
ADULT PANCREATIC DERIVED STROMAL CELLS FIELD OF THE
INVENTION This invention relates to an expandable
population of adult pancreatic cells that can be
differentiated into a b-cell lineage. This invention
also provides methods for isolating and expanding such
adult pancreatic cells, as well as related methods and
compositions for utilizing such cells in the
therapeutic treatment of diabetes. BACKGROUND OF THE
INVENTION Loss of organ function can result from
congenital defects, injury or disease. One example of
a disease causing loss of organ function is diabetes
mellitus, or diabetes. Most cases of diabetes fall
into two clinical types: Type 1, also known as
juvenileonset diabetes or insulin dependent diabetes
mellitus (IDDM), and Type 2, also known as adult-onset
diabetes. Each type has a different prognosis,
treatment, and cause. Both classes are characterized
by the patient's inability to regulate their blood
glucose levels. As a consequence, blood glucose levels
rise to high values because glucose cannot enter cells
to meet metabolic demands. This inability to properly
metabolize blood sugar causes a complex series of
early and late-stage symptomologies, beginning with,
for example, hyperglycemia, abnormal hunger, thirst,
polyuria, and glycouria, and then escalating to, for
example, neuropathy, macro-vascular disease, and
micro-vascular disease. A common method of treatment
of Type 1 diabetes involves the exogenous
administration of insulin, typically by injection with
either a syringe or a pump. This method does not
completely normalize blood glucose levels and is often
associated with an increased risk of hypoglycemia.
More effective glycemic control can be achieved if the
function of the pancreas can be restored or
rejuvenated via transplantation or cell-based
therapies. It has been documented that progenitor
cells, derived from fetal or embryonic tissues, have
the potential to differentiate into a pancreatic
hormone-producing cell. See, forexample, U.S. Patent
6,436,704, WO03/062405, WO02/092756 and EP 0 363 125
A2, which report the potential of human fetal and
embryonic derived cells to differentiate into a b-cell
lineage. It is important to note from these
publications, however, that human embryonic cells
often require a feeder layer for expansion and
maintenance of pluripotency, which does not allow for
facile scale up of cells and an eventual cell therapy
for treating diabetes. It has also been documented
that progenitor cells derived from adult tissues are
capable of differentiation into a pancreatic b-cell
phenotype. See, for example, WO2004/087885 A2, Hess et
al. {Nature Biotechnology 21, 763 - 770, 2003), and
Ianus et al. {J. Clin. Invest. Ill: 843-850, 2003),
which report the capacity of adult bone marrow-derived
cells (mesenchymal and hematopoetic cells) to
differentiate into cells having characteristics of a
pancreatic b-cell in vitro, or secrete trophic factors
that help regenerate a damaged pancreas in vivo. Among
other sources of progenitor cells that can be
differentiated into pancreatic cells include rodent
liver oval stem cells (WO03/033697) and post-partum
placenta (U.S. Published Application 2004/0161419 Al)
The endocrine cells of the islets of Langerhans,
including b-cells, are constantly turning over by
processes of apoptosis and the proliferation of new
islet cells (neogenesis). As such, the pancreas is
thought to be a source of progenitor cells that are
capable of differentiating into pancreatic hormone
producing cells. There are three distinct tissue
types, isolated from a pancreas, that are a potential
source of pancreatic progenitor cells: an islet rich
fraction, a ductal cell rich fraction, and an acinar
cell rich fraction. Isolation of progenitor cells or
partially differentiated cells from crude pancreatic
tissue extracts may be achieved using antibodies
raised against cell surface markers. For example, U.S.
Published Application 2004/0241761 discloses isolation
of murine cells that were positive for ErbB2, ErbB3,
ErbB4, Msx-2 and PDX-I (Cell 1, Table I hereinbelow),
and positive for insulin expression.Gershengorn et al.
{Science 306: 2261-2264, 2004) teach the production of
proliferating cells that were able to form islet-like
cell aggregates. The cells were derived from a
heterogeneous population of adherent cells that
emerged from the culture of isolated human pancreatic
islets in vitro. The isolated islets of Langerhans
were initially seeded onto tissue culture dishes and
cultured in medium containing 10% serum.
Fibroblast-like cells were observed to migrate out of
the cultured islets and form a monolayer. These cells
expressed Nestin, smooth muscle actin and vimentin
(Cell 2, TableI hereinbelow). Pancreatic progenitor
cells may also arise from the culture of pancreatic
islet and ductal tissue that has been dissociated into
single cells, as disclosed by Seaberg et al. {Nature
Biotechnology 22: 1115 - 1124, 2004). The murine
progenitor cells disclosed by Seaberg et al. expressed
Nestin during proliferation (Cell 3, Table I
hereinbelow). U.S. Published Application 2003/0082155
discloses methods to isolate and identify a population
of cells from the islets of Langerhans of human
pancreas, which have the functional and molecular
characteristics of stem cells. In particular, these
cells were characterized by Nestin-positive staining,
Nestin gene expression, GLP-lR-positive staining, GLP-
IR gene expression, ABCG2 positive staining, ABCG2
gene 



expression, Oct3/4 positive staining, Oct3/4 gene
expression, latrophilin (type 2) positive staining,
latrophilin (type 2) gene' expression, Hes-1 positive
staining, Hes-1 gene expression, Integrin subunits a6
and bl positive staining, Integrin subunits a6 and bl
gene expression, C-kit positive staining, C-kit gene
expression, MDR-I positive staining, MDR-I gene
expression, SST-R, 2, 3, 4 positive staining, SST-R,
2, 3, 4 gene expression, SUR-I positive staining,
SUR-I gene expression, Kir 6.2 positive staining, Kir
6.2 gene expression, CD34 negative staining, CD45
negative staining, CD133 negative staining, MHC class
I negative staining, MHC class II negative staining,
cytokeratin-19 negative staining, long-term
proliferation in culture, and the ability to
differentiate into pseudo-islets in culture (Cell 4,
Table I hereinbelow). In another approach, as
disclosed in U.S. Patent 5,834,308, U.S. Patent
6,001,647 and U.S. Patent 6,703,017, crude
preparations of islet cultures from NOD mice may
beused to establish epithelial-like cultures, which
can be maintained in growing cultures for greater than
1 year and which appear to demonstrate the ability to
differentiate into islet-like clusters, capable of
secreting insulin. (Cell 5, Table I hereinbelow).
Islet-like structures may be generated from fractions
of digested human pancreata enriched for ductal
tissue, as disclosed in Bonner-Weir et al. (Proc Nat
Acad Sci 97: 7999-8004, 2000) and U.S. Patent
6,815,203 Bl. Islet-like clusters disclosed in these
publications stained positive for cytokeratin 19 and
showed immunoreactivity for insulin. (Cell 6, Table I
hereinbelow). WO2004/01 1621 discloses the generation
of insulin negative adherent cells from human
pancreatic ductal fragments. (Cell 7, Table I
hereinbelow). WO03/102134 discloses the generation of
an epithelial cell positive for cytokeratin- 19 from
an acinar fraction of a human pancreatic digest. The
cells generated are capable of limited expansion and
differentiate into an insulin-producing cell in the
presence of an induction media. (Cell 8, Table I
hereinbelow). U.S. Published Application 2004/015805
Al reports that a subset of human pancreatic stem
cells may be isolated using ligands to the cell
surface marker CD56 (also known as NCAM). These cells
can differentiate into insulin producing cells and
insulin producing aggregates. (Cell 9, Table I
hereinbelow). Thus, there remains a significant need
to develop culture conditions for establishing adult
pancreatic derived cell lines that can be expanded to
address the current clinical needs, while retaining
the potential to differentiate into a b-cell lineage
at late passages. SUMMARY OF THE INVENTION The present
invention is directed to methods for isolating an
adult pancreatic-derived cell population and expanding
the cell population for up to about 20 population
doublings, while retaining the potential of the cells
to differentiate into cells with characteristics of a
b-cell lineage. Alternatively, the cell population can
be expanded for up to about 50,or, alternatively, for
up to about 70 population doublings, while retaining
the potential of the cells to differentiate into cells
with characteristics of a b-cell lineage. In one
embodiment, the present invention provides a method
for isolating mammalian adult pancreatic-derived
stromal cells. According to the present invention,
pancreatic cells are obtained from pancreatic tissue
digests, which include differentiated pancreatic cells
and undifferentiated pancreatic stromal cells. In
order to select and enrich stromal cells, the cells
obtained from pancreatic tissue digests are cultured
in a selection media, which is a nutrient rich media
containing less than 5% serum and glucose at a
concentration less than 30 mM. The glucose range may
also be less, for example, 6 mM or less. The culture
is left undisturbed for about two to about four weeks
without any media changes until cells become attached
to the culture substrates. Subsequent to the initial
phase of selection and cell attachment, the selection
media can be switched to a nutrient rich expansion
media supplemented with serum at a concentration of
greater than 1% but less than 20% and glucose at a
concentration of less than 30 mM. The resulting cell
population is enriched in adult pancreatic-derived
stromal cells. Such stromal cell population is
substantially negative for at least one of the
following markers: EPCAM, CD 45, CD117, CD 133, CD138,
CD184, NCAM, ABCG2, cytokeratin 7, 8, 18, or 19, and
can be expanded for multiple generations without
losing the capacity to differentiate into cells of the
b-cell lineage. The cell population enriched in adult
pancreatic-derived stromal cells can be contacted, for
example, with an agent (such as an antibody) that
specifically recognizes a protein marker expressed by
stromal cells, to identify and select adult
pancreatic-derived stromal cells, thereby obtaining a
substantially pure population of adult
pancreatic-derived stromal cells, i.e., wherein a
recognized protein marker is expressed in at least 50%
of the cell population. In another embodiment, the
present invention provides an isolated pure population
of adult pancreatic-derived stromal cells that are
substantially negative for at least one ofthe
following markers: EPCAM CD45, CDl 17, CD133, CD138,
CD184, NCAM, ABCG2, cytokeratin 7, 8, 18, or 19. In
one embodiment, the adult pancreatic-derived stromal
cells isolated and expanded according to the present
invention can be used in an in vitro assay to screen
for agents that are capable of differentiating cells
into the b-cell lineage. The adult pancreatic-derived
stromal cells isolated and expanded according to the 



present invention can be induced to differentiate into
cells of the b-cell lineage under appropriate in vitro
or in vivo conditions. Accordingly, the adult
pancreatic-derived stromal cells selected and expanded
according to the present invention, as well as the
differentiated cells derived from the adult
pancreatic-derived stromal cells, are useful for
treating Type 1 and 2 diabetes. BRIEF DESCRIPTION OF
THE DRAWINGS Figure 1 outlines the multi-stage process
used to isolate the adult pancreatic-derived stromal
cells of the present invention. Figure 2 depicts the
morphology of undifferentiated adhered human
adult-pancreatic derived stromal cells (10OX
magnification) at passage 12 grown in basal media
supplemented with 5% fetal bovine serum (FBS), 1%
penicillin/streptomycin (P/S), and 0.0165 mM zinc
sulphate. Figure 3 shows the typical growth curve of
adult pancreatic-derived stromal cells of the current
invention. The depicted curve is for passage 10 cells.
Figure 4 illustrates typical FACS analysis of passage
9 adult pancreatic-derived stromal cells of the
current invention a) isotype control, b) CDl 17 on
X-axis and alkaline phosphatase on Y-axis, c) CD 105
on X-axis and CD44 on Y-axis, d) CD73 on X-axis and
CD90 on Y-axis, e) EPCAM, f ) ABCG2, g) Pan
cytokeratin 14, 15, 16, and 19, h) Pan cytokeratin 5,
6, 8, 10, 13, and 18, i) vimentin.Figure 5 depicts
immunostaining of passage 11 cells. Cells stained
positive for vimentin, nestin, beta III tubulin,
smooth muscle actin, and negative for pan cytokeratin
(including CK 7 and CK 19). Figure 6 shows the
expansion potential of an adult pancreatic-derived
stromal cell population isolated according to the
present invention. Figure 7 shows the expression of
selected genes, as determined by real-time PCR with
time in culture. Results shown are the expression
levels of PDX-I (Panel A), insulin (Panel B), HNF-3 b
(Panel C) and CK 19 (Panel D), expressed as a
percentage of the levels observed in human pancreas.
Time in culture, as depicted by passage number is
indicated on the x-axis. Data was obtained from adult
pancreatic stromal cells derived from fraction 3 of
donor pancreas H4. Cells were cultured in DMEM
supplemented with 2%FBS. Figure 8 shows the expression
of selected genes, as determined by real-time PCR with
time in culture. Results shown are the expression
levels of PDX-I (Panel A), insulin (Panel B), HNF-3b
(Panel C) and CK 19 (Panel D), expressed as a
percentage of the levels observed in human pancreas.
Time in culture, as depicted by passage number is
indicated on the x-axis. Data was obtained from adult
pancreatic stromal cells derived from fraction 4 of
donor pancreas H4. Cells were cultured in DMEM
supplemented with 2%FBS. Figure 9 shows the expression
of selected genes, as determined by real-time PCR with
time in culture. Results shown are the expression
levels of PDX-I (Panel A), insulin (Panel B), HNF-3b
(Panel C) and CK 19 (Panel D), expressed as a
percentage of the levels observed in human pancreas.
Time in culture, as depicted by passage number is
indicated on the x-axis. Data was obtained from adult
pancreatic stromal cells derived from fraction 5 of
donor pancreas H4. Cells were cultured in DMEM
supplemented with 2% FBS. Figure 10 shows the
expression of selected genes, as determined by
real-time PCR with time in culture. Results shown are
the expression levels of PDX-I (Panel A), insulin
(Panel B), HNF-3b (Panel C) and CK 19 (Panel D),
expressed as a percentageof the levels observed in
human pancreas. Time in culture, as depicted by
passage number is indicated on the x-axis. Data was
obtained from adult pancreatic stromal cells derived
from fraction 3 of donor pancreas H4. Cells were
cultured in DMEM supplemented with 10% FBS. Figure 11
shows the expression of selected genes, as determined
by real-time PCR with time in culture. Results shown
are the expression levels of PDX-I (Panel A), insulin
(Panel B), HNF-3b (Panel C) and CK 19 (Panel D),
expressed as a percentage of the levels observed in
human pancreas. Time in culture, as depicted by
passage number is indicated on the x-axis. Data was
obtained from adult pancreatic stromal cells derived
from fraction 4 of donor pancreas H4. Cells were
cultured in DMEM supplemented with 10% FBS. Figure 12
shows the expression of selected genes, as determined
by real-time PCR with time in culture. Results shown
are the expression levels of PDX-I (Panel A), insulin
(Panel B), HNF-3b (Panel C) and CK 19 (Panel D),
expressed as a percentage of the levels observed in
human pancreas. Time in culture, as depicted by
passage number is indicated on the x-axis. Data was
obtained from adult pancreatic stromal cells derived
from fraction 5 of donor pancreas H4. Cells were
cultured in DMEM supplemented with 10% FBS. Figure 13
shows the expression of selected genes, as determined
by real-time PCR with time in culture. Results shown
are the expression levels of PDX-I (Panel A), insulin
(Panel B), HNF-3b (Panel C) and CK 19 (Panel D),
expressed as a percentage of the levels observed in
human pancreas. Time in culture, as depicted by
passage number is indicated on the x-axis. Data was
obtained from adult pancreatic stromal cells derived
from fraction 3 of donor pancreas H4. Cells were
cultured in CMRL 



supplemented with 10% FBS. Figure 14 shows the
expression of selected genes, as determined by
real-time PCR with time in culture. Results shown are
the expression levels of PDX-I (Panel A), insulin
(Panel B), HNF-3b (Panel C) and CK 19 (Panel D),
expressed as a percentage of the levels observed in
human pancreas. Time in culture, as depicted by
passagenumber is indicated on the x-axis. Data was
obtained from adult pancreatic stromal cells derived
from fraction 4 of donor pancreas H4. Cells were
cultured in CMRL supplemented with 10% FBS. Figure 15
shows the expression of selected genes, as determined
by real-time PCR with time in culture. Results shown
are the expression levels of PDX-I (Panel A), insulin
(Panel B), HNF-3b (Panel C) and CK 19 (Panel D),
expressed as a percentage of the levels observed in
human pancreas. Time in culture, as depicted by
passage number is indicated on the x-axis. Data was
obtained from adult pancreatic stromal cells derived
from fraction 5 of donor pancreas H4. Cells were
cultured in CMRL supplemented with 10% FBS. Figure 16
shows the expression of selected genes, as determined
by real-time PCR with time in culture. Results shown
are the expression levels of PDX-I (Panel A), insulin
(Panel B), HNF-3b (Panel C) and CK 19 (Panel D),
expressed as a percentage of the levels observed in
human pancreas. Time in culture, as depicted by
passage number is indicated on the x-axis. Data was
obtained from adult pancreatic stromal cells derived
from fraction 3 of donor pancreas H8. Cells were
cultured in CMRL supplemented with 10% FBS. Figure 17
shows the expression of selected genes, as determined
by real-time PCR with time in culture. Results shown
are the expression levels of glucagon (Panel A),
Glut-2 (Panel B), Pax-4 (Panel C) and Pax-6 (Panel D),
expressed as a percentage of the levels observed in
human pancreas. Time in culture, as depicted by
passage number is indicated on the x-axis. Data was
obtained from adult pancreatic stromal cells derived
from fraction 3 of donor pancreas H8. Cells were
cultured in CMRL supplemented with 10% FBS. Figure 18
shows the expression of selected genes, as determined
by real-time PCR with time in culture. Results shown
are the expression levels of somatostatin (Panel A),
neuroDl (Panel B)5Nkx2.2 (Panel C) andNkx .l (Panel
D), expressed as a percentage of the levels observed
in human pancreas. Time in culture, as depicted by
passage number is indicated on the x-axis. Data was
obtained from adult pancreaticstromal cells derived
from fraction 3 of donor pancreas H8. Cells were
cultured in CMRL supplemented with 10% FBS. Figure 19
shows the expression of selected genes, as determined
by real-time PCR with time in culture. Results shown
are the expression levels of HNF-I a (Panel A), and
Sox-17 (Panel B), expressed as a percentage of the
levels observed in human pancreas. Time in culture, as
depicted by passage number is indicated on the x-axis.
Data was obtained from adult pancreatic stromal cells
derived from fraction 3 of donor pancreas H8. Cells
were cultured in CMRL supplemented with 10% FBS.
Figure 20 shows the expression of selected genes, as
determined by real-time PCR following treatment.
Figure 21 shows the expansion potential of two adult
pancreatic-derived stromal cell populations isolated
according to the present invention prior to, and after
revival from cryopreservation. Figure 22 shows the
effects of nutrient deprivation on the expansion
potential of an adult pancreatic-derived stromal cell
population isolated according to the present
invention. Figure 23 shows the karyotype of a
representative adult pancreatic-derived stromal cell
population isolated according to the present
invention. Figure 24 shows the karyotype of a
representative adult pancreatic-derived stromal cell
population isolated according to the present
invention. Figure 25 shows the karyotype of a
representative adult pancreatic-derived stromal cell
population isolated according to the present
invention. Figure 26 shows the karyotype of a
representative adult pancreatic-derived stromal cell
population isolated according to the present
invention. Figure 27 shows the karyotype of a
representative adult pancreatic-derived stromal cell
population isolated according to the present
invention.Figure 28 shows the scatter plots for genes
expressed in adult pancreatic-derived stromal cells
derived from fractions 3, 4, and 5 of donor pancreas
H5. Pearson correlation coefficient for each
comparison is also listed. Figure 29 shows the scatter
plot for genes expressed in adult pancreatic stromal
cells derived from fraction 3 of donor pancreas H5 and
donor pancreas H8. Pearson correlation coefficient is
also listed. DETAILED DESCRIPTION OF THE INVENTION For
clarity of disclosure, and not by way of limitation,
the detailed description of the invention is divided
into the following subsections that describe or
illustrate certain features, embodiments or
applications of the present invention. Definitions
"Pancreatic-derived cells" refer to primary pancreatic
cells from mammalian species, or primary cells
isolated from a mammalian pancreas, that contain
acinar, duct, and 



