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METHODS FOR DETECTING AND REVERSING BETA CELL DE-
DIFFERENTIATION AND USES THEREOF

CROSS-REFERENCE TO RELATED APPLICATIONS
{0001} This application claims the benefit of ULS. Provisional Application No.
61/972,196, filed on March 28, 2014, the contents of which are hereby incorporated by

reference in its entirety.

BACKGROUND OF THE INVENTION

{60021 Dysfunction or death of pancreatic P cells underlies all types of diabetes.
In the case of Type 1 diabetes, it is unkoown whether the initiating cause of § cell
destruction is an inymune attack or a B cell pathology that instigates autoimmunity. § cell
failure in type 2 diabetes (12D} is thought to begin as a compensatory response o
peripheral insulin resistance and eventually results in the loss of 3 mature B cell
phenotype, without necessarily leading to B cell death (Weir et al., 2013; Weir and
Bonner-Weir, 2004). This loss of a mature  cell phenotype, sometimes called de-
differentiation, can result from cxposure to high levels of glucose, lipids and
inflammatory cytokines (Accili et al., 2010}, De-differentiation of B-cells in the context of
diabetes has been shown in vivo with the genetic disruption of key transcription factors,
including FoxOl (Talchai et al., 2012) and NeuroD {Gu et al, 2010), and is also seen in
isolated islets cultured in vitre on an adherent substrate (Bar-Nur et al., 2011; Bar et al.,

2012; Gershengorn et al., 2004; Negi ot al,, 2012; Russ et al., 2008; Weinberg et al.,
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2007, In both the FoxQO1 knockout mice and obese diabetic (Db/Db) mice, de-
differentiating P-cells gradually lose insulin expression and begin to express progenitor-
cell markers including Ngn3 and Sox9 (Talchai et al., 20312}, Oxidative stress, also
assoctated with T2D, inactivates the P cell specific transeription factors MafA, Nkx6.1
and Pdx1, again leading to the loss of mature B cell identity {Guo et al., 2013).

{00037 [ cell de-differentiation may represent a reversal of the normal ontogeny
of b cells, or follow a different pathway, but it is clear that de-differentiation depletes the
pool of fimctionally matore B cells in T2D patients (Weir et al., 2013; Weir and Bonner-
Weir, 2004). it is not known whether there are stages of de-differentiation at which the
cells can recover or re-differentiate back into fully mature P cells. The commonly used
T2D drugs act by suppressing ghicose production in the liver {e.g. Metformin}, by
enhancing peripheral insulin sensitivity (e.g. Rosiglitazone and other thiazolidinediones},
ot by forcing the seeretion of more nsulin trom the alveady-stressed B cells (e.g.
sulfonyhireas such as Glyburide}. There is no evidence that any of these drags reverse B-
cell de-differentiation or restore the functionally mature P cell mass after B cell de-
differentiation has occurred {Accili et al,, 2010; Kahn et al., 2006). Accordingly, there
exists a need for a marker for the early detection of B cell de-differentiation, and methods

for preventing and/or reversing B cell de-differentiation {e.g., at an carly stage).

SUMMARY OF THE INVENTION

{0004] In some aspects, the disclosure provides a method for detecting de-
differentiation or re-differentiation of a p cell, the wethod comprising: a) obtaining a B
cell; b} detecting the level of urocortin 3 {Uen3} expression in the P cell; ¢ comparing the
level of Ucn3 expression detected in the B cell to the level of Ucn3 expression detected in
a normal mature P cell; and d) detecting de-differentiation or re~differentiation of the
cell, wherein de-differentiation of the B cell is detected if the level of Ucn3 expression
detected in the B cell is decreased relative to the level of Ucn3 expression detected in the
normal mature B cell; or wherein re-differentiation of the B cell is detected if the level of
Ucn3 expression detected in the B cell is comparable to the level of Uen3 expression
detected in the normal mature P cell

{00057 In some embodiments, detecting in b} comprises detecting the level of
Ucn3 mRNA expression or Uen3 protein expression. In some embodiments, detecting in

b} comprises performing an immunostain using an antibody specific for Ucen3 protein to
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detect the level of Ucn3 protein expression in the § cell. In some embodiments, detecting
in b} comprises performing an immunostain using a primary antibody specific for Uend
protein and a secondary antibody-fluorescent dye conjugate specific for the primary
antibody fo detect the lfevel of Ucn3 protein expression in the B cell. In sorme
embodiments, the method includes fmaging the immunostain using a microscope to
obtain a micrograph displayving Ucn3 protein expressed in the P cell in a fluorescent color
indicative of the level of Ucn3 protein expressed in the B cell. In some embodiroents,
comparing in ¢} comprises displaying a fivst micrograph showing the results of an
immunostain for Ucen3 protein in the P cell and displaying a second micrograph showing
the results of an iromunostain for Uco3 protein in the normal roature P cell. Tonsome
embodiments, measuring in b) comprises performing a hybridization based assay using
one or more nucleic acids which hybridizes to a nucleic acid encoding Ucn3. 1n some
embodiments, rocasuring in b) comprises performing a polymerase chain reaction based
assay using a set of primers and probes specific for Uen3 ¢DNA, wherein the level of
Ucen3 ¢DNA detected is indicative of the level of Uen3 mBNA expressed in the f cell. In
sorae embodiments, rocasuring in b) comprises: i) isolating total RNA comprising Ucn3
mRNA from the B cell; 11} reverse transeribing the Ucn3 mRNA isolated in step i) to
generate Uen3 ¢DNA; and i) performing s quantitative real-time polymerase chain

caction {qRT-PCR) assay using a set of probes and/or primers specific for Uen3 ¢cDNA
to detect the level of Ucn3 mRNA expression in the P cell, wherein the amount of Ucn3
cDNA detected is indicative of the level of Ucn3 mRNA expression in the B cell. Insome
embodiments, comparing o ¢) coraprises displaying a graph showing the relative
expression of Uen3 mRNA in the B cell compared to the relative expression of Ucn3
mRNA in the normal mature B cell,

100061 In soroe embodiments, the method includes detecting the level of insulin
expression in the 8 cell. In some embodiments, detecting comprises detecting the level of
expression of insulin mRNA or protein. In some embodiments, detecting the level of
expression of insulin protein comprises performing an imnmimostain using an antibody
specific for insulin protein to detect the level of insulin protein expression in the § cell. In
some embodiments, detecting the level of expression of insulin protein comprises
performing an immunostain using a primary antibody specific for insulin protein and a
secondary antibody-fluorescent dye conjugate specific for the primary antibody to detect

the level of insulin protein cxpression in the B cell. In some embodiments, the method
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includes imaging the imnmunostain using 8 microscope to obtain s micrograph displaying
insulin protein expressed in the B cell in a fluorescent color indicative of the level of
insulin protein expressed in the P cell. In some embodiments, the method inchudes
comparing the level of insulin expression inthe f cell to the level of insulin expression in
the normal mature B cell. In some embodiments, comparing comprises displaying a first
micrograph showing the results of an immunostain for insulin protein in the § cell and
displaying a second micrograph showing the results of an imvmunostain for insulin protein
in the normal mature B cell. In some embodiments, detecting the level of expression of
insulin mRNA in the §§ cell comprises performing a hybridization based assay using one
or more nucleic acids which hybridizes to a nucleic acid encoding insulin, In soroe
embodiments, detecting the level of expression of insulin mRNA in the B cell comprises
performing a polymerase chain reaction based assay using a set of primers and probes
specific for insulin ¢DNA, wherein the level of insulin ¢cDNA detected 15 indicative of the
level of insulin mRNA in the B cell. In some embodiments, detecting the level of
expression of insulin mRNA in the P cell comprises: 1) isolating total RNA comprising
msulin mRNA from the § cell; 1) reverse franseribing the insulin RNA isolated in step 1)
to generate insulin ¢cBNA; and i) performing a quantitative real-time polymerase chain
reaction {gRT-PCR) assay using a set of probes and/or primers specific for insulin cDNA
to detect the level of insulin roRNA expression in the B cell, wherein the amount of
insulin ¢c3NA detected is indicative of the level of insulin mRNA expression in the § cell.
In some embodiments, the method includes comparing the level of expression of insulin
mRNA in the P cell to the level of expression of insulin mRNA o a normal mature B cell.
In some embodiments, comparing comprises displaying a graph showing the relative
expression of insulin mRNA in the P cell compared to the relative expression of Ucn3
mRNA in the normal mature p cell.

