. Moreover,
nothing disclosed herein is intended to be dedicated to the public
regardless of whether such disclosure is explicitly recited in the claims.
No claim element is to be construed under the provisions of 35 U.S.C. §
112, sixth paragraph, unless the element is expressly recited using the
phrase "means for" or, in the case of a method claim, the element is
recited using the phrase "step for." WHAT IS CLAIMED IS:CLAIMS 1. An
apparatus for wireless communications, comprising: a processing system
configured to support discovery for a remote node. 2. The apparatus of
claim 1 wherein the processing system is further configured to support the
discovery by broadcasting a discovery signal for the remote node. 3. The
apparatus of claim 2 wherein the discovery signal comprises information
indicating that the discovery signal is being broadcast for the remote
node. 4. The apparatus of claim 1 wherein the processing system is further
configured to support the discovery by listening for a discovery signal
from another node. 5. The apparatus of claim 4 wherein the processing
system is further configured to notifying the remote node in response to
receiving the discovery signal from said another node so that the remote
node can establish a connection to said another node. 6. The apparatus of
claim 1 wherein the processing system is further configured to communicate
to the remote node that the processing system is capable of supporting
discovery for the remote node. 7. The apparatus of claim 1 wherein the
processing system is further configured to receive a communication from the
remote node comprising one or more attributes related to the discovery for
the remote node. 8. The apparatus of claim 7 wherein the processing system
is further configured to support the discovery by listening for a discovery
signal from another node having at least one of the one or more attributes.
9. The apparatus of claim 1 wherein the processing system is further
configured to continue to support the discovery for the remote node in
response to a keep-alive signal from the remote node.10. The apparatus of
claim 9 wherein the processing system comprises a timer, and wherein the
processing system is further configured to stop supporting the discovery
for the remote node if the timer expires before the keep-alive signal is
received from the remote node. 11. The apparatus of claim 9 wherein the
keep-alive signal comprises a broadcast of a discovery signal from the
remote node. 12. The apparatus of claim 9 wherein the keep-alive signal
comprises a transmission directed to the apparatus. 13. An apparatus for
wireless communications, comprising: a processing system configured to use
a remote node for discovery. 14. The apparatus of claim 13 wherein the
processing system is further configured to use the remote node for
discovery by enabling the remote node to broadcast a discovery signal for
the apparatus. 15. The apparatus of claim 14 wherein the processing system
is further configured to send a keep-alive signal to enable the remote node
to continue to broadcast the discovery signal. 16. The apparatus of claim
15 wherein the processing system is further configured to sleep during at
least a portion of the time if the processing system is not sending the
keep-alive signal to the remote node. 17. The apparatus of claim 15 wherein
the processor system is further configured to broadcast a second discovery
signal. 18. The apparatus of claim 17 wherein the second discovery signal
comprises the keep-alive signal. 19. The apparatus of claim 15 wherein the
keep-alive signal comprises a transmission directed to the remote node. 20.
The apparatus of claim 14 wherein the processing system is further
configured to listen for a discovery signal from another node.21. The
apparatus of claim 13 wherein the processing system is further configured
to use the remote node for discovery by enabling the remote node to listen
for a discovery signal from another node. 22. The apparatus of claim 2 1
wherein the processing system is further configured to listen for the
discovery signal from said another node. 23. The apparatus of claim 2 1
wherein the processing system is further configured to broadcast a
discovery signal. 24. The apparatus of claim 13 wherein the processing
system is further configured to receive a communication from the remote
node indicating that the remote node is capable of supporting discovery for
the apparatus. 25. The apparatus of claim 13 wherein the processing system
is further configured to communicate to the remote node one or more
attributes related to the discovery to enable the remote node to discover
another node having at least one of the one or more attributes. 



26. A method for wireless communications from an apparatus, comprising:
supporting discovery for a remote node. 27. The method of claim 26 wherein
the discovery for the remote node is supported by broadcasting a discovery
signal for the remote node. 28. The method of claim 27 wherein the
discovery signal comprises information indicating that the discovery signal
is being broadcast for the remote node. 29. The method of claim 26 wherein
the discovery for the remote node is supported by listening for a discovery
signal from another node. 30. The method of claim 29 further comprising
notifying the remote node in response to receiving the discovery signal
from said another node so that the remote node can establish a connection
to said another node. 31. The method of claim 26 further comprising
communicating to the remote node that the apparatus is capable of
supporting discovery for the remote node.32. The method of claim 26 further
comprising receiving a communication from the remote node comprising one or
more attributes related to the discovery for the remote node. 33. The
method of claim 32 wherein the discovery for the remote node is supported
by listening for a discovery signal from another node having at least one
of the one or more attributes. 34. The method of claim 26 wherein the
support of the discovery for the remote node is continued in response to a
keep-alive signal from the remote node. 35. The method of claim 34 wherein
the support of the discovery for the remote node is stopped in response to
a timer expiring before the keep-alive signal is received from the remote
node. 36. The method of claim 34 wherein the keep-alive signal comprises a
broadcast of a discovery signal from the remote node. 37. The method of
claim 34 wherein the keep-alive signal comprises a transmission directed to
the apparatus. 38. A method for wireless communications, comprising: a
processing system configured to use a remote node for discovery. 39. The
method of claim 38 wherein the remote node is used for discovery by
enabling the remote node to broadcast a discovery signal for the apparatus.