islet cell types, as well as supportive cells such as
stromal, stellate, neurons, vascular cells, stem
cells, and progenitor cells. "Acinar cells" refer to
pancreatic cells that account for about 80% of the
cells of the pancreas and produce many different
enzymes including amylase, lipase, trypsin,
chymotrypsin, and elastase. "Ductal cells" refer to
pancreatic cells that account for about 10% of cells
of the pancreas and define the larger interlobular and
intralobular ducts, as well as the smallest,
intercalated ducts, that drain the pancreatic enzymes
from the acini. Duct cells also produce bicarbonate
and water to dilute the enzymes and alter the
intestinal pH upon release into the gut from these
ductal structures. Duct cells can be identified by
cytokeratin 19 (CK 19). "Islet cells" refer to
endocrine cells that account for about 1 to 2% of
cells of the pancreas and exist as distinct cell
aggregates called islets, which contain different cell
types making different hormones b-cells account for
about 60 to 80% of the isletaggregate and secrete
insulin that permits glucose entry into most cells of
the body. Alpha cells account for about 10 to 30% of
the islet, and secrete glucagon that is released
during fasting to permit glucose delivery from the
liver to maintain normal blood sugar. Delta cells
account for about 5 to 10% of the islet cells and
secrete somatostatin that further regulates glucose
levels. Pancreatic polypeptide producing cells (about
5 to 10% of the islet cells) release their hormone
that alters exocrine and gastrointestinal function.
There are also other islet cell types, such as
endothelial cells, neuronal cells, and progenitor
cells. "Pancreatic-derived stromal cells" refer to
fibroblast-like cells derived from the pancreas that
have the ability to expand in vitro and are devoid of
any of the markers that are characteristic of a
pancreatic hormone-producing cell, an islet cell, a
cell of b-cell lineage, or a b-cell. "b-cell lineage"
refer to cells with positive gene expression for the
transcription factor PDX-I and at least one of the
following transcription factors: NGN-3, Nkx2.2,
Nkxb.l, NeuroD, IsI-I, HNF-3 beta, MAFA, Pax4, and
Pax6. "Pancreatic islet-like structure" refers to a
three-dimensional clusters of cells derived by
practicing the methods of the invention, which has the
appearance of a pancreatic islet. The cells in a
pancreatic islet-like structure express at least the
PDX-I gene and one hormone selected from the list
glucagon, somatostatin, or insulin. The term "hypoxic"
refers to oxygen levels less than 20%, alternatively
less than 10%, alternatively less than 5% but more
than 1%. ' The term "normoxia" refers to atmospheric
oxygen levels of about 20%. The term "substantially
positive," when used in connection with a population
of cells with respect to the expression of certain
marker (such as a membrane receptor, cytoplasmic or
nuclear protein, or a transcription factor), means
that the marker is present or expressed in at least
about 50%, preferably at least about 60%, and more
preferably at least about 70%, of the total cell
population.The term "substantially negative," when
used in connection with a population of cells with
respect to the expression of certain marker (such as a
membrane receptor, cytoplasmic or nuclear protein, or
a transcription factor), means that the marker is not
present or expressed in at about 70%, alternatively
about 80%, alternatively about 90%, of the total cell
population. The term "substantially pure," when used
in connection with a population of cells means that
the cell of interest accounts for at least about 50%,
preferably at least about 60%, and more preferably at
least about 70%, and most preferably > 80% of the
total cell population. A "stem cell" as used herein
refers to an undifferentiated cell that is capable of
extensive propagation either in vivo or ex vivo and
capable of differentiation to other cell types. A
"progenitor cell" refers to a cell that is derived
from a stem cell by differentiation and is capable of
further differentiation to more mature cell types.
Progenitor cells typically have more restricted
proliferation capacity as compared to stem cells.
Alternatively a "progenitor cell" may arise from the
dedifferentiation of a fully or partially
differentiated cell. "Expandable population" refers to
the ability of an isolated cell population to be
propagated through at least about 20, alternatively,
through at least about 50, alternatively, at least
about 70 population doublings in a cell culture
system. By "undifferentiated cells," when used in
connection with cells isolated from a pancreas, are
meant a population of pancreatic-derived cells that
are substantially negative for the expression of PDX-I
or insulin. By "differentiated cells," when used in
connection with cells isolated from a pancreas, are
meant a population of pancreatic-derived cells that
are substantially positive for the expression of PDX-I
or insulin. "Markers" as used herein, are nucleic acid
or polypeptide molecules that are differentially
expressed in a cell of interest. In this context,
differential expression means an increasedlevel of the
marker for a positive marker, and a decreased level
for a negative marker. The detectable level of the
marker nucleic acid or polypeptide is sufficiently
higher or lower in the cells of interest, compared to
other cells, such that the cell of interest can be
identified and distinguished from other cells, using
any of a variety of methods known in 



the art. "Nestin" refers to an intermediate filament
protein having a sequence disclosed in Genbank
Accession No. X65964, or a naturally occurring variant
sequence thereof (e.g., allelic variant). "Beta III
tubulin" is part of the cytoskeletal component
involved in diverse cytosolic functions, such as the
generation and maintenance of cell morphology and the
transport of membranous organelles. Beta III tubulin
has been shown to be present in neuronal cells.
"Vimentin" is a cytoskeletal intermediate filament
protein that is a general marker of cells originating
in the mesenchyme. "ABCG2" refers to ATP-binding
cassette multi-drag resistance transporter G2 having a
sequence disclosed in Genbank Accession No. XM 032424,
or a naturally occurring variant sequence thereof
(e.g., allelic variant). One of skill in the art will
recognize that equivalents exist wherein the DNA
sequence encoding ABCG2 may vary, but wherein the
encoded amino acid sequence remains the same. "Cluster
of Differentiation" (CD) molecules are markers on the
cell surface, as recognized by specific sets of
antibodies, used to identify the cell type, stage of
differentiation and activity state of a cell. Function
and designation of CD markers are well established in
the art. See, for example, The Leukocyte Antigen Fact
Book, 2nd edition, Barclay, A.N. et al. Academic
Press, London 1997. "CD49b" is also refferd to as
"VLA-2" and is a surface recpetor for extracellular
protiens such as laminin, collagen, fibronectin, and
e-cadherin. It plasy a role in both coagulation and
angiogenesis and is found primarily on platelets and
activated B and T cells."CD49e" is also referred to as
"VLA-5" and serves as a receptor for fibronectin and
fibrinogen. CD49e is expressed primarily on platelets,
monocytes, and neutrophils. "CD49f" is also referred
to as "a6 integrin" and "VLA-6," and associates with
integrin subunit beta 1 to bind laminin. CD49f is
expressed primarily on epithelial cells, trophoblasts,
platelets, and monocytes. "CD90" is also referred to
as "Thy-1" and is primarily expressed on hematopoietic
stem cells, connective tissue cells, and various
fibroblastic and stromal cells. "CD91" is also
referred to as alpha-2-marcoglobulin receptor binds to
lipoproteins and also serves as a surface receptor for
heat shock proteins. CD91 is primarily expressed on
fibroblasts, dendritic cells, and macrophages. "CD95"
is also referred to as "FAS" or "APO-I" and is the
receptor for FAS ligand. It is primarily expressed on
activated B and T cells and in certain types of
epithelial cells. "CDl 05" is also referred to as
"Endoglin" and is primarily expressed on endothelial
cells, monocytes, macrophages, stromal cells, and bone
marrow mesenchymal cells. "NCAM" refers to Neural Cell
Adhesion Molecule, also known as "CD56," is a Ca2+
independent cell adhesion molecule expressed in many
tissues, including the nervous system and pancreatic
tissue. "PECAM" refers to Platelet/Endothelial Cell
Adhesion Molecule and belongs to the family of cell
adhesion molecules that are cell-surface
glycoproteins, involved in cellcell interactions.
"EPCAM" refers to Epithelial Cell Adhesion Molecule
that is a cell surface glycoprotein involved in
cell-cell interactions, primarily in epithelial cells.
"c-MET" refers to the receptor forhepatocyte growth
factor."CD44" is also referred to as "Hermes antigen"
and is the main cell surface receptor for hyaluronan.
This CD is primarily expressed in most cell types,
except for tissues/cells such as hepatocytes, some
epithelial cells, and cardiac muscle. "CD73" is also
referred to as "ecto-5'-nucleotidase" and is primarily
expressed on a subset of-B and T cells, bone marrow
stromal cells, various epithelial cells, fibroblasts,
and endothelial cells. "CD81" is also referred to as
Target of an Anti-Proliferative Antibody (TAPAl) and
is primarily expressed on lymphocytes, endothelial and
epithelial cells. "CD124" is also referred to as
Interleukin 4 receptor and is expressed on mature B
cells, T cells, hemopoietic precursors, fibroblasts,
and endothelial cells. "CD138" is also referred to as
heparin sulfate proteogycan or syndecan-1 which
mediates cell adhesion and is associated with later
stages of B cell differentiation. It is common found
on B cell precursors, plasma cells, and some
epithelial cell types. "CDl 51" has been implied to
modify integrin function and signaling and is
typically found on endothelium, platelets,
megakaryocytes, and epithelium. "CD166" is also
referred to as Activated Leukocyte Cell Adhesion
Molecule (ALCAM) and is involved in neuronal neurite
extension, embryonic hemopoiesis, and embryonic
angiogenesis. CD166 is primarily expressed on neurons,
activated T cells and monocytes, epithelial cells, and
fibroblasts. "CDl 84" is also referred to as CXCR4 or
Stromal cell Derived Factor 1 (SDFl). It is the
receptor for the CXC chemokine SDF-I and is found in
all mature blood cells, blood progenitors, endothelial
and epithelial cells, astrocytes, and neurons. "c-Kit"
and "CDl 17" both refer to a cell surface receptor
tyrosine kinase having a sequence disclosed in Genbank
Accession No. X06182, or a naturally occurring 



variant sequence thereof (e.g., allelic
variant)."CD45" refers to the leukocyte common antigen
having a sequence disclosed in Genbank Accession No.
Y00638, or a naturally occurring variant sequence
thereof (e.g., allelic variant). "CD133" refers to a
five-transmembrane hematopoietic stem cell antigen
having a sequence disclosed in Genbank Accession No.
NM 006017. "Alkaline Phosphatase" is an enzyme made in
the liver, bone, and the placenta and normally present
in high concentrations in growing bone and in bile. A
distinguishing characteristic of undifferentiated
pluripotent stem cells is their expression of high
levels of Alkaline Phosphatase (AP) on their cell
surface. By "basic defined cell culture medium" is
meant a serum free or serum containing, chemically
defined cell growth medium. Such medium includes, but
is not limited to, Dulbecco's Modified Eagle's Medium
(DMEM), alpha modified Minimum Essential Medium (alpha
MMEM), Basal Medium Essential (BME), CMRL-1066, RPMI
1640, M199 medium, Ham's FlO nutrient medium and
DMEM/F12. These and other useful media are available
from GIBCO, Grand Island, New York, U.S.A., for
example. A number of these media are reviewed in
Methods in Enzymology, Volume LVIII, "Cell Culture,"
pp. 62-72, edited by William B. Jakoby and Ira H.
Pastan, published by Academic Press Inc.
"Pharmaceutical carrier" refers to a biodegradable or
non-degradable porous or nonporous matrix that can act
as a carrier for transplantation of mammalian cells.
"Transplantation" as used herein, can include the
steps of introducing a cell or a population of cells
or tissue into a mammal such as a human patient.
"Transplantation" may also include incorporating cells
or tissue into a pharmaceutical carrier, and
implanting the carrier in a mammal such as a human
patient. Isolation of Adult Pancreatic-Derived Stromal
Cells In one aspect of the present invention,
pancreatic-derived stromal cells are isolated by a
multi-stage method, which is depicted in Figure 1.
This method essentially involves:- Perfusion of a
cadaver pancreas, living donor or autologous pancreas,
with an enzymatic solution, Mechanical dissociation of
the perfused pancreas, - Layering the digested tissue
over a density gradient such as polysucrose or Ficoll,
followed by centrifugation to yield three distinct
interfaces, - Removing the tissues and cells at each
interface, Culturing the tissues and cells in standard
tissue culture plates in a nutrient rich selection
media containing less than 5% serum, - Leaving the
culture undisturbed for about up to about two to up to
about four weeks without any media changes. Perfusion
of a cadaver pancreas can be achieved with any of the
enzymatic solutions well known to those skilled in the
art. An example of an enzymatic solution suitable for
use in the present invention contains LIBERASE HI
(tm)(Roche - 0.5 mg/ml) and DNase I (0.2 mg/ml).
Mechanical dissociation of the pancreatic tissue can
be carried out rapidly by the use of a tissue
processor. Alternatively, mechanical dissociation of
the pancreatic tissue can be carried out using a
Ricordi Chamber or other equivalent apparatus that
enables a less destructive dissociation of the tissue,
compared to other procedures. The digested pancreatic
tissues are then subjected to a polysucrose or Ficoll
gradient centrifugation to yield three distinct
interfaces, which are enriched in cells from islets,
the ductal tissue and the acinar tissue, respectively.
In one embodiment, the tissues and cells are removed
from each interface and cultured separately. In an
alternative embodiment, the tissues and cells from all
the interfaces are combined and cultured. It has been
determined in accordance with the present invention
that adult pancreaticderived stromal cells can be
derived from any of the three interfaces.
Alternatively, the digested pancreatic tissue may be
applied to a continuous density gradient whereby the
islet enriched tissue, ductal tissue and acinar tissue
may also be collected. According to the present
invention, the tissues and cells collected from one or
more of the interfaces are cultured in a selection
media to selectively enrich adult pancreatic-derived
stromal cells in the cell population. The selection
media is rich in nutrient and contains low levels of
glucose and serum. Generallyspeaking, the selection
media contains less than 5% serum, alternatively,
about 1 to about 3% serum, alternatively, about
2%serum; and less than 30 mM glucose. " In one
embodiment, the selection media is supplemented with
2% serum that is derived from the same mammalian
species that the donor pancreas was harvested from.
Alternatively, fetal or calf serum, serum from other
species, or other serum supplements or replacements
can be used to supplement the selection media. An
example of a suitable selection media is composed of
DMEM (5 mM glucose), 2% fetal bovine serum (FBS), 100
U/mg penicillin/streptomycin,
insulin-transferrinselenium (ITS), 2 mM L-Glutamine,
0.0165 mM ZnSO4, and 0.38 mM 2- mercaptoethanol.
During the culture in a selection media ("the
selection phase"), the cells can be cultured under
hypoxic or normoxic conditions. Under hypoxic
conditions, oxygen levels are lower than 20%,
alternatively lower than 10%, alternatively lower than
5%, 



but more than 1%. In one embodiment, the culture is
maintained in the selection media undisturbed for
about two to about four weeks without any media
changes, at which point the cells have typically
become adherent to the culture substrate used. The
selection phase is considered to be complete when
there is no further increase in the number of adherent
cells. It has been discovered that the methods of
tissue harvest and culturing in accordance with the
present invention result in a cell population enriched
in adult pancreaticderived stromal cells. By
"enriched" is meant that adult pancreatic-derived
stromal cells account for at least about 30%,
alternatively about 40%, alternatively about 50% of
all the cells in the population. Subsequent to the
initial phase of selection and cell attachment, the
cells (enriched with adult pancreatic-derived stromal
cells) are expanded under conditions as further
described hereinbelow. If desirable, the cell
population enriched in adult pancreatic-derived
stromal cells can be exposed, for example, to an agent
(such as, for example, an antibody) that specifically
recognizes a protein marker expressed by stromal
cells, to identify and select adult pancreatic-derived
stromal cells, thereby obtaining a substantially pure
population of adult pancreatic-derived stromal
cells.Characterization of The Isolated Adult
Pancreatic-Derived Stromal Cells Methods for assessing
expression of protein and nucleic acid markers in
cultured or isolated cells are standard in the art.
These include quantitative reverse transcriptase
polymerase chain reaction (RT-PCR), Northern blots, in
situ hybridization (see, for example, Current
Protocols in Molecular Biology (Ausubel et ah, eds.
2001 supplement)), and immunoassays, such as, for
example, immunohistochemical analysis of sectioned
material, western blotting, and for markers that are
accessible in intact cells, flow cytometry analysis
(FACS) (see, for example, Harlow and Lane, Using
Antibodies: A Laboratory Manual, New York: Cold Spring
Harbor Laboratory Press (1998)). Examples of
antibodies useful for detecting certain protein
markers are listed in Table II and Table V. It should
be noted that other antibodies directed to the same
markers that are recognized by the antibodies listed
in Table II and TableV, are available or can be
readily developed. Such other antibodies can also be
employed for assessing expression of markers in the
cells isolated in accordance with the present
invention. Characteristics of cells of the b-cell
lineage are well known to those skilled in the art,
and additional characteristics of the b-cell lineage
continue to be identified. These characteristics can
be used to confirm that the adult pancreatic-derived
stromal cells isolated in accordance with the present
invention have differentiated to acquire the
properties characteristic of the b-cell lineage b-cell
lineage specific characteristics include the
expression of one or more transcription factors such
as, for example, insulin, PDX-I (pancreatic and
duodenal homeobox gene-1), NGN-3 (neurogenin-3),
Hlxb9, Nkx6, IsIl, Pax6, NeuroD, Hnfla, Hnf6, Hnf3
Beta, and MafA, among others. These transcription
factors are well established in the art for
identification of endocrine cells. See, for example,
Edlund (Nature Reviews Genetics 3: 524-632 (2002)).
The present inventors have identified and isolated a
population of adult stromal cells from the mammalian
pancreas that have the capacity to proliferate for up
to about 20 population doublings while maintaining the
potential to differentiate into cells with
characteristics of a b-cell lineage. In an alternate
embodiment, the present inventorshave identified and
isolated a population of adult stromal cells from the
mammalian pancreas that have the capacity to
proliferate for up to about 50 population doublings
while maintaining the potential to differentiate into
cells with characteristics of a b-cell lineage. In an
alternate embodiment, the present inventors have
identified and isolated a population of adult stromal
cells from the mammalian pancreas that have the
capacity to proliferate for up to about 70 population
doublings while maintaining the potential to
differentiate into cells with characteristics of a
b-cell lineage. In particular, the adult
pancreatic-derived stromal cells isolated in
accordance with the present invention are
characterized as, inter alia, substantially lacking at
least one of the following protein markers: CDl 17,
NCAM, ABCG2, cytokeratin 7, 8, 18, or 19. In certain
specific embodiments, the adult pancreatic-derived
stromal cells isolated in accordance with the present
invention are characterized as substantially positive
for at least one of the following protein markers:
CD44, CD49b, CD49e, CD73, CD81, CD90, CD95, CD105,
CD151 or CD166. Expansion of Adult Pancreatic-Derived
Stromal Cells In a further aspect, the present
invention provides a method for expanding the adult
pancreatic-derived stromal cells obtained in
accordance with the present invention. As described
hereinabove, pancreatic digests, which may contain a
heterogeneous mixture of islets, ductal fragments and
exocrine tissue, are cultured in a low serum selection
media for about two to about four weeks, preferably
without any media changes, to selectively enrich the
desired adult pancreatic-derived stromal cells. The
resulting cell population, now enriched with adult
pancreatic-derived stromal cells, is then switched to
a growth media to expand the adult pancreatic-derived
stromal cells in the cell population. 