{00071 In some embodiments, de-differentiation comprises an early stage of de-
differentiation in which Ucn3 expression decreases and insulin expression remains the
same or increases. [n some embodiments, de-differentiation comprises a late stage of de-
differentiation in which Ucn3 expression decreases and insulin expression decreases. In
some embodiments, de-differentiation is characterized by decreased expression of at least
one marker of mature P cells comprising Fox(O1, MafA, NearoD, Nkx6.1, and Pdx1. In
some embodiments, re-differentiation is characterized by increased expression of at least

ong marker of mature B cells comprising FoxQO1, MafA, NeuroD, Nkx6.1, and Pdxl. In
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some embodiments, de-ditferentiation is characterized by the absence of an appropriate
ghicose stimulated insulin secretion {GSIR) response in the B cell. In some embodiments,
re-differentiation is characterized by the presence of an appropriate GSIS response in the
B cell.

{0008} Iun some embodiments, the 8 cell obtained in a} comprises (i} a Peell inor
isolated from an islet or a pancreas; or (i1} a P cell differentiated in vitre. In some
embodiments, the P cell is obtained from a subject who is (i) has diabetes; (i) 15 at risk of
developing diabetes; (i1} s developing diabetes; or {iv} is suspected of having or
developing diabetes. In some embodiments, the § cell obtained from a subject who is (i}
non-diabetic; (1) mildly diabetic, or (i1} severely diabetic.

[0009] In some aspects, the disclosure provides a method of preventing de-
differentiation of a § cell, comprising contacting a B cell with an agent that inhibits
transtorming growth factor-B (TGFB) superfamily signaling.

{00107 In some embodiments, preventing de-differentiation of the §8 cell causes
the B cell to: (i) increase or maintain expression levels of Uen3; (i} increase or maintain
expression levels of at least one marker of mature f cells corprising FoxO1, MatA,
NeuroD, Nkx6.1, and Pdx1; and/or (iit} preserve an appropriate GSIS response in the §
cell.

100117 In soroe aspects, the disclosure provides a roethod of reversing de-
differentiation of a B cell, comprising contacting a de-differentiated B cell with an agent
that inhibits transforming growth factor-B (TGFB) superfamily signaling.

10012] In soroe embodiments, the de-differentiated § cell comprises: a} a de-
differentiated B cell in an early stage of de-differentiation that exhibits at least one of 1)
decreased Ucen3 expression and increased or unchanged insulin expression; 1) decreased
expression of at least one marker of mature B celis comprising FoxO1, MafA | NeuroD,
Nix6.1, and Pdx1; and/or iit) lack of an appropriate GSIS response; or by a de-
differentiated B cell in a late stage of de-differentiation that exhibits at least one of 1}
decreased Ucen3 expression and decreased insulin expression; 11} decreased expression of
at least one marker of mature § cells comprising FoxO1, MafA, NeuroD, Nkx6.1, and
Pdx1; and/or i1} lack of an appropriate (GSIS response.

{00127 In some embodiments, reversing de~differentiation of the § cell causes the

{3 cell to: (i) increase expression levels of Ucn3; (i) increase expression levels of at least
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one marker of mature B cells comprising MatA, Nkx6.1, Pdxl, NeuroD, and FoxQl;
and/or (111} exhibit an appropriate GSIS response in the f cell.

{60141 In some embodiments, TGFB superfamily signaling comprises artemin
signaling through receptor tyrosine kinase RET or a GFRalpha3 receptor (GRFu3). In
some ernbodiments, the at least one agent comprises an inhubitor of RET or an inhibitor of
GFRoe3. In some embodiments, the at least one agent comprises PHA-739358 or an
analog or derivative thereof. To some embodiments, the at least one agent comprises
VEGFR inhibitor V or an analog or derivative thereof. In some embodiments, TGFP
superfamily signaling comprises TGFf signaling through a receptor serine/threoning
kinase. In some embodirnents, the at lcast one agent comprises AlkS inhibitor I or an
analog or derivative thereot. In some embodiments, the at least one agent comprises
ALKS inhibitor [ or an analog or derivative thereof. In some embodiments, the at least
one agent coraprises a SMAD3 inhibitor or an analog or derivative thereof. Tn some
embodiments, the method (e.g., of reversing and/or preventing de-differentiation)
includes detecting de-differentiation of the B cell or de-differentiated P cell. In some
embodiments, de-differcutiation of the B cell or de-differentiated P cell is detected (1)
prior to contacting, (it} contemporaneously with contacting, or (it} after contacting.

{00157 In some embodiments, contacting occurs in vitro or ex vivo. In some
embodiments, contacting occurs /1 vive. In some embodiments, the in vive contact occurs
in a subject. In some embodiments, the subject {i} has diabetes; (i} is at risk of
developing diabetes. In some embodiments, the subject is (1) nou-diabetic; (31} mildly
diabetic, or (i1} severely diabetic. In some embodiments, the method includes
administering to the subject a conventional anti-diabetes therapy.

100161 In soroe aspects, the disclosure provides a roethod of identifying at least
one candidate agent for preventing P cell de-differentiation, comprising: a} contacting a 8
cell with at lcast one test agent under conditions which cause B cell de-differentiation to
oceur; and b) assessing the level of Uen3 expression in P cell in the presence of the at
least one test agent, wherein the at least one test agent is identified as at least one
candidate agent for preventing B cell de-differentiation if the level of Ucn3 expression in

the B cell does not decrease in the presence of the at least one test.
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(60171 In some embodiments, the conditions which cause §§ cell de-differentiation
to occur comprise stress induced by a cvtokine comprising IL-13, TNFa, IFNv, and
combinations thereof.

100181 In some embodiments, the rocthod includes assessing the level of
expression of at least one marker of matare B cells comprising FoxO1, MafA, Nkx6.1,
and/or Pdx1, wherein the at least one test agent is identified as at iecast one candidate
agent for preventing P cell de-differentiation it the level of expression of the at least one
marker of mature B cells in the B cell does not decrease in the presence of the at least one
test agent.

100197 In some embodiments, the rocthod includes conducting a GSIS assay on
the B cell, wherein the at least one test agent is identified as at least one candidate agent
for preventing B cell de-differentiation if the B celil maintains ity ability to exhibit an
appropriate GSIS response in the presence of the at least one test ageunt.