40. The method of claim 39 further comprising sending a keep-alive signal
to enable the remote node to continue to broadcast the discovery signal.
41. The method of claim 40 further comprising sleeping during at least a
portion of the time if not sending the keep-alive signal to the remote
node. 42. The method of claim 40 further comprising broadcasting a second
discovery signal. 43. The method of claim 42 wherein the second discovery
signal comprises the keep-alive signal.44. The method of claim 40 wherein
the keep-alive signal comprises a transmission directed to the remote node.
45. The method of claim 39 further comprising listening for a discovery
signal from another node. 46. The method of claim 38 wherein the remote
node is used for discovery by enabling the remote node to listen for a
discovery signal from another node. 47. The method of claim 46 further
comprising listening for the discovery signal from said another node. 48.
The method of claim 46 further comprising broadcasting a discovery signal.
49. The method of claim 38 further comprising receiving a communication
from the remote node indicating that the remote node is capable of
supporting discovery for the apparatus. 50. The method of claim 38 further
comprising communicating to the remote node one or more attributes related
to the discovery to enable the remote node to discover another node having
at least one of the one or more attributes. 51. An apparatus for wireless
communications, comprising: means for connecting to a remote node; and
means for supporting discovery for the remote node. 52. The apparatus of
claim 5 1 wherein the means for supporting discovery comprises means for
broadcasting a discovery signal for the remote node. 53. The apparatus of
claim 52 wherein the discovery signal comprises information indicating that
the discovery signal is being broadcast for the remote node. 54. The
apparatus of claim 5 1 wherein the means for supporting discovery comprises
means for listening for a discovery signal from another node. 55. The
apparatus of claim 54 further comprising means for notifying the remote
node in response to receiving the discovery signal from said another node
so thatthe remote node can establish a connection to said another node. 56.
The apparatus of claim 5 1 further comprising means for communicating to
the remote node that the apparatus is capable of supporting discovery for
the remote node. 57. The apparatus of claim 5 1 wherein the means for
connecting to a remote node comprises means for receiving a communication
from the remote node comprising one or more attributes related to the
discovery for the remote node. 58. The apparatus of claim 57 wherein the
means for supporting discovery comprises means for listening for a
discovery signal from another node having at least one of the one or more
attributes. 



59. The apparatus of claim 5 1 wherein the means for supporting discovery
comprises means for continuing to support the discovery in response to a
keep-alive signal from the remote node. 60. The apparatus of claim 59
further comprising a timer, and wherein the means for supporting discovery
is configured to stop supporting the discovery for the remote node in
response to the timer expiring before the keep-alive signal is received
from the remote node. 61. The apparatus of claim 59 wherein the keep-alive
signal comprises a broadcast of a discovery signal from the remote node.
62. The apparatus of claim 59 wherein the keep-alive signal comprises a
transmission directed to the apparatus. 63. An apparatus for wireless
communications, comprising: means for connecting to a remote node; and
means for using the remote node for discovery. 64. The apparatus of claim
63 wherein means for using the remote node comprises means for enabling the
remote node to broadcast a discovery signal for the apparatus.65. The
apparatus of claim 64 further comprising means for sending a keepalive
signal to enable the remote node to continue to broadcast the discovery
signal. 66. The apparatus of claim 65 further comprising means for sleeping
during at least a portion of the time if not sending the keep-alive signal
to the remote node. 67. The apparatus of claim 65 further comprising means
for broadcasting a second discovery signal. 68. The apparatus of claim 67
wherein the second discovery signal comprises the keep-alive signal. 69.
The apparatus of claim 65 wherein the keep-alive signal comprises a
transmission directed to the remote node. 70. The apparatus of claim 64
further comprising means for listening for a discovery signal from another
node. 71. The apparatus of claim 63 wherein the means for using the remote
node comprises means for enabling the remote node to listen for a discovery
signal from another node. 72. The apparatus of claim 7 1 further comprising
means listening for the discovery signal from said another node. 73. The
apparatus of claim 7 1 further comprising means for broadcasting a
discovery signal. 74. The apparatus of claim 63 further comprising means
for receiving a communication from the remote node indicating that the
remote node is capable of supporting discovery for the apparatus. 75. The
apparatus of claim 63 further comprising means for communicating to the
remote node one or more attributes related to the discovery to enable the
remote node to discover another node having at least one of the one or more
attributes. 76. An access point, comprising: a wireless interface
configured to support a backhaul connection for anaccess terminal; and a
processing system configured to support the wireless interface, the
processing system being further configured to support discovery for the
access terminal. 77. An access terminal, comprising: a processing system
configured to use an access point for discovery; and a user interface
supported by the processing system. 78. A computer-program product for
communication, comprising: a machine-readable medium comprising
instructions executable by a processing system to support discovery for a
remote node. 79. A computer-program product for communication, comprising:
a machine-readable medium comprising instructions executable by a
processing system to use a remote node for discovery. 