The growth media suitable for use in the present
invention can be composed of media such as, for
example, DMEM containing penicillin/streptomycin (P/S)
and serum at a concentration of 2% to 20%, preferably
about 5%. In a specific embodiment, the growth media
is composed of DMEM (2750 mg/1 D-glucose; 862 mg/1
glutamine), 5% fetal bovine serum, and 0.0165 niM zinc
sulphate. In a specific embodiment, thegrowth media is
supplemented with serum that is derived from the same
mammalian species that the donor pancreas was
harvested from. Alternatively, fetal or calf serum, or
other serum supplements or replacements, such as, for
example, serum albumin, may be used to supplement the
growth media. Furthermore, the adult
pancreatic-derived stromal cells can be expanded by
culturing in a defined growth media containing
agent(s) that stimulate the proliferation of the cells
of the present invention. These factors may include,
for example, nicotinamide, members of TGF-b family,
including TGF-bl , 2, and 3, bone morphogenic proteins
(BMP-2, -4, 6, -7, -11, -12, and -13), serum albumin,
fibroblast growth factor family, platelet-derived
growth factor-AA, and -BB, platelet rich plasma,
insulin growth factor (IGF-I, II) growth
differentiation factor (GDF-5, -6, -8, -10, 11),
glucagon like peptide-I and II (GLP-I and II), GLP-I
and GLP-2 mimetobody, Exendin-4, retinoic acid,
parathyroid hormone, insulin, progesterone, aprotinin,
hydrocortisone, ethanolamine, beta mercaptoethanol,
epidermal growth factor (EGF), gastrin I and II,
copper chelators such as triethylene pentamine, TGF-a,
forskolin, Na-Butyrate, activin, betacellulin,
insulin/transferring/selenium (ITS), hepatocyte growth
factor (HGF), keratinocyte growth factor (KGF), bovine
pituitary extract, islet neogenesisassociated protein
(INGAP), proteasome inhibitors, notch pathway
inhibitors, sonic hedgehog inhibitors, or combinations
thereof. Alternatively, the adult pancreaticderived
stromal cells may be expanded by culturing in
conditioned media. By "conditioned media" is meant
that a population of cells is grown in a basic defined
cell culture medium and contributes soluble factors to
the medium. In one such use, the cells are removed
from the medium, while the soluble factors the cells
produce remain. This medium is then used to nourish a
different population of cells. In certain embodiments,
the adult pancreatic-derived stromal cells are
cultured on standard tissue culture plates.
Alternatively, the culture plates may be coated with
extracellular matrix proteins, such as, for example,
MATRIGEL (r), growth factor reduced MATRIGEL (r),
laminin, collagen, gelatin, tenascin, fibronectin,
vitronectin, thrombospondin, placenta extracts or
combinations thereof.Furthermore, the adult
pancreatic-derived stromal cells can be expanded in
vitro under hypoxic or normoxic conditions. Under the
above growth conditions for expansion, the adult
pancreatic-derived stromal cells isolated in
accordance with the present invention can be expanded
for more than about 20 population doublings,
alternatively, more than about 50 population
doublings, alternatively, more than about 70
population doublings while maintaining the potential
to differentiate into cells with characteristics of a
b-cell lineage. Differentiation Of Adult
Pancreatic-Derived Stromal Cells In one aspect, the
present invention provides compositions capable of
differentiating the expanded adult pancreatic-derived
stromal cells of this invention into cells bearing
markers characteristic of the b-cell lineage. A basic
defined culture medium, when supplied with one or more
components, that support the growth of adult
pancreatic-derived stromal cells and with
differentiationinducing amounts of one or more growth
factors, is referred to as an "induction medium." In
accordance with the present invention, the induction
medium contains less than or equal to 2% serum. In one
embodiment, fetal calf serum may be used.
Alternatively, fetal bovine serum may be replaced by
serum from any mammal, or by human albumin, bovine
albumin or other compounds that permit or enhance
differentiation of adult pancreatic-derived stromal
cells to the b cell lineage. Alternatively, the
induction medium may be conditioned medium. Factors
appropriate for use in the induction medium may
include, for example, nicotinamide, members of TGF-b
family, including TGF-bl , 2, and 3, bone morphogenic
proteins (BMP-2, -4, 6, -7, -11, -12, and -13), serum
albumin, fibroblast growth factor family,
platelet-derived growth factor-AA, and -BB, platelet
rich plasma, insulin growth factor (IGF-I, II) growth
differentiation factor (GDF-5, -6, -8, - 10, 11),
glucagon like peptide-I and II (GLP-I and II), GLP-I
and GLP-2 mimetobody, Exendin-4, retinoic acid,
parathyroid hormone, insulin, progesterone, aprotinin,
hydrocortisone, ethanolamine, beta mercaptoethanol,
epidermal growth factor (EGF), gastrin I and II,
copper chelators such as triethylene pentamine, TGF-a,
forskolin, NaButyrate, activin, betacellulin, ITS,
hepatocyte growth factor (HGF), keratinocyte growth
factor (KGF), bovine pituitary extract, islet
neogenesis-associated protein (INGAP), proteasome
inhibitors, histone deacetylase inhibitors, notch
pathway inhibitors, sonic hedgehog inhibitors, or
combinations thereof. In one aspect of the present
invention, a combination of growth factors and
chemical agents, including bFGF, Activin-A, FGF5, N2
and B27 supplements (Gibco, CA), steroid alkaloid such
as, for example, cyclopamine (EMD, CA) that inhibits
sonic hedgehog signaling, and a proteasome inhibitor
such as, for example MGl 32 (EMD, CA), is supplied to
a basic defined medium to support differentiation of
adult pancreatic-derived stromal cells into a b-cell
lineage. In one aspect, the cells are 



cultured in an induction media composed of DMEM (low
glucose, 5.5 mM) containing 10 micromolar MG-132 for
about one to about two days, followed by additional
incubation for about three to about seven days in an
induction media supplemented with IX B27 (Gibco, CA)
and IX N2 (Gibco, CA) and further supplemented with
Cyclopamine (10 mM; EMD, CA), bFGF (20 ng/ml; R&D
Systems, MN), Activin A (20 nM; R&D Systems, MN) or
FGF5 (20 ng/ml; R&D Systems, MN) for an additional
five days. In another aspect of the present invention,
a combination of growth factors and chemical agents,
including a proteasome inhibitor such as, for example
MGl 32 (EMD, CA), is supplied to a basic defined
medium to support differentiation of adult
pancreatic-derived stromal cells into a b-cell
lineage. In one aspect, the cells are cultured in
induction media composed of DMEM (low glucose, 5.5 mM)
containing a range of MG-132 concentrations from one
to ten micromolar for about one to about two days,
followed by additional incubation for about one to
about two days with a histone deacetylase inhibitor
such as, for example, Trichostatin A (Sigma, MO).
Following the removal of these inhibitors, the cells
are cultured in an induction media supplemented with
factors appropriate for use in the induction medium
which may include, for example, nicotinamide, members
of TGF-b family, including TGF-bl , 2, and 3, bone
morphogenic proteins (BMP-2, -4, 6, -7, -11, -12,
and-13), serum albumin, fibroblast growth factor
family, platelet-derived growth factor-AA, and -BB,
platelet rich plasma, insulin growth factor (IGF-I,
II) growth differentiation factor(GDF-5, -6, -8, -10,
11), glucagon like peptide-I and II (GLP-I and II),
GLP-I and GLP-2 mimetobody, Exendin-4, retinoic acid,
parathyroid hormone, insulin, progesterone, aprotinin,
hydrocortisone, ethanolamine, beta mercaptoethanol,
epidermal growth factor (EGF), gastrin I and II,
copper chelators such as triethylene pentamine, TGF-a,
forskolin, Na-Butyrate, activin, betacellulin, ITS,
hepatocyte growth factor (HGF), keratinocyte growth
factor (KGF), bovine pituitary extract, islet
neogenesis-associated protein (INGAP), proteasome
inhibitors, histone deacetylase inhibitors, notch
pathway inhibitors, sonic hedgehog inhibitors, or
combinations thereof for an additional period of time
to achieve the desired degree of differentiation to a
b-cell lineage. The combination and concentrations of
growth factors, the length of culture, and other
culture conditions can be optimized by those skilled
in the art to achieve effective differentiation by,
e.g., monitoring the percentage of cells that have
differentiated into cells characteristic of the b-cell
lineage. The one or more growth factors may be added
in an amount sufficient to induce the differentiation
of the pancreatic stromal cells of the present
invention into cells bearing markers of a b-cell
lineage over a time period of about one to four weeks.
Alternatively, the adult pancreatic-derived stromal
cells of the present invention may be utilized in an
in vitro assay to test for agents mat are capable of
inducing cells to differentiate into a b-cell lineage.
Cells may be contacted with one or more than one agent
and changes in gene expression monitored over time. An
example of the method that may be employed is
disclosed in Example 9 below. Therapeutic Use of The
Cells of The Present Invention. It was found that the
adult pancreatic-derived stromal cells isolated and
expanded according to the methods of this invention
maintain the ability to differentiate into cells of a
pancreatic b-cell lineage. The cells of the present
invention can be utilized for the treatment of Type 1
and 2 diabetes. In one aspect, the present invention
provides a method for treating a mammal suffering
from, or at risk of developing Typel diabetes. This
method involves isolating andculturing adult
pancreatic-derived stromal cells, expanding the
isolated population of cells, differentiating the
cultured cells in vitro into a b-cell lineage, and
implanting the differentiated cells either directly or
in a pharmaceutical carrier into the mammal. If
appropriate, the mammal can be further treated with
pharmaceutical agents or bioactives that facilitate
the survival and function of the transplanted cells.
These agents may include, for example, insulin,
members of the TGF-b family, including TGF-bl , 2, and
3, bone morphogenic proteins (BMP-2, -3, -4, -5, -6,
-7, -11, -12, and - 13), fibroblast growth factors-1
and -2, platelet-derived growth factor-AA, and-BB,
platelet rich plasma, insulin growth factor (IGF-I,
II) growth differentiation factor (GDF-5, -6, -8, -10,
-15), vascular endothelial cell-derived growth factor
(VEGF), pleiotrophin, endothelin, among others. Other
pharmaceutical compounds can include, for example,
nicotinamide, glucagon like peptide-I (GLP-I) and II,
GLP-I and 2 mimetibody, Exendin-4, retinoic acid,
parathyroid hormone, MAPK inhibitors, such as, for
example, compounds disclosed in U.S. Published
Application 2004/0209901 and U.S. Published
Application 2004/0132729. In yet another aspect, this
invention provides a method for treating a mammal
suffering from, or at risk of developing Type 2
diabetes. The method involves isolating and culturing
adult pancreatic-derived stromal cells according to
the present invention, expanding the isolated
population of cells, differentiating the cultured
cells in vitro into a b-cell lineage, and implanting
the differentiated cells either directly or in a
pharmaceutical carrier into the mammal. In yet another
embodiment, the adult pancreatic-derived stromal cells
of the present 



invention can be transplanted with mature islets of
the same or different animal species to enhance the
survival of the stromal cells or to induce further
differentiation of the stromal cells into a b-cell
lineage. The source of pancreatic tissue from which
the stromal cells of the present invention are
isolated can be autologous in relation to the mammal
undergoing the therapeutic treatment. Alternatively,
the source may be allogeneic, or xenogeneic. Cells to
be administered to a mammal can also be genetically
modified to enhance proliferation and/or
differentiation or prevent or lessen the risk of
immune rejection. Alternatively,the adult
pancreatic-derived stromal cells obtained in
accordance with the present invention can be used to
modulate the recipient's immune response, prior to
transplantation of differentiated cells prepared in
accordance with the present invention. See, for
example, U.S. Patent 6,328,960, U.S. Patent 6,281,012.
The adult pancreatic-derived stromal cells of the
present invention can be fully differentiated into an
insulin-producing cell, prior to transplantation into
a recipient. In a specific embodiment, the adult
pancreatic-derived stromal cells of the present
invention are fully differentiated into b-cells, prior
to transplantation into a recipient. Alternatively,
the adult pancreatic-derived stromal cells of the
present invention can be transplanted into a recipient
in an undifferentiated or partially differentiated
state. Further differentiation may take place in the
recipient. The cells, undifferentiated or otherwise,
can be used as dispersed cells or formed into clusters
that can be infused into the hepatic portal vein.
Alternatively, the cells can be provided in
biocompatible degradable polymeric supports, porous
non-degradable devices or encapsulated to protect from
host immune response. The cells can be implanted into
an appropriate site in a recipient. The implantation
sites include, for example, the liver, natural
pancreas, renal subcapsular space, omentum,
peritoneum, subserosal space or a subcutaneous pocket.
To enhance further differentiation, survival or
activity of implanted cells, additional factors, such
as growth factors, antioxidants or anti-inflammatory
agents, can be administered before, simultaneously
with, or after the administration of the cells. In
certain embodiments, growth factors are utilized to
differentiate the administered cells in vivo. These
factors can be secreted by endogenous cells and
exposed to the administered stromal cells i situ.
Implanted stromal cells can be induced to
differentiate by any combination of endogenous and
exogenously administered growth factors known in the
art. The amount of cells used in implantation depends
on a number of factors including the patient's
condition and response to the therapy, and can be
determined by one skilled in the art.In one aspect,
this invention provides a method for treating a mammal
suffering from, or at risk of developing diabetes. The
method includes isolating and culturing adult
pancreatic derived stromal cells according to the
present invention, expanding the isolated population
of cells, differentiating in vitro the cultured
stromal cells into a b- cell lineage, and
incorporating the cells into a three-dimensional
support. The cells can be maintained in vitro on this
support prior to implantation into the mammal.
Alternatively, the support containing the cells can be
directly implanted in the mammal without additional in
vitro culturing. The support can optionally be
incorporated with at least one pharmaceutical agent
that facilitates the survival, differentiation and
function of the transplanted cells. Support materials
suitable for use for purposes of the present invention
include tissue templates, conduits, barriers, and
reservoirs useful for tissue repair. In particular,
synthetic and natural materials in the form of foams,
sponges, gels, hydrogels, textiles, and nonwoven
structures, which have been used in vitro and in vivo
to reconstruct or regenerate biological tissue, as
well as to deliver chemotactic agents for inducing
tissue growth, are suitable for use in practicing the
methods of the present invention. See, e.g., the
materials disclosed in U.S. Patent 5,770,417, U.S.
Patent 6,022,743, U.S. Patent 5,567,612, U.S. Patent
5,759,830, U.S. Patent 6,626,950, U.S. Patent
6,534,084, U.S. Patent 6,306,424, U.S. Patent
6,365,149, U.S. Patent 6,599,323, U.S. Patent
6,656,488, and U.S. Patent 6,333,029. Exemplary
polymers suitable for use in the present invention are
disclosed in U.S. Published Application 2004/0062753
Al and U.S. Patent 4,557,264. To form a support
incorporated with a pharmaceutical agent, the
pharmaceutical agent can be mixed with the polymer
solution prior to forming the support. Alternatively,
a pharmaceutical agent could be coated onto a
fabricated support, preferably in the presence of a
pharmaceutical carrier. The pharmaceutical agent may
be present as a liquid, a finely divided solid, or any
other appropriate physical form. Alternatively,
excipients may be added to the support to alter the
release rate of the pharmaceutical agent. In an
alternate embodiment, the support is incorporated with
at least one pharmaceutical compound that is an
anti-inflammatory compound, such as, for example
compounds disclosed in U.S. Patent 6,509,369.In one
embodiment, the support is incorporated with at least
one pharmaceutical compound that is an anti-apoptotic
compound, such as, for example, compounds disclosed in
U.S. Patent 6,793,945. In another embodiment, the
support is incorporated with at least one
pharmaceutical compound that is an inhibitor of
fibrosis, such as, for example, compounds disclosed 



in U.S. Patent 6,331,298. In a further embodiment, the
support is incorporated with at least one
pharmaceutical compound that is capable of enhancing
angiogenesis, such as, for example, compounds
disclosed in U.S. Published Application 2004/0220393
and U.S. Published Application 2004/0209901. In still
another embodiment, the support is incorporated with
at least one pharmaceutical compound that is an
immunosuppressive compound, such as, for example,
compounds disclosed in U.S. Published Application
2004/0171623. In a further embodiment, the support is
incorporated with at least one pharmaceutical compound
that is a growth factor, such as, for example, members
of the TGF-b family, including TGF-bl , 2, and 3, bone
morphogenic proteins (BMP-2, -3, -4, -5, -6, -7, - 11,
-12, and -13), fibroblast growth factors-1 and -2,
platelet-derived growth factor- AA, and -BB, platelet
rich plasma, insulin growth factor (IGF-I, II) growth
differentiation factor (GDF-5, -6, -8, -10, -15),
vascular endothelial cell-derived growth factor
(VEGF), pleiotrophin, endothelin, among others. Other
pharmaceutical compounds can include, for example,
nicotinamide, hypoxia inducible factor 1-alpha,
glucagon like peptide-I and II (GLP-I, -2), GLP-I and
GLP-2 mimetibody, , Exendin- 4, retinoic acid,
parathyroid hormone, tenascin-C, tropoelastin,
thrombin-derived peptides, cathelicidins, defensins,
laminin, biological peptides containing cell- and
heparin-binding domains of adhesive extracellular
matrix proteins such as fibronectin and vitronectin,
MAPK inhibitors, such as, for example, compounds
disclosed in U.S. Published Application 2004/0209901
and U.S. Published Application 2004/0132729. The
incorporation of the cells of the present invention
into a scaffold can be achieved by the simple
depositing of cells onto the scaffold. Cells can enter
into the scaffold bysimple diffusion (J. Pediatr.
Surg. 23 ( 1 Pt 2): 3-9 (1988)). Several other
approaches have been developed to enhance the
efficiency of cell seeding. For example, spinner
flasks have been used in seeding of chondrocytes onto
polyglycolic acid scaffolds (Biotechnol. Prog. 14(2):
193-202 (1998)). Another approach for seeding cells is
the use of centrifugation, which yields minimum stress
to the seeded cells and enhances seeding efficiency.
For example, Yang et al. developed a cell seeding
method (J. Biomed. Mater. Res. 55(3): 379-86 (2001)),
referred to as Centrifugational Cell Immobilization
(CCI). The present invention is further illustrated,
but not limited by, the following examples. Example 1
The Establishment of Human Adult Pancreatic-Derived
Stromal Cell Lines Pancreas Preparation - Human
pancreata not suitable for clinical transplantation
were obtained from The National Disease Research
Interchange (Philadelphia, PA), following appropriate
consent for research use. The pancreas was transferred
with organ preservation solution to a stainless steel
pan on ice and trimmed of all extraneous tissue. The
pancreatic duct was cannulated with an 18-gauge
catheter and the pancreas was injected with an enzyme
solution, which contained the LIBERASE HI (tm)enzyme
(Roche - 0.5 mg/ml) and DNase I (0.2 mg/ml), dissolved
in Dulbecco's Phosphate Buffered Saline (DPBS). Rapid
Mechanical Dissociation Followed by Enzymatic
Digestion - The enzyme infused pancreata were
homogenized in a tissue processor, pulsed 3 to 5 times
for 3 to 5 seconds/pulse, and the dissociated tissue
were transferred to two 500 ml trypsinizing flasks
(Bellco) containing magnetic stir bars. Thereafter, 50
to 100 ml of the enzyme solution was added to each
flask. The flasks were placed in a 37C water bath on
submersible stir plates and allowed to incubate with
an intermediate stir rate for 10 minutes. The stirring
was stopped and the fine digested tissue was removed
from the flask and transferred into 250 ml tube
containing DPBS, 5% Fetal Bovine Serum (FBS) and 0.1
mg/ml DNase I (DPBS+) at 4C to quench the digestion
process. The flasks were replenished with 50 to 100 ml
of the enzyme solution and returned to thewater bath
and the stirring was re-initiated for an additional
ten minutes. Again, the flasks were removed and the
fine digest was collected and transferred to the 250
ml tubes on ice. This process was repeated for
additional 3-5 times until the pancreas was completely
digested. Gradual Mechanical Dissociation with
Simultaneous Enzyme Digestion - The enzyme infused
pancreata were processed according to methods as
described in Diabetes 37:413-420 (1988). Briefly, the
pancreata were cleaned of extraneous tissue and
injected with the enzyme solution as described above.
The pancreata were then placed into a Ricordi Chamber
with beads and covered with a screen with a mesh size
of 400 to 600 mm to retain larger clusters of tissue.
The chamber was covered and the enzyme solution was
circulated through the chamber at approximately 37C
and the chamber was shaken to allow beads to disrupt
pancreatic tissue while the enzyme digested the
pancreas. Once adequate dissociation and digestion was
achieved, the digestion was terminated and the tissue
was collected. Tissue Separation - The collected
tissue was centrifuged at 150 x g for 5 minutes at 4C.
The supernatant was aspirated and the tissue was
washed two additional times in DPBS+. Following the
final wash, the tissue was applied to a discontinuous
gradient for purification. The digested tissue was
suspended in polysucrose (Mediatech, VA) with a
density of 1.108 g/ml at a ratio of 1 to 2 ml tissue
pellet per 10 ml of 