(00207 In some aspects, the disclosure provides a method of identifying at least
one candidate agent for reversing P cell de-differentiation, comprising: a) contacting a de-
differentiated B cell with at least one test agent; and b) assessing the level of Ucen3
expression in the de-differentiated B cell in the presence and absence of the at least one
test agent, wherein the at least one tost agent is identified as at least one candidate agent
for reversing P cell de~-differentiation if the level of Ucnd expression in the de-
differentiated B cell increases in the presence of the at least one test agent compared to the
fevel of Ucn3 expression in the de-differentiated § cell in the absence of the at least one
test agent.

{00211 In some embodiments, the method inchides measuring the fevel of
expression of at least one marker of mature P cells comprising FoxO1, MatA, Nkxo6.1,
and Pdx1, wherein the at least one test agent is identified as a candidate agent for
reversing B cell de-differentiation if the level of expression of the at least one marker of
mature P celis detected in the de-differentiated § cell increases in the presence of the at
least one test agent relative the level of expression of the at least one marker of mature §
cells detected in the de-differentiated B cell in the absence of the at feast one test agent.

[0022] In some embodiments, the method inchudes conducting a GSIS assay on
the de-differentiated P ccll, wherein the at least one test agent is identified as a candidate
agent for reversing B cell de-differentiation if the de-differentiated §§ celi gains the ability

to exhibit an appropriate GSIS response after cxposure fo the at least one test agent.
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100237 In some embodiments, the de-differentiated P cell comprises: (i) a B cell
e-differentiated by culturing in adherent conditions, or (it} a de-differentiated B cell
obtained from a diabetic subject.

100247 In soroe aspects, the disclosure provides a roethod of identifying at least
one candidate agent for reversing B cell de-differentiation, comprising: a) contacting a B
cell with at least one test agent; and b} assessing the ability of the at least one test agent to
inhibit AlkS signaling, wherein at lcast one test agent that dernonstrates the ability fo
inhibit AlkS signaling comprises at least one candidate agent for reversing P cell de-
differentiation. In some embodiments, the method includes assessing the ability of the at
teast one candidate agent to reverse B cell de~differentiation, wherein assessing the ability
of the at least one candidate agent to reverse P cell de-differentiation comprises: a)
contacting a de-differentiated § cell with the at least one candidate agent; and b} detecting
the level of Ucn3 expression in the de-~differentiated P cell, wherein at least one candidate
agent demonstrates the ability to reverse § cell de-differentiation if the level of Uen3
expression detected in the de-differentiated § cell increases in the presence of the at least
one candidate agent relative the level of Ucnd expression detected in the de-differentiated
{3 cell in the absence of the at least one candidate agent.

{0025] In some embodiments, the method includes measuring the level of
expression of at Jeast one marker of mature B cells comprising FoxO 1, MafA, Nkx6.1,
and Pdx1, wherein the at least one candidate agent demonstrates the ability to reverse §
cell de-differentiation if the level of expression of the at least one marker of mature §
cells detected in the de-differentiated P cell increases in the presence of the at least one
candidate agent relative the level of expression of the at least one marker of mature P cells
detected in the de-differentiated P cell in the absence of the at least one candidate agent.

100261 In soroe embodiments, the method includes conducting a GSIS assay on
the de-differentiated [ celi, wherein the at least one candidate agent demonstrates the
ability to reverse B cell de-differentiation if the de-differcntiated B cell gains the ability to
exhibit an appropriate GSIS response after exposure {0 the at least one candidate agent.

186271 in some embodiments, the disclosure provides a method of preventing a §§
cell de-differentiation-related disorder, the method comprising administering to a subject
in need thereot an effective amount of a P cell de-differentiation preventing agent. In

some embodiments, the disclosure provides a method of treating a §§ celi de-
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differentiation-related disorder, the method comprising administering to a subject in need
thereof an effective amount of a §§ cell de-differentiation reversing agent.

{60281 In some embodiments, the P cell de-differentiation preventing agent
and/or the B cell de-differcntiation reversing agent comprise an inhibifor of TGFR
superfamily signaling. In some embodiments,the B cell de-differentiation preventing
agent and/or the P cell de-differentiation reversing agent comprise an inhibitor of artemin
signaling. In soroe embodiments, the P cell de-differentiation preventing agent and/or the
B cell de~-differentiation reversing agent comprises an inhibitor of receptor tyrosine kinase
RET or an inhibitor of receptor GRFa3. In some embodiments, the P celi de-
differentiation preventing agent and/or the B cell de-differentiation reversing agent
comprises PHA-739358 or an analog or derivative thereof. In some embodiments, the B
cell de-differentiation preventing agent and/or the B cell de-differentiation reversing agent
comprises VEGFR inhibitor V or an analog ot derivative thereof. In some embodiments,
the B cell de-differentiation preventing agent and/or the B cell de-differeuntiation reversing
agent comprise an inhubitor of AlkS signaling. {n some embodiments, the B cell de-
differentiation preventing agent and/or the B cell de-differentiation reversing agent
comprises AlkS inhibitor | or an analog or derivative thereof. In some embodiments, the
B cell de-differentiation preventing agent and/or the B cell de-differentiation reversing
agent comprises ALKS inhibitor | or an analog or derivative thereof. In some
embodiments, the § cell de-differentiation preventing agent and/or the B cell de-
differentiation reversing agent cornprises a SMAD3 inhibitor or an analog or derivative
thercof.

{00291 In some embodiments, the subject in need of is a subject who (i) is in nead
of additional § cell; (i) has diabetes; (ii1} is at risk of developing diabetes; (iv) is
developing diabetes; (v) is suspected of having or developing diabetes; (vi) is non-
diabetic; {vii} is mildly diabetic; or {viii) severely diabetic. In some embodiments, the
subject has, is developing or is at risk of developing, or is suspected of having metabolic
syndrome or obesity. In some embodiments, the B cell de-differentiation-related disorder
is selected from the group consisting of pre-diabetes, type { diabetes, type I diabetes,
type 1.5 diabetes, obesity, metabolic syndrome, or hyperlipidenua. {n some
embodiments, the method includes selecting a subject in need of treatment for a B cell de-

differentiation-related disorder. In some embodiments, the method includes detecting 8
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cell de-differentiation in the subject. In some embodiments, the method includes
administering to the subject an effective amount of an anti-diabetic agent.