polysucrose solution. The tissue suspension was then
transferred to round-bottom polycarbonate centrifuge
tubes and polysucrose solutions with densities of
1.096 and 1.037 were carefully applied to the tubes. A
final layer of DMEM completed the discontinuous
purification gradient. The gradient tubes were
centrifuged at 2000 rpm for 20 minutes at 4C with no
brake applied. Following centrifugation, the tissue
was collected from each interface (three interfaces)
and washed several times in DPBS+ as described above
and collected in a 50 ml test tube. Further Cell
Cluster Dissociation - Optionally, one can further
dissociate large cell clusters obtained using the
above protocol into smaller clusters or single cell
suspensions. After the final wash, the tissue from
each fraction was suspended in 10 ml IX trypsin/EDTA
solution containing 200U/ml DNase I. The tubes were
placed inthe water bath and repeatedly aspirated and
discharged from a 10 ml serological pipette for 5 to 6
minutes until a near single cell suspension is
achieved. The digestion was quenched with the addition
of 4C DPBS+ and the tubes centrifuged at 800 rpm for 5
minutes. The cell suspensions were washed with DPBS+
and cultured as described below. Pancreatic Cell
Culture - Following the final wash, the cells from
each interface were resuspended in DMEM, 2% FBS, 100
U/mg penicillin/streptomycin, ITS, 2 mM LGlutamine,
0.0165 mM ZnSO4 (Sigma), and 0.38 mM 2-mercaptoethanol
(Invitrogen, CA) (hereinafter "the selection media").
Six ml of the cell suspension was seeded in T-25
tissue culture flasks and 12 ml of the cell suspension
was seeded into T-75 flasks. The flasks were placed in
370C incubators with 5% CO2. Following two to about
four weeks culture, a complete media change was
performed and adherent cells were returned to culture
in DMEM (2750 mg/1 D-glucose, 862 mg/1 glutamine)
(Gibco, CA) with 5% FBS (HyClone, UT), 1% P/S, 0.0165
mM ZnSO4 (hereinafter "the growth media") and allowed
to reach near confluence (this stage is referred to as
"passage 0" or "PO"), at which point they were
passaged. Subsequent culturing of the cells was at
5000 cell/cm 2 in the growth media. Cultures were
passaged every seven to ten days at approximately 70
to 90% confluency. Figure 2 depicts the typical
morphology of the adult pancreatic-derived stromal
cells of the present invention. Example 2 Population
Doubling Time Passage 10 and 12 adult
pancreatic-derived stromal cells isolated and expanded
according to Example 1 above were seeded at 10000
cells/well of a 24-well tissue culture plate (Corning,
MA) in the growth media. At various time points, cells
were removed from three wells of the plate using
TRYPLE(tm) Express (Invitrogen, CA) and counted using
a Guava PCA-96 cell analysis system and the
VIACOUNT(r) reagent (Guava, CA). Figure 3 depicts the
growth curve of passage 10 cells cultured under
normoxic conditions. The linear phase of the log plot
was used to estimate thepopulation doubling time of
the cells. Population doubling time of passage 10 and
12 cells was 36 hrs and 38 hrs, respectively. Example
3 Expansion Potential of Adult Pancreatic-Derived
Stromal Cells Adult pancreatic-derived stromal cells
isolated according to Example 1 were cultured in a
75cm2 tissue culture treated flask (Corning, MA) under
normoxic conditions (5% CO , 20% O2, and 75% N2) for 3
wks in the selection media. The cultures were then
switched to growth media and fed two to three times
per week. The cells were allowed to reach near
confluence, at which point they were passaged.
Cultures were passaged every 7-14 days at
approximately 70 to 95% confluency for the first 9
passages during which time the cell population
doubling time was greater than 100 hrs. Following the
tenth passage the cell growth rate increased and the
population doubling time was reduced to approximately
40 hrs with the cells passaged every 4 to 6 days.
Cells were harvested from flasks at each passage using
TRYPLE(tm) Express (Invitrogen, CA) and counted using
a Guava PCA-96 cell analysis system and the
VIACOUNT(r) reagent (Guava, CA). The cells continue to
proliferate in expansion media culture for 132 days,
currently reaching 40 population doublings and a
projected 1012 fold increase in cell numbers. (See
Figure 6) Example 4 Expansion Potential of a Number of
Adult Pancreatic-Derived Stromal Cell Lines Adult
pancreatic-derived stromal cells isolated according to
Example 1 were either cultured under hypoxic
conditions (5% CO2, 3% O2, and 92% N2) or normoxic
conditions (5% CO2, 20% O2, and 75% N2) for two to
four weeks in the selection media. The cultures were
then switched to the growth media and fed two to three
times per week. After the initial culture period,
adherent cells were observed in plates cultured under
hypoxic and normoxic conditions. Furthermore,
following the initial two to four weeks of culturing,
there were very few remaining islet-like or ductal
structures in the plates.The in vitro expansion
potential of the adult pancreatic-derived stromal cell
lines, isolated from a number of donor pancreata was
tested, using a variety of media. Cells from fractions
3, 4 and 5 were cultured under normoxic conditions on
tissue culture treated flasks, in media comprising
DMEM, 5% FBS, 25mM HEPES 0.0165 mM ZnSO4,. Parallel
populations of cells were cultured in CMRL1066, 10%
FBS, 25mM HEPES, or DMEM, 10% FBS, 25 mM HEPES, all
cultures were supplemented with 



antibiotics. Cultures were allowed to reach confluence
before passage. Table VI describes the population
doubling time (PDT), the total number of population
doublings (PD) and the projected cell number, of the
cell lines cultures iinder the conditions tested.
Example 5 Selection of CDl 05 Positive Cells At about
70% confhiency, PO adult pancreatic-derived cells
isolated according to Example 1 were released using
the TRYPLE(tm) Express (Invitrogen, CA) solution,
followed by rinsing with the growth media (DMEM 5%
FBS, 0.0165 mM ZnSO4 and 1% P/S). The cell suspension
was centrifuged for 5 mins at 1400 RPM, and the
supernatant was discarded. The resulting cell pellet
was resuspended in phosphate buffered saline (PBS),
supplemented with 0.5% bovine serum albumin (BSA) and
2 mM EDTA. The cells were selected for a CD105
positive population following manufacturer's
instructions (Miltenyi Biotech, CA). The isolation of
CD105 positive fraction was confirmed by using flow
cytometry and using mouse anti-human CD105PE-labeled
antibody (Santa Cruz, CA). The positive fraction was
cultured in growth media. The CD105 positive fraction
consisted mainly of proliferating adult
pancreatic-derived stromal cells. Example 6
Fluorescence-Activated Cell Sorting (FACS) Analysis
Adhered cells were removed from passage 9-12 plates by
five-minute incubation with the TRYPLE(tm) express
solution (Gibco, CA). Released cells were resuspended
inDMEM supplemented with 10% FBS and recovered by
centrifiagation, followed by washing and resuspending
the cells in a staining buffer consisting of 2% BSA,
0.05% sodium azide (Sigma, MO) in PBS. If appropriate,
the cells were Fc-receptor blocked using a 0.1%
g-globulin (Sigma) solution for 15 mins. Aliquots
(approximately 105 cells) were incubated with either
phycoerythirin (PE) or allophycocyanin (APC)
conjugated monoclonal antibodies (5 ml antibody per
106 cells), as indicated in Table H-A, or with an
unconjugated primary antibody. Controls included
appropriate isotype matched antibodies, non-stained
cells, and cells only stained with secondary
conjugated antibody. AUincubations with antibodies
were performed for 30 mins at 4C, after which the
cells were washed with the staining buffer. Samples
that were stained with unconjugated primary antibodies
were incubated for additional 30 mins at 4C with
secondary conjugated PE or -APC labeled antibodies.
See Table H-B for a list of secondary antibodies used.
Washed cells were pelleted and resuspended in the
staining buffer and the cell surface molecules were
identified by using a FACS Array (BD Biosciences) by
collecting at least 10,000 events. For intracellular
staining, cells werefirst fixed for 10 mins with 4%
paraformaldheyde, followed by two rinses in the
staining buffer, centrifugation of cells and
resuspension of the cells in a permeabilization buffer
containing 0.5% Triton-X (Sigma) in PBSfor 5 mins at
room temperature (RT). Tlte permeabilized cells were
rinsed twice with a rinsing buffer, centrifuged, and
resuspended in the staining buffer and incubated with
an appropriate conjugated antibody (5 ml antibody per
106 cells), as indicated in Table JT-Cfor 30 mins at
4C. Samples that were stained with unconjugatedprimary
antibodies were incubatedfor additional 30 mins at 4C
with secondary conjugated PE or -APC labeled
antibodies (Table II B). Washed cells were pelleted
and resuspended in the staining buffer and the
internal proteins were identified by using a FACSArray
(BD Biosciences) by collecting at least 10,000 events.
The expression level of examined surface and internal
markers is listed in Table III and Table IV. Figure 4
depicts a sample FACS profile of passage 9 cells.
Example 7 Immunostaining of Adult Pancreatic-Derived
Stromal Cells10,000 cells/cm2 passage 10 adult
pancreatic-derived stromal cells, cultured according
to Example 1, were seeded into glass bottom 35 mm
microwell dishes (Matek Corp, MA) in growth media.
Following three days in culture, the cells were fixed
for 10 mins with 4% paraformaldheyde, followed by two
rinses in the PBS, and addition of a permeabilization
buffer containing 0.5% Triton-X (Sigma) for 5 mins at
room temperature (RT) followed by additional three
rinses with PBS. The fixed and permeabilized cells
were blocked with either 1% bovine serum albumin (BSA)
or 4% sera from the species where the secondary
antibody was raised in (Goat, donkey, or rabbit).
Primary and secondary antibodies used are listed in
Table V A-B. Control samples included reactions with
the primary antibody omitted or where the primary
antibody was replaced with corresponding
immunoglobulins at the same concentration as the
primary antibodies. Stained samples were rinsed with a
PROLONG(r) antifade reagent (Invitrogen, CA)
containing diamidino-2-phenylindole, dihydrochloride
(DAPI) to counter stain the nucleus. Images were
acquired using a Nikon Confocal Eclipse C-I inverted
microscope (Nikon, Japan) and a 6OX objective. During
the expansion phase, a majority of the cells stained
positive for smooth-muscle actin, Nestin, vimentin,
beta III tubulin, and GATA4 (Figure 5), a minority of
cells (less than 5%) stained positive for GFAP, and
none of the cells stained positive for CK 7 or CK 19.
Example 8 



PCR Analysis Of Adult Pancreatic-Derived Stromal Cells
RNA was extracted from passage 9 cells cultured in the
growth media. RNA collected from human pancreas was
used as positive control; and bone marrow derived
mesenchymal cells (Cambrex, MD) was used as negative
controls for the expression of key genes involved in
pancreatic development. RNA extraction, purification,
and cDNA synthesis. RNA samples were purified through
its binding to a silica-gel membrane (Rneasy Mini Kit,
Qiagen, CA) in the presence of an ethanol-containing,
high-salt buffer; while contaminants were washed away.
The RNA was further purified while bound to the column
by treatment with DNase I (Qiagen, CA) for 15 min.
High-quality RNA was then eluted in water. Yieldand
purity were assessed by A260 and A280 readings on the
spectrophotometer. cDNA copies were made from purified
RNA using an ABI (ABI, CA) high capacity cDNA archive
kit. Real-time PCR amplification and quantitative
analysis. Unless otherwise stated, all reagents were
purchased from Applied Biosystems. Real-time PCR
reactions were performed using the ABI PRISM(r) 7000
Sequence Detection System. TAQMAN(r) UNIVERSAL PCR
MASTER MIX(r) (ABI, CA) was used with 20 ng of reverse
transcribed RNA in a total reaction volume of 20 ml.
Each cDNA sample was run in duplicate to correct for
pipetting errors. Primers and FAM-labeled
TAQMAN(r)probes were used at concentrations of 200 nM.
The level of expression of each target gene was
normalized using the pre-developed Applied Biosystem's
18S ribosomal RNA or human glyceraldehydes-3-phosphate
dehydrogenase (GAPDH) endogenous control kit. Primers
and probes were either designed using ABI PRISM PRIMER
EXPRESS(tm) software or used pre-developed ABI gene
analysis kit. For each gene, either one of the primers
or the probe were designed to be exon-boundary
spanning. This eliminated the possibility of the
primers/probe binding to any genomic DNA present. The
primer and probe sets are listed as following Nkx2.2
(Hs00159616), Pdx-1 (Hs00426216), Nkxb.l (Hs00232355),
Ngn3 (Hs00360700), Pax4 (Hs00173014), Pax6
(Hs00240871), Insulin (Hs00355773), Glu2 (Hs00165775),
glucagon (Hs00174967), IsI-I (Hs00158126),
somatostatin (Hs00174949), FoxA2 (Hs00232764), HlxB9
(Hs00232128), GATA-4 (Hs00171403), GFAP (Hs00157674),
MAP2 (Hs00159041), Olig2 (Hs00377820) and Oct-4
(CGACCATCTGCCGCTTTGAG (SEQ ID NO: 1) and
CCCCCTGTCCCCCA TTCCTA (SEQ ID NO: 2)) Rex-1
(CAGATCCTAAACAGCTCGCAGAAT (SEQ ID NO: 3) and
GCGTACGCAAATTAAACTCCAGA(SEQ ID NO: 4)). After an
initial 500C for 2 min, and 95C for 10 min, samples
were cycled 40 times in two stages - a denaturation
step at 95C for 15 sec followed by an
annealing/extension step at 600C for 1 min. Data
analysis was carried out using GENEAMP(r)7000 Sequence
Detection System software. For each primer/probe set,
a Q value was determined as the cycle number at which
the fluorescence intensity reached a specific value in
the middle of the exponential region of amplification.
Relative gene expression levels were calculatedusing
the comparative Q method. Briefly, for each cDNA
sample, the endogenous control Q value was subtracted
from the gene of interest Q to give the delta Q value
(DCt). The normalized amount of target was calculated
as 2 LCt, assuming amplification to be 100%
efficiency. Final data were expressed relative to a
calibrator sample. The comparative Q method is only
valid if target and endogenous control amplification
efficiencies are approximately equal. Preliminary
validation experiments were therefore performed for
each primer/probe set by amplifying serially diluted
cDNA samples and determining the DCt values. These DQ
values remain constant across the range of dilutions
if amplification efficiencies are equal. PCR data
obtained from adult pancreatic-derived stromal cells
cultured in either DMEM + 2% FBS, or DMEM + 10% FBS,
or CMRL + 10% FBS showed that the cells expressed
PDX-I, insulin and HNF-3b initially, following
isolation. However, the expression of these genes
rapidly decreased, such that by passage 9, expression
of these genes was undetectable by real-time PCR
(Figures 7-19). Expression of these genes remained
undetectable for up to passage 30. These data suggest
that the adult pancreatic-derived stromal cells
isolated as described above remained fully
undifferentiated cells while being cultured under
growth conditions. Example 9 Differentiation Protocols
IxIO4 cells/cm2 of passage 13 adult pancreatic-derived
stromal cells were seeded in a 24 well plate (Corning,
CA) and cultured under standard conditions at 37C in a
5% CO incubator in the growth media until 100%
confluent, after which they were cultured for 24 hours
in DMEM (lOOOmg/L D-glucose) with 10 mM of MG132 (EMD,
CA) for 24 hours. Cells were washed once with PBS and
cultured in DMEM (1000 mg/1 D-glucose) supplemented
with IX B27 (Gibco, CA) and IX N2 (Gibco, CA) and
further supplemented with Cyclopamine (10 mM; EMD,
CA), bFGF (20 ng/ml; R&D Systems, MN), Activin A (20
nM; R&D Systems, MN) or FGF5 (20 ng/ml; R&D Systems,
MN) for additional 5 days. RNA was collected from
cells and analyzed forthe expression of PDX-I and
insulin by methods outlined in Example 7. These
culture conditions induced the expression of PDX-I,
but not insulin. In a separate experiment, adult
pancreatic-derived stromal cells from passage 12 and
passage 19 from fraction 3 were seeded at 105
cells/well into 6-well tissue culture 



plates (BD Falcon, NJ) and allowed to reach confluence
whereupon 1 or 10 mM of the gamma secretase inhibitor
InSolution(tm) MG-132 (Calbiochem, CA) was added for 1
day. RNA was collected from cells and analyzed for the
expression of HNF3b, PDX-I, Nkx6.1 and insulin. The
treatment with InSolution(tm) MG-132 alone did not
lead to the expression of key b-cell lineage genes
such as HNF3b, PDX-I, Nkxb.l or insulin. Following
InSolution(tm) MG-132 treatment for 1 day, the cells
were treated with 1.25 or 2.5 mM of the histone
deacetylase inhibitor Trichostatin A (Sigma, MO) for
one day. RNA was collected from cells and analyzed for
the expression of HNF3b, PDX- 1, Nkx.l and insulin.
The combination of the two agents resulted in the
expression of HNF3b, PDX-I, Nkxb.l, and insulin (Table
VII and Figure 20). In a separate experiment, adult
pancreatic-derived stromal cells from passage 18 from
fraction 3 were seeded at 105 cells/well into 6-well
tissue culture plates (BD Falcon, NJ) and allowed to
reach confluence whereupon 10 mM of the gamma
secretase inhibitor [(2R, 4R, 5S)-2-Benzyl-5
(Boc-amino)-4-hydroxy-6-phenyl-hexanoyl]-Leu- Phe-NH2
(Sigma, MO, hereafter referred to as B5306) was added
for 1, 3, 7, 10, and 14 days. RNA was collected from
cells and analyzed for the expression of HNF3b, PDX-I,
Nkx.l and insulin. The treatment with B5306 alone did
not lead to the expression of b-cell lineage genes
such as HNF3b, PDX-I, Nkx.l or insulin. Following
B5306 treatment for 1,7, or 14 days the cells were
treated with 1.25 or 2.5 mM of the histone deacetylase
inhibitor Trichostatin A (Sigma, MO) for one day. RNA
was collected from cells and analyzed for the
expression of HNF3b, PDX-I, Nkxb.l and insulin. The
combination of the two agents resulted in the
expression of HNF3b, PDX-I, Nkxb.l, but not insulin
(Table VIH). In a separate experiment, adult
pancreatic-derived stromal cells from passage 5 were
seeded into 6-well tissue culture plates at 105
cells/well and incubated with theinduction media
listed in Table IX for two weeks with a complete media
change twice a week. Following two weeks incubation,
RNA was collected from representative wells and
analyzed for the expression of pancreatic genes. The
cells were found to be positive for glucagon, Nkx .l,
Pax6, and somatostatin but not insulin, PDX-I, or
HNF3b (see Table X - differentiation column). In a
parallel experiment, the effects of cell aggregation
on pancreatic gene expression were examined. Following
the two weeks incubation with the various induction
media, the induction media was removed and the adult
pancreatic-derived stromal cells were treated with
0.05% trypsin/EDTA (Invitrogen, CA) for two minutes
whereupon it was removed. Serum free media consisting
of CMRL 1066 (Invitrogen, CA), 1% BSA (Sigma, MO), and
ITS (Invitrogen, CA) was then added to each of the
remaining wells. The following day the cells had
formed islet-like aggregates and RNA was collected and
analyzed for the expression of pancreatic genes. The
cells were found to be positive for insulin and HNF3b
by methods outlined in Example 7 (see TableX -
aggregation column). In a separate experiment, adult
pancreatic-derived stromal cells from passage 13 were
seeded into 6-well tissue culture plates at 105
cells/well and incubated with the induction media
listed in Table IX for two weeks with a complete media
change twice a week. Following two weeks incubation,
RNA was collected from representative wells and
analyzed for the expression of pancreatic genes. The
cells were found to be positive for glucagon, Nkx6.1,
Pax6, and somatostatin but not insulin, PDX-I, or
HNF3b (see Table X differentiation column). In a
parallel experiment, the effects of cell aggregation
on pancreatic gene expression were examined. Following
the two weeks incubation with the various induction
media, the induction media was removed and the cells
were treated with 0.05% trypsin/EDTA (Invitrogen, CA)
for two minutes whereupon it was removed. Serum free
media consisting of CMRL 1066 (Invitrogen, CA), 1% BSA
(Sigma, MO), and ITS (Invitrogen, CA) was then added
to each of the remaining wells. The following day the
cells had formed islet-like aggregates and RNA was
collected and analyzed for the expression of
pancreatic genes. The cells were found to be positive
for insulin and HNF3b by methods outlined in Example 7
(see Table X- aggregation column).Taken together,
these data suggest that the adult pancreatic-derived
stomal cells of the present invention are capable of
differentiating towards cells of the b-cell lineage..
Example 10 Cryopreservation of Adult
Pancreatic-Derived Stromal Cells
Adult-pancreatic-derived stromal cells isolated
according to the methods described in Example 1 were
collected at the desired passage number and are
resuspended in 1 to 2 ml of 90% FBS (HyClone, UT) and
10% DMSO (Sigma, MO) at a concentration of 1 to 5 x
106 cells/ml. The cell suspension was aliquoted into
cryogenic vials (Corning, NY) and transferred to a
Nalgene Cryo 1C Freezing Container and placed into a -
8O0C freezer for a minimum of 4 hrs. The vials were
removed from -800C and transferred to the vapor phase
of a liquid nitrogen storage tank until needed. The
cells were thawed by removing the cryogenic vials from
the vapor phase of a liquid nitrogen storage tank and
transferring them immediately to a 37 water bath and
for 1 to 2 minutes or until only a small ice crystal
remained. The cells were washed with culture media and
placed into 37C culture as described in the above
examples. The cells were then passaged as necessary.
The data shown in Figure 21 demonstrated that the
cryopreservation had little effect on the expansion
potential and growth rate. 



Example 11 Effects of Nutrient Deprivation on Adult
Pancreatic-Derived Stromal Cell Growth Adult
pancreatic-derived stromal cells isolated according to
the methods described in Example 1 were subjected to
different culture conditions and evaluated for the
effects of these conditions on subsequent cell growth
dynamics. Cells isolated from islet depleted/acinar
rich fraction, H8F5 were culture in DMEM, 5.5 mM
glucose (Invitrogen, CA), 10% FBS (HyClone, UT), 2mM
Glutamax, 25 mM HEPES and IX AB/AM (Invitrogen, CA).
In one culture, the cells were fed with fresh media
every 2 to 3 days and by day 8 cells had reached
confluence. The cells were passaged once a week
thereafter upon reaching confluence in the culture
flask. In the second culture,cells were allowed to
grow for 7 days prior to media replacement that
resulted in lower degree of attachment and expansion
as compared to the cells re-fed more frequently. This
culture did not reach confluence until 12 days after
seeding the flask at which point the cells were
passaged. Thereafter, both cells were fed every 2 to 3
days and passaged upon reaching confluence. The cells
were counted at each passage and the projected number
of cells was calculated from the number of cells
originally seeded in the flask and those recovered.
Initially the cells proliferated at the same pace as
is seen in Figure 22. However following the first few
passages, cells that had been deprived of media
replacement in their early culture demonstrated an
increase in growth rate as compared to those cells
that underwent a complete media change every 2 to 3
days after establishing the culture. As shown in
Figure 22, the population doubling time was calculated
as 84.2 hrs for this first culture and 58.5 hrs for
the cells starved from media for the first 7 days
following their establishment in culture. These
results suggest that nutrient deprivation is a means
to selectively establish adult pancreatic-derived
stromal cells with an increased ability to expand as
compare to conventional cell culture techniques.
Example 12 Cytogeneic Analysis of a Representative
Population of Adult Pancreatic-Derived Stromal Cells
of the Present Invention. Adult pancreatic-derived
stromal cells from passage 13 underwent cytogenetic
analysis conducted in compliance with Food and Drug
Administration Good Laboratory Practice Regulations
set forth in Part 58 of Title 21, CFR. The cells were
grown in monolayers in T-75 tissue culture flasks with
DMEM, 5.5 mM glucose (Invitrogen, CA), 10% FBS
(HyClone, UT), 2mM Glutamax, 25 mM HEPES and IX AB/AM
(Invitrogen, CA). When cultures were judged to have a
suitable amount of mitotic cells, chromosome harvests
were performed. The cells were treated with Colcemid
(0.02 to 0.03 mg/ml) for 2 to 18 hours at 37C.
Thereafter, the cells were trypsinized, centrifuged
for 6 to 7 minutes at 200 x g, and the supernatant
removed.The cells were resuspended in warm hypotonic
solution at 370C for 10 to 16 minutes and then
centrifuged as described above. The cells were then
fixed with Carnoy's fixative (3:1 methanol:glacial
acetic acid) at room temperature for 36 to 50 minutes
and washed with Carnoy's fixative twice, and then
resuspended in freshly prepared fixative to produce an
opalescent cell suspension. Drops of the final cell
suspension were placed on clean slides and air-dried.
Chromosome Count per 100 Metaphases. The distribution
of Chromosome numbers found in the 100 metaphases
analyzed is shown in Table XII. The chromosome count
ranged from 45 to 46 chromosomes per metaphase with a
modal chromosome number of 46. Six polyploidy
metaphases (0.6%) were recorded per 1000 cells
analyzed. Chromosome Aberration. The chromosome
aberration data for the 100 metaphases analyzed are
summarized in Table XIII. The cytogeneic data include
the total number of cells analyzed for aberrations,
the total number of aberrant cells, and the total
number of aberrations. No chromosome aberrations were
found in the 100 cells analyzed. G-Banded Chromosome
Analysis/Karyotype. Five karyotypes were prepared
(Human Karyotype # 1 through #5). Cytogeneic analysis
shows that the cell line is of human origin (See
Figures 23 to 27). Normal autosomes were present in
all karyotypes as were the X and Y chromosomes. All
unidentifiable chromosomes and rearrangements were
classified as unidentifiable chromosomes (UC). Two of
the five karyotypes analyzed contained one UC per
karyotype. Example 13 Micro Array Analysis of Adult
Pancreatic-Derived Stromal Cells Derived from
Fractions 3, 4, and 5 from a Human Pancreas. Human
pancreas H5 line was processed according to methods
outlined in Example 1 Cells at passage 6-8 isolated
from islet rich fraction (fraction 3), ductal rich
fraction (fraction 4), and exocrine rich fraction
(fraction 5) were used for gene expressionprofiling.
Total RNA was isolated from human H5 line (fractions
3, 4, and 5) and human pancreas RNA (Ambion) using an
RNeasy mini kit (Qiagen). The sample preparation,
hybridization, and image analysis was performed
according to the CodeLink(tm) System (GE Healthcare,
Amersham Biosciences, NJ). Codelink(tm) Human Whole
Genome arrays were used. It is comprised of
approximately 55 000 30- mer probes designed to
conserved exons across the transcripts of targeted
genes. The 



chip contains ~45000 unique Unigene IDs. Following
normalization and a log transformation, data analysis
was performed using OmniViz(r) software (MA) and
GENESIFTER (VizXLabs, WA). The variance stabilizing
transformation along with cross sample normalization
was applied to the log transformed array dataset. The
variability within each cell line and among the
different cell lines was compared using the Pearson
correlation coefficient. For each cell line, three
biological and two technical replicates were used. For
all the samples analyzed, the correlation coefficient
within a cell line was higher as compared to those
between the lines. Variance in gene expression
profiles between the different cell types are depicted
in Figure 28. Significant differences in gene
expression between the cell types was evaluated using
analysis of variance and an F-test with adjusted
P-value of 0.05. Tables XIV-XVI lists the genes that
are differentially expressed at least 5-fold between
the various cell lines. Example 14 Micro Array
Analysis of Adult Pancreatic-Derived Stromal Cells
from Two Representative Donor Pancreata. Two donor
human pancreata were processed according to methods
outlined in Example 1. Adult pancreatic-derived
stromal cells at passage 9-1 1 isolated from islet
rich fraction (fraction 3) were used for gene
expression profiling. Total RNA was isolated from
cells using an RNeasy mini kit (Qiagen). RNA was
purified , cRNA was labeled and fragmented as per the
manufacturers protocols (Affymetrix, CA). Labeled cRNA
was hybridized to the Ul 33 2.0 plus Affymetrix human
gene chips, which was scanned using an Affymetrix
GeneChip Analyzer. For each cell line, three
biological and two technical replicates were used.
Data was analyzed using OmniViz(r) software(MA) and
GENESIFTER (VizXLabs, WA). The average correlation
coefficient between the H8 replicates was 0.893
(0.892-0.895, n=3) and was 0.906 (0.903-0.909, n=3)
for H9 replicates. Scatter plot comparing gene
expression profile of H8F3 vs. H9 F3 cells is depicted
in Figure 29. Tables XVII and XVIII list the genes
that were assigned the present call by the Affymetrix
software.TABLEL COMPARISON OF THE CELL OF THE PRESENT
INVENTION WITH PANCREATIC STEM CELLS OF THE ART.XFP
TRANSCEIVER WITH 8.5G CDR BYPASS Technical Field The
present invention relates generally to transceiver
modules. More particularly, an exemplary embodiment of
the invention is concerned with a 10Gb/s XFP
transceiver that includes 8.5Gb/s CDR bypass
functionality. Background of the Invention The
proliferation and significance of networking
technology is well known. The ever-increasing demand
for network bandwidth has resulted in the development
of technology that increases the amount of data
traveling across a network. Advancements in modulation
techniques, coding algorithms and error correction
have drastically increased rates of this data. For
example, a few years ago, the highest rate that data
could travel across a network was at approximately one
Gigabit per second (Gb/s). This rate has increased
ten-fold today where data travels across Ethernet and
SONET (Synchronous Optical Network) networks at
upwards of 10 Gb/s. For instance, the XFP (10 Gb/s
serial electrical interface) Pluggable Module
Multi-Source Agreement is directed at transceivers
operating at approximately 10 Gb/s. Figure 1
illustrates some of the shortcomings of a transceiver
module 100 commonly used in prior art networking
devices. The transceiver module 100 is coupled to a
network via interfaces 130, 135 and to a host device
105 such as a media access controller ("MAC") card or
SONET framer. The transceiver module 100 has a
receiver 115 that is coupled to network interface 130
and a first serializer/deserializer ("SERDES") 110.
The first SERDES 110 is coupled to the host 105 via a
parallel bus 140. An example of this parallel bus 140
may be a (XAUI) 10-Gigabit Attachment Unit Interface
that has four 3.125 Gb/s channels that transfer an
aggregate 10 Gb/s data stream between the transceiver
module 100 and the host 105. The transceiver module
100 also has a transmitter 125 that is coupled to
network interface 135 and a second SERDES 120. The
second SERDES 120 is coupled to the host 105 via a
second parallel bus 145 such as the XAUI described
above. In operation, a serial optical data stream
received by the transceiver module 100 is converted to
an electrical serial data stream by the receiver 115.
This electrical serial data stream is deserialized by
the SERDES 110 into four channels and transmitted via
the parallel bus 140 to the host 105 for processing.
This deserialization occurs in order to prevent
further bandwidth degradation of the electrical data
stream and stay below a jitter budget as it continues
to travel along the data path. A high data rate
electrical signal (e.g.,10 Gb/s) is more easily
distorted by imperfections within the data path and by
the inductance of the bus and connections along the
data path. Reflections caused by discontinuities
within a transmission line and amplitude degradations
caused by nodes within a path (e.g., wire bond, solder
bump, etc.) may significantly increase errors within
the signal and increase jitter beyond an acceptable
threshold or budget. Additionally, inductance is
proportionally more severe at higher frequencies.
Thus, the data stream is deserialized onto parallel
transmission lines in order to reduce the rate on each
of these lines and minimize degradation along the data
path. A similar deserialization occurs on the transmit
side of the transceiver module 100 



for the same reasons described above. In particular, a
deserialized electrical data stream is transferred
from the host 105 to the second SERDES 120 via
parallel bus 145. The second SERDES 120 serializes
this electrical signal. The transmitter 125 converts
the serial electrical signal to an optical signal and
transmits it onto the network. One drawback of module
100 is that the SERDES 110, 120 and the interfaces to
the parallel buses 140, 145 require a relatively large
amount of space on the transceiver module 100.
Additionally, SERDES consume power and release a
relatively large amount of heat. Another drawback of
module 100 is that conventional transceiver modules do
not include convenient, cost-effective means to
monitor the status of data paths and confirm proper
operation of the transceiver. Fiberoptic modules
operating at data rates less than 10 Gb/s commonly
employ serial electrical interfaces without any means
of resetting the jitter budget at the inputs and
outputs of the module 100. The most common data rates
for these modules are at 1.0625 Gb/s for Fibre
Channel, 1.25 Gb/s for Gigabit Ethernet, 2.125 Gb/s
for double-rate Fibre Channel, 2.48 Gb/s for OC-48,
2.7 Gb/s for forward error correction ("FEC") rates of
OC-48, and numerous rates less than 1 Gb/s for other
applications. Serial modules are also used for
proprietary links at data rates from less than 1 Gb/s
to about 3.125 Gb/s. At these relatively low data
rates, there is no need to perform reshaping or
retiming of the data at the electrical inputs and
outputs ("I/Os") of the module because the signal
degradations at those data rates are sufficiently
small. However, at data rates approaching or exceeding
10 Gb/s, the bit periods become sufficiently short so
that signal degradations are difficult to minimize
using conventional approaches to serial modules.
Additionally, serial modules at data rates lower than
10 Gb/s can have digital or analog monitoring
functions, but the types of error monitoring or
diagnostic features that are possible in a module
incorporating an integrated SERDES have not thus far
implemented.Moreover, the XFP standard requires that
transceiver modules handle data rates of approximately
10 GbVs, while outputting to the host through a serial
interface among other things. Particularly, an XFI (10
Gb/s serial electrical interface) is designed for
serial input from an XFP transceiver. This allows host
designers and manufacturers to supply host systems
assuming that XFP transceivers will perform the
discussed functions. Therefore, it is desirable to
provide a transceiver module capable of handling 10
Gb/s data input from a network within a jitter budget.
It is further desirable to provide a transceiver
module that interfaces with a host using serial
connections, thereby allowing the removal of SERDES
components from the module. Additionally, it is
desirable to provide additional functionality, for
example error monitoring functionality that is
integrated within the transceiver module that would
identify errors and perform bit error rate tests
("BERTs") within a data path and/or component on the
module. SUMMARY OF AN EXEMPLARY EMBODIMENT OF THE
INVENTION The present invention overcomes the
limitations of the prior art by providing a
transceiver module with eye diagram opening
functionality for reducing jitter. In one
implementation, an optical transceiver module has a
serial electrical interface with an electrical output
port and an electrical input port. The module also has
a receive path and a transmit path. The receive path
includes an optical input port, a receiver eye opener
and the electrical output port of the serial
electrical interface. An optical signal is received by
the module at the optical input port. The receiver eye
opener retimes and reshapes a serial electrical data
stream based on the received optical signal. The
retimed and reshaped serial electrical data stream is
transmitted from the module via the electrical output
port. The transmit path includes the electrical input
port of the serial electrical interface, a transmitter
eye opener and an optical output port. A second serial
electrical data stream is received by the module at
the electrical input port. The transmitter eye opener
retimes and reshapes the received serial electrical
data stream. An optical signal based on the retimed
and reshaped serial electrical data stream is
transmitted from the module via the optical output
port. In one implementation, the receiver eye opener
and the transmitter eye opener are implemented in a
single integrated circuit. The integrated circuit may
also include none, some or all of the following:
digital to analog converters for example for
converting received digital signals to analog control
signals, a bypass module for example for bypassing the
eye opener(s) under certain conditions, loopback data
paths for example forperforming diagnostic tests, bit
error rate (BERT) tester, adaptive equalizer(s) for
example for conditioning the serial data streams,
power amplifier or other components for the receiver,
driver (e.g., laser driver) or other components for
the transmitter, a control module and/or a serial
control interface for controlling the circuitry. The
integrated circuit may also include various power down
or reduced power modes in order to conserve energy. In
another aspect, the data path(s) may include two or
more eye openers, each suited for a different data
rate. Switching between the eye openers permits the
accommodation of different data rates. Other aspects
of the invention include applications, systems and
methods corresponding to the devices described above.
BRIEF DESCRIPTION OF THE DRAWINGS To further clarify
the above and other aspects of embodiments of the
present invention, a more particular description of
the invention will be rendered by reference to 



specific embodiments thereof which are illustrated in
the appended drawings. These drawings depict only
typical embodiments of the invention and are therefore
not to be considered limiting of its scope. In
addition, the drawings are not drawn to scale. The
invention will be described and explained with
additional specificity and detail through the use of
the accompanying drawings in which: Fig. 1 is an
illustration of a prior art transceiver module having
a parallel connection to a host; Fig. 2 is an
illustration of a system including a transceiver
module (e.g., an XFP 10 Gb/s module) comprised of dual
eye openers and having a serial connection to a host
according to an embodiment of the present invention;
Fig. 3 is an example of an Integrated Circuit (IC) for
providing eye opening functionality to a receiver data
path with a serial connection to a host; Fig. 4 is an
example of an IC for providing eye opening
functionality to a transmitter data path with a serial
connection to a host; Fig. 5 is an illustration of a
transceiver module having dual eye openers integrated
on a single chip according to an embodiment of the
present invention; Fig. 6 is an illustration of a
transceiver module having a communications path
integrated with dual eye openers according to an
embodiment of the present invention; Fig. 7 is an
illustration of a control module having a serial
interface in a transceiver module having dual eye
openers according to an embodiment of the present
invention;Fig. 8 is an example of an IC for providing
dual eye opening functionality to a transceiver data
path with a serial connection to a host; Fig. 9 is an
additional example of an IC for providing dual eye
opening functionality to a transceiver data path with
a serial connection to a host; Fig. 10 illustrates a
transceiver module comprising a DAC integrated on a
chip with dual eye openers; Fig. 11 illustrates a
first DAC integrated into the receiver eye opener and
a second DAC integrated into the transmitter eye
opener; Figs. 12A-D are block diagrams of loopback
modes; Figs 13A-D are logic diagrams of loopback modes
of an integrated chip with dual eye openers; Fig. 14
is an illustration of a transceiver module with bypass
functionality integrated with a transmitter and a
receiver each having multiple CDR components according
to an embodiment of the present invention; Fig. 15 is
a flowchart illustrating a first method bypass method
operable in a transceiver module with an integrated
transmitter and receiver, each having multiple CDRs;
Fig. 16 is a flow chart of a second bypass method
operable in a transceiver module with a transmitter
and a receiver each having multiple CDR components
according to an embodiment of the present invention;
Fig. 17 is an embodiment of the bypass functionality
of a dual eye opener IC such as in Figs. 8 or 9; Fig.
18 is an illustration of a transceiver module having a
BERT engine integrated with dual eye openers according
to an embodiment of the present invention; Fig. 19 is
a flow chart of a BERT testing method operable in a
transceiver module having dual integrated eye openers;
Figs. 20A-B illustrate embodiments of the BERT
functionality of an integrated chip with dual eye
openers; Figs. 2IA-B illustrate embodiments of an eye
opener having an equalizer; Fig. 22 illustrates an
embodiment of an equalizer according to the present
invention; Fig. 23 illustrates a coefficient module
according to an embodiment of the present invention;
Fig. 24 illustrates a correlation module according to
an embodiment of the present invention; Figs. 25-27
illustrate examples of component integration that may
be implemented as part of an integrated circuit; Fig.
28 is an illustration of a transceiver module having
power management functionality integrated with dual
eye openers according to an embodiment of the present
invention; Fig. 29 is a flow chart of a method for
managing power of components on a transceiver module
according to an embodiment of the present invention;
Figure 3OA is a schematic of a controller IC and
digital-to-analog converter (DAC) of an exemplary
transceiver; Figure 3OB is a schematic of an XFP
module/host connector of an exemplary transceiver
module; Figure 3OC is a schematic of a laser driver,
and associated CDR, of an exemplary transceiver
module; Figure 3OD is a schematic of a
post-amplifier/CDR, connected with a ROSA, for use in
an exemplary transceiver module; Figures 31A and 3IB
are Tx optical eye diagrams for an XFP transceiver 