{60307 The practice of the present invention will typically employ, unless
otherwise indicated, conventional techniques of cell biology, cell culture, molecular
biology, transgenic biclogy, microbiology, recombinant nueleic acid {e.g., DNA)
technology, immunology, and RNA interference {RNA1) which are within the skill of the
art. Non-Hmiting descriptions of certain of these techuiques are found in the following
publications: Ausubel, F., et al., {eds.}, Current Protocols in Molecular Biology, Current
Protocols in Immunology, Current Protocols in Protein Science, and Current Protocols in
Cell Biology, all John Wiley & Sons, N.Y., edition as of December 2008; Sambrook,
Russell, and Sambrook, Molecular Cloning: A Laboratory Manual, 2rd ed., Cold Spring
Harbor Laboratory Press, Cold Spring Harbor, 2001; Harlow, E. and Lane, D, Antibodies
— A Laboratory Manual, Cold Spring Harbor Laboratory Press, Cold Spring Harbor,
198R; Freshney, R.1L, “Cultore of Animal Cells, A Manual of Basic Technique”, 5th ed,,
John Wiley & Sons, Hoboken, NJ, 2005, Non-limiting information regarding therapeutic
agents and buman diseases s found in Goodroan and Gilman’s The Pharmacological
Basis of Therapeutics, 11th Ed., MeGraw Hill, 2005, Katzung, B. (ed.} Basic and Clinical
Pharmacology, McGraw-HilVAppleton & Lange; 10th ed. (2006) or 11th edition (July
2009, Non-limiting information regarding genes and genetic disorders s found in
MeKusick, V.A.: Mendelian Inheritance in Man. A Catalog of Human Genes and Genetic
Disorders. Baltimore: Johns Hopkins University Press, 1998 (12th edition} or the more
recent ondine database: Online Mendelian Inherttance in Man, OMIM™, McKusick~
Nathans Institute of Genetic Medicine, Johns Hopkins University {Baltimore, MD} and
MNational Center for Biotechnology Information, National Library of Medicine {Bethesda,
MD), as of May 1, 2010, World Wide Web URL: http//'www.nchinlm.nih.gov/ominy
and in Online Mendelian Inheritance in Animals (OMIA}, a database of genes, inherited
disorders and traits in animal species {other than human and mouse), at
http://omia.angis.org.aw/contact.shtml. All patents, patent applications, and other
publications {e.g., scientific articles, books, websites, and databases) mentioned herein are
incorporated by reference in their entirety. In case of a conflict between the specification
and any of the incorporated references, the specification (inchuding any amendments

thereof, which may be based on an incorporated reference}, shall control. Standard art-
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accepted meanings of terms are used herein unless indicated otherwise. Standard

abbreviations for various terms are used herein.

BRIEF DESCRIPTION OF THE DRAWINGS

{86317 The patent or application file contains at least one drawing executed in
color. Copies of this patent or patent application publication with color drawings will be
provided by the Gffice upon request and payment of the necessary fee.

180327 FIGS. 1A, 1B and 1C demonstrate loss of Ucn3 expression as an early
marker for § cell de-differentiation in diabetes. FIG. 1A shows immunostaining with
antibodies against insalin {red) and Ucn3 {green) in pancreata from T2D (Ob/Ob and
Db/Db) and healthy control (C57BL/6} mice. Ucen3 protein expression is down regulated
in diabetic pancreata compared to the healthy control. Nuclei are stained with DAPL
{blae). FIG. 1B is a bar graph showing the results of quantitative real-time PCR analysis
of Insulinl and Ucn3 gene expression in islets from non-diabetic control mice {(n=1¢;
average blood glucose 167+3mg/dL), mildly diabetic (n=16; average blood glucose
381+17mg/dL} and severely diabetic mice (=11; average blood glucose 58R:&mg/dL).
Error bars represent £ SEM., ¥**P<(.0605. FIG. 1C is a bar graph showing that mice
treated with S961 for one week have a nearly two-fold increase in insulin mRNA
expression (indicating that they are compensating for the insulin resistance by over-
producing insulin), and about a twofold decrease in Ucn3 mRNA expression.

[0033] FIGS. 24, 2B, 2C, 2D, 2E, 2F and 2(G demonstrate B cell de-
differentiation is reversible. FIG. 2A shows immunostaining with antibodies against
insulin {red) and Ucn3 {green) in pancreata from wild-type C57BL/6 mice treated with
either vehicle (PBS) or 8961 (insulin receptor antagonist) for 7 days (upper and maddle

~
I
7

panels) or treated with 8961 for 7 days followed by a 7 day recovery period in the
absence of 8961 (lower panel}). Ucn3 protein expression is down regulated in B cells
following 7-days S961 treatroent, but returns to normal expression levels upon remission
to normoglycaemia (see text). Nuclei are stained with DAPI {(blue}. FIG. 2B is a
schematic depicting RCU reporter mice made by crossing mice homozygous for the
Insulin?-Cre transgene with mice doubly-homozygous for Rosal6-lox-stop-lox-
H2BmCherry and Ucen3-GFP. Insulin expression in RCU progeny is permanently marked

by red nuclear fluorescence, and Ucn3 expression is marked by green cytoplasmic
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fluorescence. FIG. 2C shows confocal imaging of triple hemizygous progeny f cells from
RCU mice show red nuclear fluorescence in B cells that is casily distinguished from the
cytoplasmic green fluorescence emitted by the Ucen3-GFP reporter. FIG. 2D shows
pancreas sections of PBS-treated control and S96 1-treated diabetic RCU mice. Uen3-GFP
is reduced in disbetic mice, but not 1 controls, and Ucen3 expression returns after
remission from diabetes. All images show live (unstained) reporter fluorescence. FIG. 2E
is a bar graph demonstrating that the levels of both insulind and Ucn3 in such adherent
cultores of islets from wild-type mice were reduced to 4% and 29% of the levels in
freshly harvested islets, respectively. FIG. 2F is a bar graph showing that consistent with
the loss of the Uco3 marker, islets completely lose their ability for glucose-stimulatec
insulin secretion {GSIS). FIG. 2G shows de-differentiation and re~differentiation of RCU
islets cultured in vigro. Islets from adult RCU mice were isolated and plated on R04G
matrix for one week (left and middle panel). Note islet spreading and loss of Uen3-GFP
in the de-differentiated islets {middle panel}. After 7-days, the de-differentiated islets
were transplanted into euglycemic SCID miice for three weeks {right panel} after which
time the transplants show the return of Ucen3 expression in cells.
{00347 FIGS. 34, 3B, 3C and 3D demonstrate that TGFP pathway inhibitors and

inhibitors of Arterin signaling reverse B cell de-differentiation. FIG. 3A is g schematic

epicting islets from adult RCU mice are isolated and plated on 804G matrix for one
week in a 384-well plate format during which time the § cells de-differentiate. A
compound library 1s added on day 7, and islets are cultured for an additional week in the
presence of compounds. Each compound 15 tested in duplicates of two or three
concentrations. Fresh un-manipulated RCU islets are used as a positive control, and
DMSO- or untreated islets are used as negative controls. Isiets are fixed on day 11 for
autornated imaging and subsequent analysis. Percentages of mCherry positive cells that
co-express GFF are calculated for each well and used to identify conditions that
significantly increase the number of GFP positive cells over negative (DMSO- or non-
treated) controls. Positive hits are selected according to their statistical significance (P
value) over the negative control. FIG. 3B is a graph showing the results of a screen with
114 growth factor proteins. Factors arc ordered from left to right based on the P-value of
their Ucen3-GFP fluorescence over the negative (non-treated) control. For convenience,
values on the Y axis are presented as 1/P-value. Red bar represents the threshold for

statistical significance {P<0.001). FIG. 3C is a graph showing the results of a screen with
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19 TGFB pathway inhibitors, 18 RET/GFRa3 inhibitors and 42 known TZD drugs.
Factors are ordered from left to right based on the statistical P-value of their Uen3-GFP
fluorescence over the negative {DMSO-treated) control as above. For convenience, values
on the Y axis are presented as 1/P-value. Red bar represents the threshold for statistical
significance (P<0.001). A full list of the factors tested is presented in Tables 1A, 1B and
2. F1G. 3D is a line graph ithustrating results of a dose-response test showing that the
ctfect of AlKS inhibitor 1 on Ucen3-GFP expression in de-differentiated RCU B-cells
begins at pico-molar concentrations.