operating at 8G nominal, with CDR bypassed, at room
temperature; Figures 32A and 32B are Tx optical eye
diagrams for an XFP transceiver operating at 8G
nominal, with CDR bypassed, at 7O0C; Figures 33A and
33B are Rx electrical eye diagrams for an XFP
transceiver operating at 8G nominal, with CDR
bypassed, at 25C; Figures 34A and 34B are Rx
electrical eye diagrams for an XFP transceiver
operating at 8G nominal, with CDR bypassed, at 700C;
and Figure 35 is a graph of Rx sensitivity,
particularly bit error rate (BER) as a function of
optical power, of an exemplary transceiver over a 30km
fiber. DETAILED DESCRIPTION OF EXEMPLARY EMBODIMENTS
An apparatus and method for providing serial
connections between a transceiver module and host is
described. In particular, clock and data recovery and
error monitoring functionality is integrated on the
transceiver module that allows these serial
connections. One skilled in the art will recognize
that embodiments of the present invention and
description below may also be incorporated within a
transponder module. In the following description, for
purposes of explanation, specific details are set
forth in order to provide an understanding of the
invention. It will be apparent, however, to one
skilled inthe art that the invention can be practiced
without these details. In other instances, structures
and devices are shown in block diagram form in order
to avoid obscuring the invention. Reference in the
specification to "one embodiment" or "an embodiment"
means that a particular feature, structure, or
characteristic described in connection with the
embodiment is included in at least one embodiment of
the invention. The appearances of the phrase "in one
embodiment" in various places in the specification are
not necessarily all referring to the same embodiment.
Fig. 2 is an illustration of a system including a
transceiver module (e.g., an XFP 10 Gb/s module)
comprised of dual eye openers and having a serial
connection to a host according to an embodiment of the
present invention. The receive path includes a
receiver 215 coupled to a network and an eye opener
205. The eye opener 205 is designed to clean up high
frequency jitter, e.g., "open" the eye diagram of
serial data streams for optical transceivers. The
receiver 215 includes a receiver optical sub-assembly
("ROSA") 235 that receives and converts an optical
signal to an electrical signal. The receiver 215 also
includes a post-amplifier 230 that amplifies the
electrical signal to an appropriate power level. One
skilled in the art will recognize that the eye opener
205b and ROSA may be manufactured and packaged using
multiple methods. For example, the eye opener and ROSA
may be integrated within a single ASIC or manufactured
separately. The receiver eye opener 205b extracts a
clock from the electrical signal and uses that
recovered clock to regenerate degraded data within the
signal. In particular, the receiver eye opener 205b
provides retiming and reshaping that removes jitter
(i.e., resets the jitter budget in the link). The
retiming and reshaping function of the eye opener 205
may be implemented by a clock and data recovery
("CDR") and a retimer ("RT"), a signal conditioner, or
any device capable of opening the eye diagram. Both
passive and adaptive equalization circuits may be used
for these purposes. The eye opener 205 is preferably
responsive to the data rate of the data stream on the
particular path. According to one embodiment, the
receiver eye opener 205b includes a phase locked loop
that aligns the phase of the electrical signal with a
reference clock to ensure that the electrical signal
is correctly clocked, and a signal shaper that filters
noise from the signal and more accurately shapes the
pulse edges in the signal. The eye openers 205a,b may
be implemented as ASICs, as a configurable circuit
such as an FPGA, or partly in software, to name but a
few possibilities. One skilled in the art will
recognize that there are numerous methods for
providing eye opening functionality that operate in
accordance with the present invention. After the
electrical signal has been properly synchronized
andshaped by the receiver eye opener 205b, it is
transmitted to the host 105 via a serial path 260 such
as an XFI-compliant 10 Gb/s transmission line. Other
advantageous functions may also be implemented herein
along with the eye openers 205a,b. In some
embodiments, bypass, also known as "pass-through",
functions are incorporated in the eye openers 205a,
205b which allow the data to bypass the retiming and
reshaping functions of the eye opener. These bypass
functions can be automatically selected, for instance
by use of a loss of lock ("LOL") signal, or selectable
with a control line or digital control. The eye
openers 205a, 205b may also have low power modes
(power down modes) that are enabled via a control pin,
or by control through a digital bus or two wire
interface. The eye openers 205a, 205b may also have
BERT functions whereby a BERT engine within the eye
opener generates data and/or an error detector matches
up incoming data to a predetermined pattern to check
for errors in the data stream. In addition, the eye
openers 205a, 205b may have loopback functions that
allow the data to be looped back with the addition of
some signal I/Os between the eye opener. For instance,
data from eye opener 205b may be routed over to eye
opener 205a and this data transmitted to the
transmitter 225 in place of the data from data path
250. In some combinations, these features allow the
transceiver to perform self-test, or diagnostics of
the data link, or diagnostics of the host system.
These functionalities will be discussed in more detail
below. The transmit path includes a transmitter 225
coupled to a network and a 



transmitter eye opener 205a. The transmitter eye
opener 205a recovers degraded clock and data values
from an electrical signal that travels from the host
105 via serial path 250 (e.g., 10 G/s transmission
line). As described above, the electrical signal will
degrade along this path 250 and the eye opener 205a
compensates for this degradation and sends the
electrical signal to the transmitter 225. The
transmitter 225 includes a transmitter optical
sub-assembly ("TOSA") 245 that converts an electrical
signal to an optical signal and transmits it onto a
network. The transmitter 225 also preferably includes
a laser driver 240 that controls a laser within the
TOSA 245 and the modulation of data within the
electrical signal onto the optical signal. The laser
within the TOSA 245 is also biased to the proper
operating current using a dedicated biasing and
control circuit that may be contained within or
outside of the laser driver. The transmitter 225 may
include eye opener 205a depending on the particulars
of the packaging and design chosen. This transceiver
module 200 allows serial connections 250, 260 between
the transceiver module 200 and the host 105. In
particular, the receiver and transmitter eyeopeners
205a, 205b compensate, on for signal degradation that
occurs on these serial connections 250, 260 at high
data rates, such as a data rate of about 10 Gb/s or
higher. Fig. 3 is an example of an integrated circuit
("IC") for providing eye opening functionality to a
receiver data path with a serial connection to a host.
The eye opener IC 205b includes a CDR 925b and an RT
935b. An input of the CDR 925b receives a data path
from an output of a buffer 945d and a reference clock
signal from an output of a buffer 945h. A buffer 945d,
receives the data path from the network through a
receiver 215. A buffer 945h, receives the reference
clock signal from the host. The CDR 925b uses the
reference clock as a starting point in recovering the
data and clock signal from the data path. A clock
multiplier unit may be used to adjust the rate of the
reference clock as indicated by a rate select pin. The
RT 935b is configured to retime and reshape the data
path. A first input of RT 935b receives the data from
a first output of the CDR 925b and a second input of
the RT 935b receives the recovered clock signal from a
second output of the CDR 925b. The eye opener IC 205b
provides a not ready signal to the host. One condition
that activates the not ready signal is a result of a
loss of signal ("LOS") signal. A first input of
control logic 999b receives the LOS signal from an
output of the buffer 945b when the buffer 945b does
not detect incoming data. Another condition that
activates the not ready signal as a result of a LOL
signal. A second input of the control logic 999b
receives the LOL signal from an output of CDR 925b
when the CDR 925b is not able to lock onto the signal
such as when the data rate is outside of the CDR
925b's range. The control logic may, for example, be
implemented as OR gate logic. A MUX 955b provides
bypass functionality to the data path. The output of
buffer 945b is coupled to a first input of the MUX
955b. A second input of the MUX 955b is the retimed
and reshaped data output of RT 935b. The control logic
999b sends a control signal to the selector input of
the MUX 955b to select either the first or second
input. The control logic 999b selects the buffered
data from buffer 945b in response to receiving a LOL,
an LOS, or bypass signal (e.g., from the host). In
this embodiment, the control logic 999b selects the
output RT 935b as a default condition. A polarity
control coupled to the input of the buffer 945a
changes the polarity of its output signal, which is
preferably composed of differential signaling. Also,
the buffer 945d is preferably a coupled mode logic
buffer and the buffer 945h is preferably a positive
emitter coupled logic buffer. Fig. 4 is an example of
an IC for providing eye opening functionality to a
transmitter data path with a serial connection to a
host. The eye opener IC 205a includes aCDR 925a and an
RT 935a, each operating as described with respect to
Fig. 3 except that the data flow is received from the
network through a transmitter 225 and sent to the
host. An input of the CDR 925a receives a data path
from an output of a buffer 945a and a reference clock
signal from an output of a buffer 945c. It will be
understood that other components of the IC eye opener
205a may also be included in the eye opener IC 205a.
The eye opener IC 205a includes control logic 999a to
implement the not ready signal. A MUX 955a implements
the bypass functionality. A MUX 955g allows the
retimer 935a to retime the data in synchronization
with a Tx clock provided, in one example, by the host.
A first input of the MUX 955g receives a ref clock
signal for use by the RT 925a as a starting point in
retiming the data. A second input of the MUX 955g
receives a Tx clock signal, which is preferably a
high-quality signal that may be used for retiming the
data in place of the recovered clock signal. The Tx
clock frequency may be adjusted by a clock multiplier
unit as indicated by a rate select pin. The MUX 955g
selects between the ref clock signal and the Tx clock
signal according to a clock select signal. In one
embodiment, the clock select signal is transmitted
over a serial line along with other signals instead of
through a dedicated pin. Fig. 5 is an illustration of
a transceiver module having dual eye openers
integrated on a single chip according to an embodiment
of the present invention. This integration allows a
smaller aggregate board space to be used, in part,
because the eye openers replace the relatively larger,
more power hungry SERDES 110, 120 on the transceiver
module. In some embodiments, the SERDES 110, 120 may
be included on the host. Also, a higher density of
transceivers can be placed in a line card.
Furthermore, the packaging is simpler, and provided at
a lower cost. 



In addition, the receiver eye opener 205b and the
transmitter eye opener 205a can share the single
reference clock 320. Accordingly, this integration
reduces the number of inputs or pins on the chip
itself, allows for easier testing of the chip, and
reduces the number of components. Reference clock 320
is usually an input from the host board and is a clock
at a sub-harmonic of the data rate. While it is
possible to maintain the clock at exactly the data
rate, this may not be desirable for signal integrity
and EMI reasons. Generally the reference clock is 1/1
6th or l/64th of the data rate. In some operating
modes of the transceiver it would be possible to use
the recovered clock from the receiver eye opener 205b
as the reference clock of the transmitter eye opener
205a. Alternately, the reference clock input to eye
opener 205b can be internally rerouted to act as the
reference clock 320 for the receiver eye opener 205b.
In either case, a reference clock 320 is still
supplied by the host board.In other embodiments, the
receiver 115, the transmitter 125, or portions thereof
(e.g. post-amplifier or laser driver) may be
integrated onto the chip as described below. Fig. 6 is
an illustration of a transceiver module having a
communications path integrated with dual eye openers
according to an embodiment of the present invention.
In particular, the chip may include an eye opener
control module 350 that controls both the receiver eye
opener 205b and the transmitter eye opener 205a. The
eye opener control module 350 may be accessed and
controlled by a user through a parallel connection, as
shown, or a serial connection that is discussed below.
Additionally, an eye opener communication module 340
may be integrated on the chip to facilitate
intelligent communication between the receiver eye
opener 205b and the transmitter eye opener 205a. For
example, the eye opener communication module 340 may
have direct connections to the receiver eye opener
205b and transmitter eye opener 205a enabling
intelligent analysis and coordination between the two
eye openers 205a,b. In another embodiment, the eye
opener communication module 340 may have connections
360, 365, 370, 375 that allow it to tap data in front
of and behind the receiver and transmitter eye opener.
The embodiment would allow the eye opener
communication module 340 to monitor both eye openers
205a,b detect a failing eye opener, and perform
diagnostic tests in which data flow is altered to test
an individual eye opener or data link. Fig. 7 is an
illustration of a control module having a serial
interface in a transceiver module having dual eye
openers according to an embodiment of the present
invention. According to this embodiment, the eye
opener control module 350 comprises a polarity control
379, a bypass control 377, a baudrate control 381, a
clock polling control 383, a loopback control 387, a
BERT control, and a serial interface 385. A clock
polling control 385 allows the eye opener control
module 350 to poll the clocking frequency on the
receiver eye opener 205b and the transmitter eye
opener 205a. A polarity control 379 allows the eye
opener control module 350 to selectably control the
input/output data polarity on the receiver eye opener
205b and the transmitter eye opener 205a. A baudrate
control 381 allows the eye opener control module 350
to adjust the baudrate response of the receiver eye
opener 205b and the transmitter eye opener 205a. A
pass-through control 377 allows the eye opener control
module 350 to activate/deactivate the receiver eye
opener 205b and the transmitter eye opener 205a to
allow data streams that are incompatible with a data
rate range of a particular eye opener to pass through
the transceiver module 200. For example, if an eye
opener is designed to retime a data stream of about 10
Gb/s, the bypass control 377 may automatically
passthrough a 1 Gb/s data stream. Alternatively, the
bypass control 377 may be manuallycontrolled allowing
a host 105 or network operator to detepnine whether to
pass-through a particular data stream. A loopback
control 387 allows the eye opener control module 350
to monitor the integrity of data paths and components
on module 200. The BERT control 389 allows the eye
opener control module 350 to test bit error rates of
data paths and components on module 200. In other
embodiments, additional controls to chip functions may
be added to the eye opener control 350 such as an
adaptive equalizer control. In one embodiment, a
serial interface 385 allows a serial connection 390 to
communicate with the eye opener control module 350. In
general, a serial connection such as SPI, I2C, RS232,
etc. may be used to control functions of the dual eye
opener integrated circuit 300. Other embodiments of
serial connections are disclosed in U.S. Patent
Application No. 10/266,870, "Optical Transceiver
Module with Multipurpose Internal Serial Bus," by
Lewis B. Aronson et al, filed October 8, 2002, which
is incorporated by reference herein. Accordingly, the
number of pins required to command the eye opener
control module 350 is reduced to a single pin. For
example, this serial interface 385 replaces four pins
in a four rate configuration or two pins in a binary
rate configuration. In yet another embodiment, a
second serial interface (not pictured) may provide
output to the host such as current polarity setting, a
LOL signal, current baudrate, a current clocking
frequency, loopback test results, or BERT results.
Alternatively, the serial connection may be a single
serial interface capable of facilitating two-way
communication between the eye opener control module
350 and the host. Fig. 8 is an example of an IC for
providing dual eye opening functionality to a
transceiver data path with a serial connection to a
host. The dual eye opener IC 300 includes an eye
opener 205a that receives a data from the host and
sends a data to a transmitter, and an eye opener 205b
that receives a data from a receiver and sends a data 



to the host. Eye opener 205a includes a CDR 925a and
an RT 935a to perform reshaping and retiming as
implemented in Fig. 9A. Eye opener 205a also has
embodiments for providing a not ready signal to the
host or bypass functionality to the data path.
Moreover, the eye opener 205b performs reshaping and
retiming the data with a CDR 925b and an RT 235b. The
not ready signal output to the host from an output of
a control logic 999b is conditioned upon receiving a
LOS signal from an output of buffer 945d or a LOL
signal from an output of the CDR 925b. The MUX 955d
provides bypass functionality. Bypass functionality is
activated with a signal from the output of control
logic 999b to a selectorinput of the MUX 955d. In
another embodiment the Tx clock functionality may be
implemented in the eye opener 205a. Fig. 9 is an
additional example of an IC for providing dual eye
opening functionality to a transceiver data path with
a serial connection to a host. A MUX 975a provides an
improved IC that includes both bypass and loopback
functionality, along with other functionalities
described above. If the first selector input of the
MUX 975a receives the loopback signal, then the MUX
975a output switches to sending data received from the
MUX 975b. If a second selector input of the MUX 975a
receives the bypass signal from host or the LOL signal
from the output of the CDR 925a, then the MUX 975a
switches to sending data received from the output of
the buffer 945a. The MUX 975a may be configured to
implement either the loopback or the bypass when both
selector inputs of the MUX 975a receive a signal. The
MUX 975a replaces MUXs 955a, 955b, and 955c, thereby
reducing the component count, saving power, and
causing less heat dissipation. Fig. 10 illustrates a
transceiver module comprising a DAC (digital to analog
converter) on an integrated chip with dual eye
openers. In this embodiment of dual eye opener IC
1020, a DAC 1025 converts digital signals sent through
or from the IC 1020 to analog signals to control
receiver and/or transmitter components. Accordingly,
control signals sent to a post- amplifier 1030, a ROSA
1040, a laser driver 1050, and a TOSA 1060 can control
characteristics such as analog swing, bias, and rise
and fall times. In one embodiment, the digital signals
sent to the DAC 1025 are generated by the control
module 350 (see Figs. 6-7). Fig. 11 illustrates a
first DAC integrated into the receiver eye opener and
a second DAC integrated into the transmitter eye
opener. The DAC 1121 may control analog signal outputs
of the receiver eye opener 1122 or analog signal
inputs from a receiver. Likewise, the DAC 1123 may
control analog signal outputs of the transmitter eye
opener 1124 or analog inputs from the transmitter as
described with respect to Fig. 10. Figs. 12A-D
illustrate loopback modes integrated with dual
integrated eye openers. A loopback mode allows an
integrity check on a particular data path.
Accordingly, a first loopback mode may allow an
integrity check of one or more components along the
particular data path on the module 200 or on an
optical path on a network. A second loopback mode may
allow an integrity check of a data path containing
multiple components on the module 200. Thus,
multi-mode loopbacks allow monitoring of data path
integrity at different levels on the transceiver
module 200. The transceiver module 200 includes a eye
opener loopback control 400 within a eye opener
control 350 used to control the loopback functionality
on the module 200.Fig. 12A illustrates a first
loopback mode from the input 407 of the transmitter
eye opener 205a to the output 409 of the receiver eye
opener 205b. This first loopback 405 allows the host
system 105 to check the function of the host board and
check that the transceiver module 200 is correctly
plugged into its connector and is powered up properly.
Because this first loopback 405 is integrated within
the module 200, an installer can quickly determine
whether the transceiver module 200 is properly
installed or whether a failure occurred within the
transceiver module 200 or host 105. Fig. 12B is an
illustration of a transceiver module having a second
loopback mode integrated with dual eye openers
according to an embodiment of the present invention.
This second loopback 410 allows the host system 105 to
check that the receiver eye opener 205b is operating
properly and that the transceiver module 200 is
properly plugged into its connector and powered up
properly. Because the second loopback 410 is
integrated within the transceiver module 200, a
manufacturer can quickly test the integrity of the
receiver eye opener 205b prior to shipment as well as
allowing a network administrator to easily check the
receiver eye opener 205b after installation of the
transceiver module 200. Fig. 12C is an illustration of
a transceiver having a third loopback mode integrated
with dual eye openers according to an embodiment of
the present invention. This third loopback 420 allows
the host system 105 to check that the transmitter eye
opener 205a is operating properly and that the
transceiver module 200 is properly plugged into its
connector and powered up properly. Because the third
loopback 420 is integrated within the transceiver
module 200, a manufacturer can quickly test the
integrity of the transmitter eye opener 205a prior to
shipment as well as allowing a network administrator
to easily check the transmitter eye opener 205a after
installation of the transceiver module 200. Fig. 12D
is an illustration of a transceiver module having a
fourth and fifth loopback mode integrated with dual
eye openers according to an embodiment of the present
invention. The fourth loopback 425 is from the output
409 of the receiver eye 



opener 205b to the input 407 of the transmitter eye
opener 205a. This fourth loopback 425 allows for
testing of the transceiver module 200 and an optical
data path on a network. Thus, a network administrator
or module manufacturer can quickly test the entire
transceiver module 200 and test whether the module 200
is properly coupled onto fiber. The fifth loopback 430
is from the output 409 of the receiver eye opener 205b
to the output 417 of the transmitter eye opener 205a.
This fifth loopback 430 allows for testing of the
front end components on the transceiver module 200,
the receiver eye opener 205b,and an optical data path
on a network. A sixth loopback (not pictured, but see
Fig. 1OB and Fig. 1OD for IC implementation) is from
the output 417 of the transmitter eye opener 205a to
the input 412 of the receiver eye opener 205b. The
above-described loopback modes are examples of
loopbacks that may be integrated in the transceiver
module 200 and is not meant to include all possible
loopback modes. For example, loopbacks may be
integrated from the input 412 of the receiver eye
opener 205b to both the input 407 and the output 417
of the transmitter eye opener 205a. These loopbacks
would allow testing of the front end components and an
optical path as well a combination of front end
components, the receiver eye opener 205a and an
optical path. Additional loopbacks may also be
integrated within the transceiver module 200 to test
other data paths and/or components. Referring to the
example of Fig. 8, MUXs 955b, 955c, 955f, and 955g
provide loopback functionality for testing components
as described above. In eye opener 205a, MUXs 955b and
955c receive a first loopback signal from the host to
each selector input. When the first loopback signal is
high, the output of the MUX 955c switches from sending
data received from the output of the CDR 925a to the
input of the RT 925a to sending data received from the
output of the CDR 925b to the input of the RT 925a. At
the same time, the output of the MUX 955b switches
from sending the recovered clock signal received from
the output of the CDR 925a to the input of RT 935a to
sending the recovered clock signal received from the
output of the CDR 925b to the input of RT 935b. In eye
opener 205b, MUXs 955e and 955freceive a second
loopback signal from the host to each selector input.
When the second loopback signal is high, the output of
MUX 955f sends data received from the CDR 925a to the
input of RT 935b rather than data from CDR 925b, and a
recovered clock signal received from the CDR 925a to
the input of RT 935b rather than from the CDR 925a.
Fig. 13A is an embodiment of the third loopback mode
of a dual eye opener IC such as in Fig. 12B. For the
purposes of illustration, some components that are
transparent to the data path during normal operation
are omitted. The dual eye opener IC 300 includes eye
opener 205a and eye opener 205b. In loopback mode, an
input of a buffer 945a receives the data path from the
host into eye opener 205a, and an input of a CDR 925a
receives the data path from an output of the buffer
945a. In eye opener 205b, an input of an RT 935b
receives the data path from an output of the CDR 925a,
an input of a buffer 945e receive the data path from
an output of the RT 935b and transmits the data path
to back to the host.In an alternative embodiment of
the third loopback mode, the buffer 945a may be
isolated by coupling the output of the buffer 945a to
the output of the buffer 945e as in the first loopback
mode. It will be understood that each of the other
loopback modes may be similarly implemented. The
second loopback mode may be implemented by coupling
the input of the first CDR 925a or the input of the
first buffer 945a to the output of the second CDR 925b
or the input of the buffer 945a. The fourth loopback
mode may be implemented by coupling the output of the
second CDR 925b to the input of the first CDR 925b.
The fifth loopback mode may be implemented by coupling
the output of the second CDR 925b to the output of the
first CDR 925a. The above-described loopback
implementations are examples that are not meant to
include all possible implementations. Fig. 13B is an
embodiment of the sixth loopback mode of a dual eye
opener IC such as in Fig. 12B. An input of the
receiver 215 receives the data path from the network.
In the eye opener 205b, an input of a buffer 945d
receives the data path from an output of a receiver
215, and an input of a CDR 925b receives the data path
from an output of the buffer 945d. In the eye opener
205a, an input of a RT 935a receives the data path
from an output of the CDR 925b, and an input of a
buffer 945b receives the input from an output of the
RT 935a. An input of a transmitter 225 receives the
data path from an output of the buffer 945b and
transmits the data path to the network. Other
embodiments of the sixth loopback mode may be
implemented where the data path is output from the eye
opener 205b from a different component, such as the
buffer 945d, and the data path is received in the eye
opener 205a in a different component such as the
buffer 945b. Fig. 13C is an embodiment of the third
loopback mode data path of a dual eye opener such as
in Fig. 12C. In the eye opener 205a, an input of a
buffer 945a receives the data path from the host, an
input of a CDR 925a receives the data path from an
output of the buffer 945a, and an input of RT 935a
receives the data path from an output of the CDR 935a.
In the eye opener 205a, an input of a buffer 945e
receives the input from an output of the RT 935a and
transmits the data path back to the host. Fig. 13D is
an embodiment of the sixth loopback mode data path of
a dual eye opener such as in Fig. 12c. An input of a
receiver 215 receives the data path from the network.
In an eye opener 205b, an input of a buffer 945d
receives the data path from an 



output of the receiver 215, an input of a CDR 925b
receives the data path from an output of the buffer
945d, and an input of RT 935b receives the data path
from an output of the CDR 935b. In an eye opener 205a,
an input of a buffer 945b receives the input from an
output of the RT 935b. An input of a transmitter 225
receives the data path from an output of the buffer
945b and transmits the data path to the network.Fig.
14 is an illustration of a transceiver module with
bypass functionality integrated with a transmitter and
a receiver each having multiple CDR components
according to an embodiment of the present invention. A
conventional eye opener operates properly on signals
within a small range of data rates. Typically, an eye
opener will lock onto an incoming data stream only at
a certain data rate or within a narrow data rate
range. Additionally, some eye openers may be able to
lock onto data at sub-harmonics of an operable data
rate. However, at other data rates where the eye
opener is unable to lock onto the data, the output on
the eye opener is typically squelched. This limitation
of conventional eye openers reduces the flexibility of
a transceiver module to operate in different network
environments. In particular, conventional eye openers
preclude a protocol agnostic transceiver module, with
eye opener functionality on chip, that may operate in
accordance with different types of protocols and data
rates. The bypass functionality of the present
invention allows an eye opener to automatically pass
data through if it is unable to lock onto the data
because it is not in a particular data rate band. In
particular, the eye opener may be designed to
pass-through a data stream having a data rate such
that clock and data recovery is not required to remain
within an acceptable jitter budget. For example, this
pass-through functionality would allow a 10 Gb/s
Ethernet transceiver to operate in particular Fibre
Channel environments where a eye opener is not
required. Additionally, the functionality allows
debugging or engineering of a link to occur without
the presence of the non-linear regeneration feature of
the eye opener. The pass-through functionality of the
eye opener may be automatically controlled depending
on whether the eye opener is locked to the data. The
eye opener may generate a LOL signal which is a signal
of general use, but which can also be used for this
purpose. The pass-through functionality may also be
externally controlled by a control signal or by a
digital signal on a digital interface. It is
recognized that the bypass feature is valuable as a
diagnostic and development tool even for data rates
that are within the locking range of the eye opener.
One embodiment of a transceiver module 200 having
pass-through functionality, shown in Fig. 14, includes
a receiver eye opener 205b, an eye opener 205a, and
passthrough control 510 in the eye opener control
module 350. Data received from the receiver is stored
within a fourth buffer 945d in the receiver eye opener
205b without resetting a jitter budget within the data
path. The fourth buffer 945d is coupled to a bypass
line 532 and a first CDR 534. The pass-through control
510 toggles the output on the fourth buffer 945d
between the pass-through line 532 and the first CDR
925a depending on whether the second CDR 925b can lock
onto the data. The bypass control510 may be designed
to automatically toggle between the outputs on the
fourth buffer 945d or be manually controlled by an
operator via a control interface (e.g., serial
interface 385). For example, a fourth CDR 925d may
also be coupled to the fourth buffer 945d to operate
on a different data stream than data operated on by
the second CDR 925b. Also, this fourth CDR 925d would
allow toggling by the pass-through control 510 between
three different data paths. It will be understood that
multiple eye openers may operate within the receiver
eye opener 205b to facilitate different data streams
being provided eye opener functionality on the eye
opener 205b. Additionally, rate detection may be
integrated along a receive path or transmit path to
enable intelligent detection of data rates received
from both a host and a network. According to one
example, an adjustable wideband oscillator and logic
circuitry may be used to identify a rate on a
particular signal. In another example, multiple
narrowband oscillators, a discriminator, and logic
circuitry may also be used to identify the rate of a
signal. This rate detection facilitates the use of
multiple eye openers along a data path resulting in
eye opener functionality on a single data path being
available to signals having different data rates. A
similar bypass operation may be provided on the
transmitter eye opener 205a. In particular, a first
buffer 945a is coupled to a first CDR 925a and a
pass-through line 526. The pass-through control 510
toggles data between the first CDR 925a and the
passthrough line 526 depending on the characteristics
of the data. Additionally, multiple eye openers (e.g.,
a third CDR 925c) may operate within the transmitter
eye opener 205a to facilitate different data streams
being provided eye opener functionality on the eye
opener 205b. Fig. 15 is a flowchart illustrating a
first method bypass method operable in a transceiver
module with an integrated transmitter and receiver,
each having multiple CDRs. A data rate of a data
stream entering a eye opener is detected 540. In
response to the detected data rate being outside a
predefined range of operation of an eye opener, the
data stream is passed through the transceiver module
without eye opening 542. This bypass functionality may
be automated on the CDR I-IC or manually controlled by
a user. In response to the detected data rate being
within the predefined range of operation of an eye
opener, eye opening is performed on the data stream to
reduce jitter 545. Fig. 16 is a flow chart of a second
bypass method operable in a transceiver module with a
transmitter and a receiver each having multiple CDR
components according to an 



embodiment of the present invention. A control signal
is detected 550 by a buffer storing a data stream. In
response to the control signal being in a first state
(e.g., high), the data stream will be passed through a
transceiver module without eye opening 552. In
responseto the control signal being in a second state
(e.g., low), a eye opening is performed on the data
stream 555. Fig. 17 is an embodiment of the bypass
functionality of a dual eye opener IC such as in Figs.
8 or 9. The dual eye opener IC 300 includes an eye
opener 205a and an eye opener 205b. Because the CDR
and RT modules do not operate on the data path, a data
from the host received into an input of the buffer
945a is sent directly from an output of the buffer
945a to an input of the buffer 945b. An output of the
buffer 945b sends data path to an input of a
transmitter 225 for transmission to the network.
Likewise, data received from the network into an input
of a receiver 215 and sent to from an output of the
receiver 215 to an input of the buffer 945d is sent
directly from an output of the buffer 945d to an input
of the buffer 945e. An output of the buffer 945e sends
the data to the host. A signal may be included for
manual override of the bypass mode. The control
signals necessary to activate bypass functionality are
discussed above. In one embodiment, adaptive
equalization is performed on signal by the host board
during bypass mode for noise reduction and/or signal
processing. The not ready signal may be polled to
determine whether the eye opener is currently
operating in bypass mode, initiating the adaptive
equalization functionality when the not ready signal
is high. The adaptive equalization feature
advantageously compensates for link dispersion as a
substitute for retiming and reshaping ordinarily
provided by the eye opener. Fig. 18 is an illustration
of a transceiver module having a BERT engine
integrated with dual eye openers according to an
embodiment of the present invention. According to one
embodiment of the invention, a BERT engine 630 is
integrated in a chip 600 having the transmitter eye
opener 205a and the receiver eye opener 205b. The BERT
engine 630 comprises a pattern generator 640, an error
detector 635, and a BERT loopback control 650. In
another embodiment, the BERT engine 630 is integrated
within the eye opener control module 350. The BERT
engine eye opener uses test points integrated within
the data paths to inject and receive bit sequences
that are used to test the bit error rate associated
with particular paths. In this example, four test
points are integrated on the transceiver module 200
and are identified as points A 605, B 610, C 615, and
D 620. These test points 606, 610, 615, 620 allow the
BERT engine 630 to inject and retrieve bit sequences
on a data path. Using these test points, the BERT
engine 630 may determine a bit error rate on external
optical paths on an attached network, internal
electrical paths or a combination of both electrical
and optical paths.The BERT engine 630 is useful both
as a diagnostic function for end-customers in their
systems, but is also useful as part of the module
manufacturing process. For example, a manufacturer may
perform integrity tests on the transceiver module 200
to ensure that the module passes a quality test. The
BERT engine 630 may test internal paths on the module
200 during various operating conditions such as
operating within a temperature chamber under
temperature cycle or voltage margining. This feature
provides a more efficient method of testing the module
200 when compared to more traditional external BERTs.
Additionally, both the loopback modes and BERT engine
630 may operate in transponder modules as well. Fig.
19 is a flow chart of a BERT testing method operable
in a transceiver module having dual integrated eye
openers. A bit sequence or test pattern is inserted
670 at a particular test point on the transceiver
module 200. The bit sequence is output by the pattern
generator 640. The pattern generator may use
pseudo-random numbers and/or characters in the output
or a pattern stored in a memory. The bit sequence
travels along a path and is retrieved at another test
point. Errors within.the bit sequence are detected 675
and evaluated by the error detector 635. This error
rate testing and evaluation may occur under various
environmental conditions 680 allowing the BERT engine
630 to test the module 600 at different environmental
conditions 685 and retest the bit error rate of the
path under a new condition. BERT engine 630 results
may be sent to the host for evaluation. Fig. 2 1 A
illustrates a first embodiment of an eye opener having
an equalizer. The data path of eye opener 2100
comprises an equalizer 2120, which receives data from
a buffer 2105a and outputs data to a buffer 2 1 05b.
The buffer 2 1 05a receives data from a receiver and
the buffer 2105b sends data to a host. In another
embodiment, the buffer 2105a receives data from the
host and the buffer 2 1 05b sends data to a
transmitter. In one embodiment the eye opener 2100
conditions a signal in bypass mode. The equalizer 2120
resets the data path's jitter budget by reshaping and
retiming the data to remove channel noise from sources
such as inter-symbol interference. The equalizer 2120
is coupled to receive signals representing
coefficients from a coefficient module 2110 and a
clock signal from a CDR 2130. The equalizer 2120 is
preferably an adaptive equalizer that adapts to
channel conditions such as changing temperature, but
in other embodiments, the equalizer 2120 may be a
passive equalizer. Other embodiments of equalizers are
disclosed in U.S. Patent Application No. 10/288,324,
"System and Method for Reducing Interference in an
Optical Data Stream," by Thomas J . Lenosky et al.,
filed on November 5, 2002; U.S. Patent Application No.
60/423,970, "System and Method forReducing
Interference in an Optical Data Stream Using Multiple
Selectable Equalizers," 



by Thomas J. Lenosky et al, filed on November 5, 2002;
and U.S. Patent Application No. / , "Method And
Apparatus For Reducing Interference in an Optical Data
Stream Using Data-Independent Equalization," by Thomas
J . Lenosky et al., filed on April 17, 2003; all of
which are herein incorporated by reference. The
equalizer 2120 may comprise a feed forward filter
having a finite impulse response, a DFE ("Decision
Feedback Equalizer"), or the like, either alone or in
combination. The output of the equalizer 2120 may be
analog or digital, depending on the implementation.
Further embodiments of the equalizer 2120 are
discussed below. The coefficient module 2110 provides
coefficients to the equalizer 2120 by evaluating
channel effects on the data. The coefficient module
2110 is coupled to receive the data from the buffer
2105a and send the coefficient signal to the equalizer
2120. The coefficient module 2110 may be implemented
in hardware, software, or firmware. Further
embodiments of the coefficient module 2110 are
discussed below. The CDR 2130 provides a clock to the
equalizer 2120 by extracting a recovered clock signal
from the data stream. The CDR 2130 is coupled to
receive the data from the buffer 2 1 05a and to send a
clock signal to the equalizer 2120. One of ordinary
skill in the art will recognize that the CDR 2130 may
receive the data to recover the clock signal from
other points in the data path such as at the equalizer
2120 output. Furthermore, the CDR 2130 may comprise
the variations discussed herein. Fig. 2IB illustrates
a second embodiment of an eye opener having an
equalizer. In this embodiment, the data path of eye
opener 2180 comprises an equalizer 2150 in series with
a CDR 2160 coupled with an RT 2170. The equalizer 2150
receives data from the buffer 2155a and the RT 2170
outputs data to the buffer 2155b. The CDR 2160 and
equalizer 2150 may be disposed on separate chips or an
integrated circuit. One advantage of this embodiment,
is that the signal is conditioned by both the
equalizer 2150 and CDR 2160, leading to a lower bit
error rate. In contrast to the embodiment of Fig. 21A,
the equalizer 2150 preferably reshapes and outputs an
analog signal by removing channel effects. The
equalizer 2150 receives a clock signal from the CDR
2160 to clock the equalizer's digital components. The
CDR 2160 and RT 2170 retime and reshape the equalized
data. The RT 2170 receives a clock signal recovered by
the CDR 2160. The CDR 2160 and RT 2170 may comprise
the variations discussed herein. In another
embodiment, the equalizer 2150 is disposed on a first
chip and the CDR 2160 and RT 2170 are disposed on a
second chip. The first chip may alsocomprise a CDR to
clock the digital portions of the equalizer 2150
without relying on the CDR 2160 of the second chip.
Advantageously, by not traveling off-chip, the
high-speed clock signal may remain low-powered and
experience less degradation. Fig. 22 illustrates an
equalizer according to an embodiment of the present
invention. A data path of the equalizer 2200 comprises
a feed forward filter and a feedback path comprises a
DFE. The feed forward filter, receiving analog data
from an input buffer, includes a plurality of delay
lines 2210a-c, a plurality of multipliers 2230a-c, a
summer 2250, and a sheer 2260. The delay lines 2210a-c
receive the data from the input buffer and the sheer
2260 sends the data to the output buffer. The feed
back path, receiving digital data from the summer
2250, includes the sheer 2260, a plurality of delay
lines 2220a,b, and a plurality of multipliers 2240a,b.
The delay lines 2210a-c, 2220a,b delay the data stream
so that data bits are input at individual integrators
at different clock cycles. The delay lines 2210a-c,
2220a,b are coupled to receive an analog signal
carrying either analog or digital data and send the
data to the multipliers 2230a-c, 2240a,b. The delay
lines 2210a-c, 2220a,b maybe implemented in various
ways such as through analog transmission lines
comprising combinations of inductors and capacitors.
Preferably, the delay is a one-bit period. The
multipliers 2230a-c, 2240a,b generate a product of the
data and coefficients. The multipliers 2230a-c,
2240a,b are coupled to receive the data signals and
the coefficient signals and send to send a signal to
the summer 2250. The summer 2250 generates a sum of
the feed forward filter and the DFE. The summer 2250
is coupled to receive signals from the feed forward
multipliers 2230a-c and from the DFE multipliers
2240a,b. The slicer 2260 receives the analog signal
from the summer 2250 and a clock signal, and generates
a digital output according to the clock signal. In one
embodiment, the equalizer 2200 outputs a digital
signal from the slicer 2260 output such as in the
embodiment of Fig. 2 1A in which the equalized signal
may receive no further conditioning before a data
symbol decisions are made. In another embodiment, the
equalizer 2200 outputs an analog signal from the
summer 2250 output such as in the embodiment of Fig.
2IB in which the equalized signal is input into a CDR.
Fig. 23 illustrates a coefficient module according to
an embodiment of the present invention. A data path of
the coefficient module 2800 comprises a bank of
correlation modules 2810a-c, an ADC logic 2820, a
microcontroller 2830, and a DAC logic 2840. The bank
of correlation modules 2810a-c receives data from an
input buffer and the DAC logic 2840 outputs a
coefficient signal to an equalizer or an output
buffer.The bank of correlation 2810a-c modules
performs autocorrelation functions on the data stream.
The bank of correlation modules 2810a-c receive data
signals from the input buffer and send signals to the
ADC logic 2820. In Fig. 28, the bank of correlation
modules 2810a-c calculates <s(t)s(t+ d), <s2(t)s(t+d),
and <s(t)s2(t+d) for d = 1,2,3, etc. 