{6035] FIGS. 44, 4B and 4C demonstrate that AIkS inhibitor [ induces
expression of mature § cell franscription factors and prevents their reduction under
cytokine stress induced by Ho-1P (FIG. 4A), TNFo (FIG. 4B) and INFy (FIG. 4C). Bar
graphs show the results of quantitative real-time PCR analysis of gene expression in wikd-
type wslets treated with cytokines as shown. Each bar represents average gone expression
in three independent experiments. Expression levels are normalized to the levels of
control islets not treated with any cytokine {dashed line). Statistical significance relates to
the difference between AlkSi-treated and DMSO-treated islets for cach gene. Error bars
represent + SEM. *P<(.05; ***P<0.005. B.G. = Blood glucose level at time of sacrifice.

{0036] FIGS. 54, 5B, 5C, 5D, and 5E demonstrate that AlkS inhibitor Il induces
cxpression of mature § cell transeription factors even in B cells that were exposed to
extreme diabetic conditions for several months. FIGS. 5A, 5B, 5C and 5D are bar graphs
demonstrating that AlkS inhibitor [ (AlkS51) induces expression of specitic § cell genes in
islets from healthy and severely diabetic mice. Shown are quantitative real~time PCR
analysis of gene expression in islets of healthy control ({C57B1L/6} and diabetic mice
{(Db/Db, Ob/Cb and Akita). Each bar represents average gene expression in three
indepeundent experiments for cach group. Statistical significance relates to the difference
between AlkSi-treated and DMSO-treated isiets for each gene. Expression levels are
normalized to the levels of DMSGO-treated islets for cach gene separately. Error bars
represent = SEM, #*P<.05; ¥*¥P<0.005. B.G. = Blood glucose level at time of sacrifice.
FiG. SE is a bar graph demonstrating that AlkS inhibitor 1T {AlkS51) induces expression of
specitic B-cell transcription factors in human islets. Shown are quantitative Real-Time
PCR analyses of gene expression, Error bars represent three technical repeats on islets

from a single donor. Error bars represent £ SEM.
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DETAILED DESCRIPTION OF THE INVENTION

[0037] Work described herein demonstrates that Urocortin 3 (Ucen3), a marker for
mature P cells, is down-regulated in the early stages of T2D in in vive {e.g., in mice) and
when B cells are stressed /n vitro. Using an 1osulin expression-coupled lincage tracer, with
Uen3 as a reporter for the mature B cell state, the inventors screened for factors that
reverse B cell de-differentiation, and surprisingly found that inhibitors of TGFB receptor {
{AlkS) protect cells from the loss of key B cell transeription factors and restore mature B
cell identity, even after exposure to prolonged and severe diabetes.

100381 Detecting De-Differentiation and/or Redifferentiation of f# cells

{00397 Aspects of the disclosure relate to methods for detecting de-differentiation
and/or re-differentiation of P cells. As will be appreciated by those skilled in the art,
detecting de-~differentiation and/or re-differcntiation of § cells finds use in various
applications {e.g., diagnostic, prognostic, screening, treatmeut, etc). Examples of such
applications include, without himitation, detecting P cell de-differentiation as an early
miarker of §§ cell stress, detecting B cell de-differentistion as an early marker of digbetes

(¢.g., identifying individuals developing or at increased risk of developing diabetes),
identifying disorders associated with § cell de-differentiation, determining the efficacy of
g treatment with one or more P cell de-differentiation reversing agents {¢.¢., by assaying
for whether the one or more § cell de~-differentiation reversing agents successfully
reversed de-differentiation of B cells alone, or in combination with conventional anti-
diabetes therapy), and screening for candidate agents that are useful for reversing P cell

c-differentiation, etc.

{00407 In some aspects, the disclosure provides a method for detecting de-
differentiation of a § cell, the method comprising: a) obtaining a B cell; b} detecting the
tevel of arocortin 3 (Uen3) expression in the P cell; ¢) comparing the level of Uend
expression detected in the P cell o the level of Ucn3 expression detected in a normal
mature § cell; and d) detecting de-differentiation of the § cell, wherein de-differentiation
of the B cell is detected if the level of Uen3 expression detected in the B cell is decreased
relative to the level of Ucn3 expression detected in the normal mature § cell.

{00417 In some aspects, the disclosure provides a method for detecting re-
differentiation of a B cell, the method comprising: a} obtaining a B cell; b} detecting the
level of Ucn3 expression in the §8 cell; ¢) comparing the level of Uen3 expression detected

in the P cell to the level of Ucen3 expression detected in a normal mature B cell; and &)

SUBSTITUTE SHEET (RULE 26)



WO 2015/148980 PCT/US2015/023100

ctecting re-ditferentiation of the B cell, wherein re~-differentiation of the P ccll is detected
if the level of Ucen3 expression detected 1o the B cell is comparable to the level of Ucen3d
expression detected in the normal mature P cell.

100421 In soroe aspects, the disclosure provides a raethod for detecting de-
differentiation or re-differentiation of a f§ cell, the method comprising: a) obtaining a B
cell; by detecting the level of Ucn3 expression in the §8 cell; ¢} comparing the level of
Ucn3 expression detected in the B cell to the level of Uen3 expression detected in a
normal mature B cell; and d) detecting de-differentiation or re-differentiation of the P cell,
wherein de-differentiation of the § cell is detected if the level of Uen3 expression detected
in the B cell is decreased relative to the level of Uer3 expression detected in the norroal
mature B cell; or wherein re-differentiation of the B cell is detected if the level of Uend
expression detected in the § cell is comparable to the level of Ucn3 expression detected in
the normal roature § cell.

[0043] In some aspects, the disclosure provides a method for detecting P cell de-
differentiation as an carly marker of B cell stress, the method comprising: a) obtaining a 8
cell; b} detecting the level of urocortin 3 {(Ucn3) expression in the B cell; ¢} comparing the
level of Ucn3 expression detected in the P cell to the level of Ucn3 expression detected in
g normal mature § cell; and d) detecting P cell de-difterentiation as an early marker of B
cell stress, wherein B cell de-differentiation is detected as an carly marker of B cell stress
if the level of Ucn3 expression detected in the P cell is decreased relative to the level of
Ucen3 expression detected in the normal mature § cell.

100441 In soroe aspects, the disclosure provides a roethod for detecting P celi de~
differentiation as an early marker of diabetes, the method comprising: a) obtaining a §§
cell; by detecting the level of urocortin 3 (Ucn3) expression in the B cell; ¢) comparing the
tevel of Ucen3 expression detected in the B cell to the level of Ucn3 expression detected in
a normal mature P cell; and d) detecting § cell de-differentiation as an carly marker of
diabetes, wherein B cell de-differentiation is detected as an carly marker of diabetes if the
tevel of Ucn3 expression detected in the B cell is decreased relative to the level of Ucn3
expression detected in the normal mature §§ cell.