The ADC logic 2820 digitizes analog signals from the
bank of correlation modules 2810a-c and sends digital
signals to the microcontroller 2830. The ADC logic
2820 comprises a multiplexor to multiplex multiple
inputs on a single output. The microcontroller 2830
uses algorithms to determine coefficient values
according to the autocorrelation results. The
microcontroller 2830 comprises a memory element such
as a EEPROM for storing instructions and past
coefficient values. The DAC logic 2840 generates an
analog signal from the digitized output of the micro
controller 2830. Fig. 24 illustrates a correlation
module according to an embodiment of the present
invention. The correlation module 2900 comprises a
plurality of delay lines 2910a-d, a plurality of
multipliers 2920a-c, and a plurality of integrators
2930a-c. The multipliers 2920a-c are preferably analog
multipliers such as Gilbert cells and the integrators
2930a-c are preferably analog integrators. An
advantage of the present invention is that analog
circuitry determines correlations from the high-speed
data input so that an output to ADC logic can be
low-powered. Moreover, the correlation module 2900
generates coefficients without necessitating a
training sequence. The correlation module 2900 is
configured to calculate an autocorrelation function of
the signal at different times, i.e., <s(t)s(t+d)>. A
first data path includes a multiplier 2920a that
receives inputs directly from the data stream and
after a delay line 2910a and sends an output signal to
an integrator 2930a. A second data path includes a
multiplier 2920b that receives inputs directly from
the data stream and after two delay lines 2910a,b and
sends an output signal to an integrator 2930b. A third
data path includes a multiplier 2920c that receives
inputs directly from the data stream and after three
delay lines 2910a-c and sends an output signal to an
integrator 2930c. The number and types .of data paths
may vary according to specific implementations within
the scope of the present invention. The products are
sent to a microcontroller. Figs. 25-27 illustrate
examples of component integration that may be
implemented as part of the integrated circuit, or
within a transceiver module. Fig. 25 is an
illustration of a transceiver module having
amplification and laser components integrated with
dual eye openers according to an embodiment of the
present invention. This integration reduces the size
of these components on the transceiver module 200 and
allows for more efficient connections between the
various components. The integration of additional
circuits intothe eye opener may also be desirable
depending on the environment in which the eye opener
will operate as well as obvious benefits such as
reduced pin count, reduced package size and cost,
reduced power consumption, improved signal integrity,
etc. Also, additional control circuitry may be
integrated within the eye opener. For instance, laser
bias control circuitry, signal detect circuitry, and
other circuits which might otherwise be incorporated
into the postamp or laser driver separately. Figs. 26
and 27 illustrate other examples of component
integration on a transceiver module. Specifically, the
post amplifier 230 may be individually integrated with
the dual eye openers 205a, b and the eye opener
control module 350. Comparatively, the laser driver
240 may be individually integrated with the dual eye
openers 205a, 205b and the eye opener control module
350. One skilled in the art that there are numerous
additional implementations of component integration on
a chip substrate in accordance with the present
invention. The combinations of dual eye openers
integrated with post amp and laser driver either
singly or in combination may also be accomplished in
the case of single eye openers 205a, b. Eye opener
205b can be integrated with the postamp or may have
sufficient input sensitivity to eliminate the
requirement for a post amp. The eye opener 205b may
also have signal detect features or other functions
that may be incorporated into a post amp or used in a
receiver. Likewise, the eye opener 205a may be
integrated with the laser driver and with any other
circuitry that is used in a transmitter, for example
laser bias control circuitry. Eye opener 205a may have
provisions for adjustable output swing, adjustable
edge speed of the output, and other features that may
be incorporated into laser drivers. Fig. 28 is an
illustration of a transceiver module having power
management functionality integrated with dual eye
openers according to an embodiment of the present
invention. Control of power consumption may become
significant, depending on the actual design, if
multiple eye openers are implemented within the module
200. Accordingly, it is desirable to minimize the
power consumption of components on the eye opener
integrated circuit 800. Power down modes integrated in
the eye opener integrated circuit 800 allow the eye
opener control module 350 to power down components
that are not being utilized during a particular time
period. The power down modes may be externally
controlled via control lines or digital interfaces, or
they may be used automatically as part of the normal
operation of the integrated circuit. For example, a
signal detect function that may be active with a low
duty cycle (e.g., 10%) so that the circuit, which
would otherwise consume a substantial amount of
current, will instead onlyconsume 10% of the amount in
the absence of automatic power down. The power down
may occur on the scale of microseconds so that the
circuit is turned on every few hundred microseconds,
for example, and is powered down the rest of the time.
Other signals within the eye opener might also be
designed to utilize this type of power down. In
addition, other circuits in the eye opener may be
powered down when the eye opener is used in a
transceiver module and these signals may be specific
to use of the eye opener 



within a transceiver or transponder module. The power
down modes may also include a shutdown mode that turns
off the eye opener in response to the absence of a
signal for a particular period of time. In one
embodiment, a component may operate on a duty cycle.
For example, the circuitry necessary for the LOS may
be powered up in response to a polling of the CDR. If
the LOS condition exists, then the LOS signal is
output. However, if the LOS condition does not exist,
then a power savings is realized since the LOS will
not be powered up again until the next polling. A
power management module 805 within the eye opener
control module 350 dynamically controls power levels
on various components on the eye opener integrated
circuit 800. For example, the power management module
805 may shut down the BERT engine 630 or pass-through
control 510 if they are not being used. Additionally,
the power management module 805 may decrease power to
a eye opener (e.g., the receiver eye opener 205b or
transmitter eye opener 205a) if it is not operating
and may restore power to the eye opener when needed.
In one embodiment, a host startup protocol module 810
within the eye opener control module 350 dynamically
controls power levels on components during
installation. For example, the host startup protocol
module 810 may facilitate an initial handshaking
procedure between the transceiver module 200 and the
host 105. During installation, the transceiver module
200 may transmit a low power level inquiry to the host
to request a start-up procedure. In response, the host
105 replies to the inquiry and the host startup
protocol module 810 then powers up components on the
transceiver module 200 needed to complete the setup
procedure. Additionally the host 105 may communicate
data describing whether its protocol operation of the
dual eye openers. The power management module 805 and
host startup protocol module 810 allow components on
the transceiver module 200 to operate in a sleep mode
when not in use. As a result, power management
efficiency is increased and heat on the chip is
reduced. Fig. 29 is a flow chart of a method for
managing power of components on a transceiver module
according to an embodiment of the present invention.
In particular, amode of operation is determined 850
such as a mode not requiring a BERT engine. In
response, components not required for this mode may be
powered down 860 such as a BERT engine for the mode of
operation in the example above. As is evident from the
preceding discussion, the invention may be implemented
in a variety of different embodiments. It was noted
above, for example, in connection with the discussion
of the exemplary embodiment disclosed in Figure 2,
that the receiver and transmitter eye openers 205a and
205b, respectively, compensate for signal degradation
that occurs on serial connections 250 and 260 at
relatively high data rates, such as at data rates of
about 10Gb/s or higher. As the foregoing makes clear,
such compensation may be omitted for data rates lower
than about 10Gb/s. Consistently, the following
discussion is generally concerned with aspects of the
structure, operation and performance of an exemplary
transceiver that employs CDR bypass at one or more
data rates less than about 10Gb/s. One such data rate
that is of interest is an 8Gb/s data rate used in many
protocols. Another such data rate is the 8.5Gb/s data
rate employed in Fibre Channel systems, although the
scope of the invention is not, however, limited to use
in connection with Fibre Channel systems and extends
more broadly to a variety of other environments and
data rates as well. More particularly, an embodiment
of the invention concerns a 1OG XFP transceiver that
is configured to operate at 8.5Gb/s with CDR bypass.
This general configuration may be employed in Fibre
Channel, or other, systems and applications that use
an 8.5Gb/s data rate. Note that this exemplary 8.5Gb/s
data rate associated with the Fibre Channel protocol
may also be referred to as generally corresponding
with an 8.0Gb/s data rate associated with various
other protocols. Directing attention now to Figures
30A through 30D, details are provided concerning
elements of an exemplary 1OG XFP transceiver that is
configured to operate at 8.5Gb/s with CDR bypass,
denoted generally at 3000. Note that while the
following discussion of the aforementioned exemplary
transceiver is primarily concerned with CDR bypass,
such exemplary transceiver is configured to include,
in addition, other systems, devices and
functionalities disclosed herein. In general, the XFP
transceiver 3000 can be used at data rates different
than typical 10Gb/s applications, such as 8.5Gb/s, as
a result of a CDR bypass feature of the XFP
transceiver 3000 which allows the high-speed data
stream to bypass the CDR unit and be output directly.
With regard to the aforementioned figures, Figure 30
discloses aspects of an exemplary ROSA and
post-amplifier, while Figure 3 1 is concerned with
anexemplary TOSA and laser driver, and Figure 32 is
directed to an exemplary controller IC. As
collectively disclosed by the Figures 3OA through 3OD,
the XFP transceiver includes a controller IC 3002 that
is configured to direct operations, which may include
diagnostic evolutions, of the XFP transceiver in
connection with internal programming and/or
instructions received from a host device by way of a
connector such as the XFP connector 3004 of Figure
30B. In one exemplary embodiment, the XFP transceiver
includes a digital diagnostics IC (not shown)
configured to communicate with the controller IC 3002
and other elements of the XFP transceiver. One example
of such a 



digital diagnostics IC that may be employed is the
Finisar Control Chip ("FCC"). Other digital
diagnostics ICs of comparable functionality may
alternatively be employed however. Particularly, the
controller IC 3002 communicates with a laser driver
3006, disclosed in Figure 30C, by way of a digital to
analog converter (DAC) 3008, disclosed in Figure 30A.
The laser driver 3006, in turn, operates the TOSA
3010, indicated in Figure 30C, as directed by the
controller IC 3002. In the exemplary illustrated
arrangement, the laser driver 3006 has an associated
CDR 3012 that is separate from the laser driver 3006,
but in some alternative embodiments, the CDR is
incorporated into the laser driver. On the receiver
side, and as disclosed in Figure 3OD, the XFP
transceiver includes a ROSA 3014. Connected with the
ROSA 3014 is a post-amplifier/CDR 3016 that
communicates with the controller IC 3002. With
attention now to particular aspects of the exemplary
XFP transceiver, details are provided concerning an
implementation of the CDR bypass functionality at the
8.5Gb/s data rate. In particular, a bit in the XFP
transceiver user EEPROM table (not shown) is set to
enable or disable the CDR bypass function. The bit can
be preset by manufacture and can also be set/reset by
a programmer or user through the XFP transceiver
2-wire serial communication interface in the XFP
connector 3004. When the XFP transceiver detects the
bit change to "enable" at this location, the
controller IC(U 12) sends a signal to the Rx_bypass
pin 11 of the post-amplifier/CDR 3016 (see Figure 30D)
and to the Tx_bypass pin 2 of the CDR 3012 (see Figure
30C). In this way, the bypass function of the
post-amplifier/CDR 3016 and the CDR 3012 is enabled so
that received and transmitted data signals of about
8.5Gb/s will bypass those CDRs. As disclosed elsewhere
herein, the bypass can be performed automatically in
response to detection of the data rate, or can be
performed manually by a user so that theuser can
select specific signals to bypass the CDR.
Additionally, bypass can be performed for a
predetermined range of data rates, or for each data
rate in a selected group of different data rates.
Referring back now to the illustrated embodiment, when
CDR bypass is invoked, the host 8.5Gb/s electrical
data passes through the XFP transceiver and the
electrical/optical front end, or TOSA 3010 (see Figure
30C), converts the 8.5Gb/s electrical data to 8.5Gb/s
an optical data stream that is then launched into a
fiber. In similar fashion, the 8.5Gb/s optical data
stream received by the XFP transceiver passes though
the XFP transceiver after the optical/electrical
conversion at the ROSA 3014 Turning now to Figures 31A
through 35, it was noted above that some embodiments
of the invention are implemented so that signal
degradation compensation, such as is performed by
receiver and transmitter eye openers 205a and 205b or
by postamplifier/ CDR(Ul) and CDR(U13), may be omitted
for data rates lower than about 10Gb/s, such as about
8.5Gb/s for example. As Figures 31A through 35
indicate, favorable results have been obtained with a
1OG XFP transceiver using an 8.5Gb/s CDR bypass. With
reference first to the Tx optical eye diagrams for
8.5Gb/s at room temperature, Figures 3 1A and 3IB, the
eye diagrams indicate, among other things, a wide open
eye with no mask hits or margin hits. Similarly, the
Tx optical eye diagrams for 8.5Gb/s at 700C, Figures
32A and 32B, indicate a wide open eye with no mask
hits or margin hits, although the margin at 25% is
slightly smaller than the 30% margin exhibited at room
temperature. The electrical performance of the 1OG XFP
transceiver using an 8.5Gb/s CDR bypass is favorable
as well. Among other things, Figures 33A and 33B
disclose an Rx electrical eye diagram with a wide open
eye for a data rate of 8.5Gb/s at 25C, while Figures
34A and 34B disclose an Rx electrical eye diagram with
a wide open eye for a data rate of 8.5Gb/s at 700C.
Finally, Figure 35 discloses, among other things, that
the exemplary 1OG XFP transceiver using an 8.5Gb/s CDR
bypass exhibits good sensitivity. Specifically, an Rx
sensitivity better than -17 dBm over a 30km fiber.
Thus, Figures 3 1A through 35 indicate that good
performance can be obtained using an 8.5Gb/s CDR
bypass in a 1OG XFP transceiver. Accordingly, one
useful aspect of some embodiments of the invention is
that an exemplary 1OG XFP transceiver can be used,
with CDR bypass at 8.5Gb/S, in 8.5Gb/s Fibre Channel
systems. As noted earlierhowever, the scope of the
invention is not limited to 8.5Gb/s rates, rather,
that is an exemplary CDR bypass rate, and one or more
other rates may be employed as well. The present
invention provides several benefits over conventional
transceiver modules. A first benefit is that is may be
used to improve the performance of XFP transceiver
modules. XFP transceiver modules are small form factor
optical modules operating at a data rate of
approximately 10 Gb/s. Another benefit of the present
invention is that the transceiver module may be
plugged into serial connectors on a host reducing the
number of SERDES components on both the host and
transceiver module. Dual eye openers may be placed in
the transmit and receive paths to ensure that data
streams remain within a predefined jitter budget. The
removal of SERDES components decreases the amount of
heat on the transceiver chip(s), decreases the
component cost, and reduces the required area on a
chip substrate for 



components. An additional benefit of the present
invention is that particular functionalities may be
integrated on the transceiver module. A first
functionality is providing control of various
components, including dual eye openers, via a serial
connection. This serial connection reduces the number
of pins and connections required to control the
transceiver module. A second functionality is
providing multiple loopback modes that may be used to
test components and data paths on both the transceiver
module and optical paths on an attached network.
Furthermore, a BERT engine may be integrated on the
module to further enhance this testing and monitoring
capability of the loopback modes. These
functionalities lower the manufacturing costs and
installation costs because the internal testing
described above provides more efficient and cost
effective methods of testing than conventional testing
procedures. Still yet another benefit of the present
invention is that a pass-through functionality may be
integrated on the transceiver module. This
pass-through function allows the transceiver module to
operate in different networking environments having
different data rates and eye opener requirements. The
present invention may also include power management
functionality that is integrated on the transceiver
module. This power management function allows the
dynamic control of power to components on the module
during both operation and installation. As a result,
power is conserved and heat reduced on the chips.
While the present invention has been described in
detail in regards to a transceiver, it will be
understood from the above description that embodiments
of the present invention may be applied to a
transponder as well. Additionally, while thepresent
invention has been described with reference to certain
exemplary embodiments, those skilled in the art will
recognize that various modifications may be provided.
For example, other types of circuits may be used to
reduce jitter or open an eye diagram at a transceiver
or transponder module. For example, both passive and
adaptive equalization circuits may be used for these
purposes. Also, one skilled in the art will recognize
that the above description may apply to reclocking
circuitry as well. Accordingly, the functionalities
described above are not meant to be limited to an eye
opener, but may be used in a number of circuits used
to improve a signal such as signal conditioners or eye
openers. The present invention may be embodied in
other specific forms without departing from its spirit
or essential characteristics. The described
embodiments are to be considered in all respects only
as illustrative and not restrictive. The scope of the
invention is, therefore, indicated by the appended
claims rather than by the foregoing description. All
changes which come within the meaning and range of
equivalency of the claims are to be embraced within
their scope.CLAIMS What is claimed is: 1. A
transceiver module, comprising: a TOSA; a ROSA;
receiver eye opener circuitry including a first input
configured to receive a first serial electrical data
stream from the ROSA, and further including a first
output through which the first serial electrical data
stream passes, the first serial electrical data stream
having a jitter value that is lower at the first
output than at the first input; transmitter eye opener
circuitry including a second input configured to
receive a second serial electrical data stream, and
further including a second output through which the
second serial electrical data stream passes to the
TOSA, the second serial electrical data stream having
a jitter value that is lower at the second output than
at the second input; and bypass circuitry configured
so that at least one of the serial electrical data
streams bypasses corresponding eye opener circuitry
when the at least one serial electrical data stream
has a data rate less than about 10Gb/s. 2. The
transceiver as recited in claim 1, wherein the bypass
circuitry is configured to permit at least one of the
serial electrical data streams to bypass corresponding
eye opener circuitry when the at least one serial
electrical data stream has a data rate of about
8.5Gb/s. 3. The transceiver as recited in claim 1,
wherein the transceiver is compatible with the Fibre
Channel protocol. 4. The transceiver as recited in
claim 1, wherein the transceiver is substantially
compliant with the XFP MSA. 5. The transceiver as
recited in claim I 5 wherein the bypass circuitry is
configured so that for a data rate less than about
10Gb/s: the first serial electrical data stream
bypasses the receiver eye opener circuitry; and the
second serial electrical data stream bypasses the
transmitter eye opener circuitry. 6. The transceiver
as recited in claim 1, wherein the bypass circuitry
comprises first and second portions, the first portion
corresponding to the transmitter eyeopener circuitry
and the second portion corresponding to the receiver
eye opener 



circuitry. 7. The transceiver as recited in claim 1,
wherein the receiver eye opener circuitry and
transmitter eye opener circuitry each comprise a
respective CDR, multiplexer, and retimer arranged in
series. 8. The transceiver as recited in claim 1,
wherein operation of the receiver eye opener circuitry
and transmitter eye opener circuitry is responsive to
a detected data rate. 9. The transceiver as recited in
claim 1, wherein bypass of the at least one serial
electrical data stream occurs automatically. 10. The
transceiver as recited in claim 1, further comprising
diagnostics circuitry configured to provide
information concerning the performance of at least one
of: the ROSA; and, the TOSA. 11. A transceiver module,
comprising: a plurality of components that are
substantially compliant with the XFP MSA and are
compatible for use in a Fibre Channel system, the
plurality of components including: a TOSA; a ROSA;
receiver eye opener circuitry including a first input
configured to receive a first serial electrical data
stream from the ROSA, and further including a first
output through which the first serial electrical data
stream passes, the first serial electrical data stream
having a jitter value that is lower at the first
output than at the first input; transmitter eye opener
circuitry including a second input configured to
receive a second serial electrical data stream, and
further including a second output through which the
second serial electrical data stream passes to the
TOSA, the second serial electrical data stream having
a jitter value that is lower at the second output than
at the second input; and bypass circuitry configured
so that at least one of the serial electrical data
streams bypasses corresponding eye opener circuitry
when the at least one serial electrical data stream
has a data rate of about 8.5Gb/s. 12. The transceiver
module as recited in claim 11, wherein the bypass
circuitry is configured to operate in connection with
one of: an LOL signal; an LOS signal; and, a bypass
signal.13. The transceiver module as recited in claim
11, wherein the bypass circuitry is configured to
permit at least one of the serial electrical data
streams to bypass corresponding eye opener circuitry
when the at least one serial electrical data stream
has a data rate that falls within a predetermined
range of bypass data rates. 14. The transceiver module
as recited in claim 11, further comprising bypass
control circuitry in communication with the bypass
circuitry and configured to receive and transmit
signals concerning operation of the bypass circuitry.
15. The transceiver module as recited in claim 14,
wherein the bypass control circuitry is configured for
at least one of: manual control; and, automatic
operation. 