{00451 As used herein, the phrases “de-differentiation of a § cell” and P cell de-
differentiation” refer to the loss of a matare B cell phenotype, for example, due to
exposure of a B cell to high levels of glucose, lipids, and inflammatory cytokines, diabetes

or a pre~-diabetic condition, and/or B cell stress {e.g., oxidative stress). A B cell exhibits
3 & K
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loss of @ mature P cell phenotype and is thus undergoing de-differentiation if the B cell
exhibits a statistically significant and detectable change in any one of the following
markers of a mature §§ cell phenotype: (1} a morphology that resembles the morphology of
an endogenous roature § cell {e.g., encapsulation of crystalline msulin into secretory
aramtles); (2} an appropriate GSIS response both in vitre and in vive; (3) cytokine-
induced apoptosis in response to cytokines; {4} enhanced insulin secretion in response (o
known antidiabetic drugs {¢.g., secretagogues); {§) monochormonal {¢.g., lack of
expression of hormones other than insulin, such as glucagon, somatostatin or pancreatic
polypeptide); {6} a low rate of replication; (7} glucose stimulated calcium flux, 1.e., the
cells increase intraceliular Ca’’ in response to glucose; and (8) expression of one or more
markers characteristic of a mature B cell. In the context of B cells, the expressions “de-
differentiated” or “de-differentiating” are relative torms meaning that the degree of loss of
mature B cell phenotype may vary along a de-differentiation continuum from a fully
mature §§ cell (1.e., un-de-differentiated B cell) to a fully de-differentiated P cell (e,
cormplete loss of the mature B cell phenotype). Those skilled in the art will appreciate that
the degree of loss of mature P cell phenotype {e.g., degree of de-differentiation) in any
particular §§ cell is a function of the amount of markers of the mature P cell phenotype
which change compared to the phenotype of a normal mature P cell, as well as the
magnitude or extent to which those markers change in the de~differcntiating f cell. In
other words, a first de-differentiated [ cell is considered to be more de-differentiated than
g second de-differentiated B cell if the first B cell has undergone more changes in markers
of the mature B cell phenotype, or if the magnitude or extent to which the changes in the
first de-differentiated P cell exceeds the magnitude or extent of similar changes in the
second de-differentiated B cell. For example, if expression of 8 marker of mature § cells
{e.g., Ucn3} is decreased in both a first and second de-differentiated B cell, the first de-
differentiated B cell is considered to be more de-differentiated if the magnitude of the
decrease in expression of the marker in the first de-differentiated B cell phenotype
exceeds the magnitude of the decrease in expression of the marker in the second de-
differentiated P cell, e.g., a first B cell in which Ucn3 expression has decreased by 18 fold
is considered to be more de-differentiated than a second B cell in which Uen3 expression
has decreased by ounly 3 fold. As another example, a first B cell in which expression of
least three markers of a mature §§ cell have decreased is considered to be more de-

differentiated than a second B cell in which expression of only two of the at least three
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markers of mature § cell have decreased. In some contexts, the magnitude or extent of

e-differentiation of a § cell can be assessed by the ability of a de-differentiated P cell to
function like a normal matare § cell, i.¢., the magnitude or extent to which the de-
differentiated or de-differcutiating B cell is unable to functional like a normal roature §
cell is indicative of the magnitude or extent to which the de-differentiated or de-
differentiating B cell is de-differentiated. Using an appropriate GSIS response as an
cxarople, a first § cell exhibiting a higher stimulation index 10 a GSIS assay is considered
to be less de-differentiated than a second § cell exhibiting a lower stimmulation index in the
GGSIS assay, i.c., a lower relative stimulation index is indicative of an weakened GSIS
TESPOnse.

{00461 Asused herein, a normal mature B cell refers to a B cell which exhibits
markers of a mature § cell phenotype characteristic of endogenous mature Peells ina
healthy adalt individual {e.g., a normal mature human § cell exhibits markers of the
mature B cell phenotype characteristic of endogenous matare B cells in healthy human
adults).

100471 As used herein, the phrases “re~differentiation of a B cell” and B cell re-
differentiation” refer to the restoration of a mature B cell phenotype, for example, by
reversing de-differentiation (.., due to exposure of a B cell to high levels of glucose,
lipids, and inflammatory cytokines, diabetes or a pre-diabetic condition, and/or P cell
stress {e.g., oxidative stress}) according to a method described hercin. A B cell exhibits
restoration of a mature B cell phenotype and is thus undergoing re-ditferentiation if the
cell exhibits a statistically significant and detectable change in any one of the following
markers of a mature P cell phenotype: (1) a morphology that resembles the morphology of
an endogenous mature § cell {e.g., encapsulation of crystalline insulin into secretory
granules); (2} an appropriate GSIS response both /n vitro and in vive; (3) cytokine-
induced apoptosis in response o cytokines; (4} enhanced insulin secretion in response to
known antidiabetic drugs (e.g., secretagogues); (5} monohormonal (e.g., lack of
expression of hormones other than jnsulin, such as ghicagon, somatostatin or pancreatic
polypeptide); (6) a low rate of replication; (7} glucose stimulated calcium flux, i.e., the
cells increase intracellular Ca®' in response to ghicose; and (8) expression of one or more
markers characteristic of a mature P cell. In the context of B cells, the expressions “re-
differentiated” or “re-differentiating” are relative terms meaning that the degree of

restoration of mature P cell phenotype may vary along a re~-differentiation continuam
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from a fully de-differentiated P cell (i.c., complete loss of the mature B cell phenotypel to
a fully mature B cell (.e., un-de-differentiated B cell). Those skilled in the art will
appreciate that the degree of restoration of mature §§ cell phenotype (e.g., degree of re-
differentiation) in any particular  cell is a function of the arnount of markers of mature p
cell phenotype which changes compared to the phenotype of the de-differentiated  cell
(i.¢., the markers of mature §§ cell phenotype return to the original state of the P cel prior
to de~differentiation), as well as the maguoitude or extent to which those markers change
in the re-differentiating 8 cell. In other words, a first re-differentiated P cell is considered
to be more re-differentiated than a second re-differentiated § cell if the first B cell has
undergone more changes in markers of the mature B cell phevotype, or if the magnitude
or extent to which the changes in the first re~-differentiated B cell exceeds the magnitude
or extent of similar changes in the second re-differentiated B cell. For example, if
expression of a marker of matare P cells {e.g., Uen3} s increased in both a first and
second re-differentiated P cell, the first re~differentiated B cell 1s considered to be more

e-differentiated if the magnitude of the increase in expression of the marker in the first
re~-differentiated P cell phenotype exceeds the magunitude of the increase in expression of
the marker in the second de-differentiated P cell, e.g., a first B cell in which Ucn3
oxpression has increased by 10 fold is considered to be more re-differentiated than a
second P cell in which Ucn3 expression has increased by only 3 fold compared to the de-
differentiated P cell prior to reversing de-differentiation. As another example, a first §
cell in which expression of least five markers of a mature B cell have increased is
constdered to be more re-differentiated than a second B cell in which expression of only
three of the at least five markers of the mature §8 cell have increased. In some contexts,
the magnitade or extent of re-differentiation of a B cell can be assessed by the a‘biiity ofa
re~differentiated or re-differentiating B cell to function like a normal mature B cell,
the magnitude or extent to which the re-differentiated or re-differentiating P cell is able to
functional like 3 normal mature § cell is indicative of the magnitude or extent to which
the re-differentiated or re-differentiating P cell has re~differentiaied. Using an appropriate
GSIS response as an example, a first 8 cell exhibiting a higher stimulation index in a
(GSIS assay is considered to be more re-difterentiated than a second P cell exhibiting a
tower stimulation index in the GSIS assay.

{00481 Those skilled in the art will readily appreciate how to assess the above

histed markers of roature P cell phenotype using existing techniques, for example, a
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skitied artisan can detect whether a B cell {c.g., de-differentiated, de-differentiating, re-
differentiated, or re~-differentiating) is wonohormonal, e.g., by immunostaining the P cell
or a population of cells comprising P cells for expression of hormones such as insulin,
glucagon, sornatostatin, and pancreatic polypeptide, using autibodics specitic for those
hormongs. B cells expressing insulin and lacking expression of ghicagon, somatostatin
and pancreatic polypeptide are considered to be monohormonal and indicative of a mature
B cell phenotype.

{00497 Aspects of the disclosure involve detecting the levels of expression
products {e.g., an expression product of the Ucn3 gene, the insulin gene, and/or at least
one marker of mature P cells). Levels of expression products may be assessed using any
suttable method. Either mRNA or protein level may be measured. A “polypeptide”,
“peptide” or “protein” refers to a molocule comprising at least two covalently attached
amino acids. A polypepiide can be made up of naturally occurring armino acids and
peptide bonds and/or synthetic peptidomimetic residues and/or bonds. Polypeptides
described herein include naturally purified products, products of chemical synthetic
procedures, and products produced by recombinant techniques from a prokaryotic or
cukaryotic host, inchuding, for example, bacterial, yeast, higher plant, insect and
mammalian cells.

1005071 Excmplary roethods for measuring mRNA include hybridization based
assays, polymerase chain reaction assay, sequencing, in situ hybridization, etc.
Excmplary methods for measuring protein levels include ELISA assays, Western blot,
mass spectrometry, or immunohistochemistry. It will be understood that suttable controls
and normalization procedures can be used to accurately quantify expression. Values can
also be normalized to account for the fact that different samples may contain different
proportions of a cell type of interest, .g., mature § cells corapared to de-differentiated P
cells.

{0051} In some embodiments, detecting in b) comprises detecting the level of
Ucn3 mRNA expression or Ucn2 protein expression and/or detecting the level of insalin
mRNA expression or insulin protein expression in the B cell. Any suitable method of
detecting the level of Uen3 mRNA expression or Ucn3 protein expression and/or insulin
mRNA expression or insulin protein expression can be used.

{00521 In some embodiments, detecting in b} comprises performing an

immunostain using an antibody specific for Ucn3 protein to detect the level of Uen3
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protein expression in the § cell. In some embodiments, detecting in b} comprises
performing an immunostain using a primary antibody specific for Ucn2 protein and a
secondary antibody-fluorescent dye conjugate specific for the primary antibody to detect
the level of Ucn3 protein expression in the § cell. In some erubodiments, detecting the
level of expression of insulin protein comprises performing an immunostain using an
antibody specific for insulin protein to detect the level of insulin protein expression in the
B cell. In some embodirnents, detecting the level of expression of insulin protein
comprises performing an tmmunostain using a primary antibody specific for insulin
protein and a secondary antibody-fluorescent dye conjugate specific for the primary
antibody fo detect the lfevel of insulin protein expression in the B cell.

{00537 The disclosure contemplates the use of any antibody {e.g., primary

antibody) specific for Uen3 protein and/or insulin protein. Suitable antibodies are

@

available from commercial sources. An example of an andibody specific for Uen3 (¢.g.,
primary antibody) of use herein comprises rabbit anti-mouse Uen3 antibody
{commercially available from Phoenix Pharmaceuticals). An cxample of a secondary
antibody {e.g., antibody-fluorescent dye conjugate} specific for the primary antibody to
detect Ucn3 protein expression in the B cell comprises Alexa Floor 488 donkey anti-rabbit
antibody {comumercially available from lnvitrogen). An exemplary antibody {c.g..
primary antibody) specific for insulin protein comprises guinea pig anti-insulin antibody
{commercially available from DAKQO). An exemplary secondary antibody (e.g.,
antibody-fluorescent dye conjugate) specific for the primary antibody comprises DyLight
649 donkey anti-guinea pig antibody {commercially available fror Jackson
Immunoresearch).

{0054} The immunostains obtained can be imaged for subsequent analysis {e.g.,
for comparing expression levels of Uen3 and/or insulin protein in a B cell or de-
differentiated B cell to the expression levels of Ucn3 and/or insulin protein in the B cell or
de-differentiated B ccll. In some embodiments, the method includes imaging the
immunostain using a microscope to obtain a micrograph displayving Ucn3 protein
expressed in the B cell in a fluorescent color indicative of the level of Uen3 protein
expressed in the P cell. In some embodiments, the method includes imaging the
immunostain using a microscope to obtain a micrograph displayving insulin protein
expressed in the f§ cell in a fluorescent color indicative of the level of insulin protein

expressed in the P cell. The disclosure contemplates the use of any fluorescent colors that
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are capable of showing a contrast between expression products of interest {¢.g., Ucn3
protein and/or insulin protein} in a cell or tissue of interest {e.g., P cell, islet, pancreas,
gte). In some embodiments, the fluorescent color indicative of the level of Ucn3 protein
expressed in the B cell s green. In some embodiments, the fluorescent color indicative of
the level of Ucn3 protein expressed in the B cell is red. In some embodiments, the
fluorescent color comprises biue.

{00531 Any suaitable microcope can be used. In some embodirnents, the
microscope comprises a confocal microscope. Examples of suitable microscopes include,
without limitation, a Olympus {X51 Microscope and a Zeiss LSC 7000 confocal
microscope.

{00561 Iun some embodiments, comparing in ¢} comprises displaying a first
nyicrograph showing the results of an inununostain for Ucn3 protein in the B celi and
displaying a second micrograph showing the results of an immunostain for Uen3 protein
in the normal mature B cell. In some embodiments, the method further comprises
comparing the level of insulin expression in the B cell to the level of insulin expression in
the normal roature § cell {c.g., the level of insulin protein). In soroe embodiments,
comparing comprises displaying a first micrograph showing the results of an
immunostain for insulin protein in the B cell and displaying a second micrograph showing
the results of an iromunostain for insulin protein in the normal mature B cell. An
exemplary embodiment of comparing the level of expression of Ucn3 protein and/or fevel
of expression of insulin protein to the level of expression of Ucn3 protein and/or level of
expression of insulin protein in a B cell or de-differentiated B cell is shown in FIG. 1A,
As is shown in FIG. 1A, comparing the level of Ucn3 expression in the cell may be
performed at the same time as comparing the level of insulin expression in the cell, In
sorae embodiments, comparing in ¢} comprises displaying a first roicrograph showing the
esults of an immunostain for Uen3 protein expression in the § cell and/or de-
differentiated B cell compared to the results of an immunostains for Ucen3 protein
expression in a normal mature B cell, an displaying a second micrograph showing the
esults of an immunostains for insulin protein expression in the P cell and/or de-
differentiated P cell compared to the resulis of an immunostaing for insulin protein
expression in the P cell and/or de-differentiated B cell.

{00571 In some embodiments, measuring in b} comprises performing a

hvbridization based assay using one or more mucleic acids which hybridizes to a nucleic
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acid encoding Uen3. In some embodiments, measuring in b} comprises performing g
polymerase chain reaction based assay using a set of primers and probes specific for Uen3
cDDNA, wherein the level of Ucn3 ¢DNA detected is indicative of the level of Uen3
mRMA expressed in the B cell. In some embodiments, measuring in b) corprises: 1)
isolating total RNA comprising Ucen3 mRNA from the B cell; i1} reverse transcribing the
Ucn3 mRNA isolated in step i} to generate Ucn3 ¢DNA; and iit) performing a
quantitative real-time polymerase chaiu reaction {(gRT-PCR) assay using a set of probes
and/or primers specific for Uen3 cDNA to detect the level of Ucen3 mRNA expression in
the B cell, wherein the amount of Uen3 ¢DNA detected is indicative of the level of Ucen3
mRNA expression in the B eell. In some embodiments, the mcthod farther comprises
comparing the level of insulin expression in the § cell to the level of insulin expression in
the normal mature B cell {e.g., the level of insulin mRNA expression). In some
embodimentds, detecting the level of expression of insulin mRNA in the B cell comprises
performing a hybridization based assay using one or more nucleic acids which hybridizes
to a nucleic acid encoding insulin. In some embodiments, detecting the fevel of
expression of insulin mRNA 1o the B cell comprises perforroing a polymerase chain
reaction based assay using a set of primers and probes specific for insulin ¢DNA, wherein
the fevel of insulin ¢cDNA detected is indicative of the level of insulin mRNA in the B
cell. In some embodiments, detecting the level of expression of insulio mBNA in the
cell comprises: 1) isolating total RNA comprising insulin mRNA from the § cell; i}
reverse transcribing the insulin RNA isolated in step 1) to generate insulin ¢cDNA; and i)
performing a quantitative real-time polymerase chain reaction (QRT-PCR) assay using a
set of probes and/or primers specific for insulin ¢cDNA {o detect the level of insulin
mRNA expression in the § cell, wherein the amount of insulin cDNA detected is
indicative of the level of insulin mRNA expression in the § cell.

8058] Nucleic acid sequences encoding Ucn3 and/or insulin are available o the
skilied artisan utilizing publicly accessible databases {e.g.. NCBI GenBank). For
example, the buman Ucn3 gene{GenBank Gene [ 114131, also known as SCP, SPC,
UCKIT) encodes a 710 bp linear mRNA (GenBank Accession Number NM_053049.2.
Similarly, the human insulin (INS} gene {Gene [D: 3630, also known as [LPR, {RDN,
{DDMI1, IDDM2, and MODY 10} encodes at least three insulin isoforms including a 469
bp lincar mRNA referred to as transcript variant 1 {(GenBank Accession Number

NM_6006207.23, a 495 bp lincar mRNA referred to as transcript variant 2 (GenBank
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Accession Number NM_ 001 185097.1), and a 648 bp linear mRNA referred to as
transcript variant 3 (GenBank Accession Number NM_001185098.1). Based on the
publicly avaiiable sequence information, a skilled person can readily produce suitable
nucleic acids capable of hybridizing to any of these sequences without routine
experimentation. Similarly, suitable probes and/or primers for use in PCR based methods
of detecting Ucn3 mRNA and/or insulin mRNA expression can be designed by the skilled
artisan. An exemplary set of probes and/or primers for detecting Uen3 mRNA and/or
insulin mRNA expression in a B cell or de-differentiated P cell comprise gene-specific
TaqMan probes with TagMan® Fast Universal PCR Master Mix (Life Technologies) on
an ABI 7900 Real-Time PCR machive.

{00597 In some embodiments, comparing in ¢} comprises displaying a graph
showing the relative expression of Ucn3 mRNA in the § cell compared to the relstive
expression of Uen3 mRNA in the normal roature f cell. Tn some embodiments, the
method includes comparing the level of expression of insulin mRNA in the P cell o the
fevel ot expression of insulin mRNA in 3 normal mature B cell. In some embodiments,
comparing comprises displaying a graph showing the relative expression of insulin
mRNA in the B cell compared to the relative expression of Uen3 mRNA in the normal
mature § cell. An cxemplary embodiment of comparing in ¢} is shown in FIG. 1B, Asis
shown 1 FIG. 1B, relative mBNA expression of insulin and Ucen3 can be shown 1o a side-
by-side comparison on the same display (e.g., graph).

{0060] In some embodiments, the relative expression of insulin and/or Ucn3
mRNA detected in a sample can be compared to the relative expression of insulin and/or
Ucn3 mRNA in a non-diabetic control sample. In some embodiments, the relative
expression of insulin and/or Ucn3 mRNA detected in 3 sample can be compared to the
relative expression of insulin and/or Uen3 mRNA in a mildly diabetic control saraple. In
some embodiments, the relative expression of insulin and/or Uen3 mRNA detected in a
sample can be compared to the relative expression of insulin and/or Ucn3 mRNA ina
severely diabetic control sample.

180617 Generally, the methods described herein are capable of detecting any
amount and/or type of de-differcntiation. In some embodiments, de-differentiation
comprises an early stage of de-differentiation. As used herein, an “carly stage of de-
differentiation” comprises de-differentiation of a B cell in which Uen3 expression

decreases and insulin expression remains the same or increases. During the early stage of

SUBSTITUTE SHEET (RULE 26)



WO 2015/148980 PCT/US2015/023100

B cell de-differentiation, Ucn3 expression in a de-difterentiating P cell may decrease as
muich as 3 fold compared to the level of Ucend expression in a normal mature B celi {e.g., a
mature §§ cell obtained from a healthy control individual). In some embodiments, during
the early stage of B cell de-differcutiation, Uen3 expression (e.g., aRNA or protein} in a

e-differentiating B cell decreases by at least 5%, 10%, 15%, 20%, 25%, 30%, 35%, 40%,
509%, 55%, 6{%, 66%, or more compared to the level of Ucn3 expression in a normal
mature B cell. In some embodiments, during the early stage of B cell de-differentiation,
Ucn3 expression {e.g., mRNA or protein) in a de-differentiating P cell decreases by at
feast 1 fold, 1.1 fold, 1.2 fold, 1.3 fold, 1.4 fold, 1.5 fold, 1.6 fold, 1.7 fold, 1.8 fold, 1.9
fold, 2.0 told, 2.1 fold, 2.2 fold, 2.3 fold, 2.4 fold, 2.5 fold, 2.6 fold, 2.7 fold, 2.8 fold, or
2.9 fold compared to the level of Ucn3 expression in a normal matare B cell. In some
embodiments, levels of expression of Ucn3 mRNA and/or protein decrease to 34% of the
level of expression of Ucn3 mRNA or protein in a normal mature B cell. Tn some
embodiments, insulin expression {e.g., mRNA or protein} in a de-differentiating B cell
increases slightly compared to the levels of insulin mRNA or protein expression in a
normal mature B cell.

{00621 In some embodiments, de-differentiation comprises a late stage of de-
differentiation. As used herein, a “late stage of de-differentiation” comprises de-
differentiation of a f cell in which Ucn3 expression decreases and insulin expression
decreases. During the late stage of [ cell de-differentiation, Ucn3 expression in a de-
differentiating B cell may decrease as much as 10 fold compared to the fevel of Uen3
expression in a normal mature B cell {e.g., a mature B cell obtained from a healthy control
individaal). In some embodiments, during the late stage of § cell de-differentiation, Ucn3
expression {e.g., mRNA or protein) in a de-differentiating P cell decreases by at least 5%,
10%, 15%, 20%, 25%, 30%, 35%, 40%, 50%, 55%, 60%, 66%, 70%, 75%, 0%, 85%,

50% or more compared to the level of Ucen3 expression in a normal mature B cell. In
some embodiments, during the carly stage of § cell de-differentiation, Ucn3 expression
{e.g., mRNA or protein) in a de-differentiating B cell decreases by at lgast 1 fold, 1.3 fold,
1.5 fold, 1.7 fold, 2.0 fold, 2.3 fold, 2.6 fold, 3.0 fold, 3.4 fold, 3.6 fold, 3.9 fold, 4.1 foid,
4.5 fold, 4.8 fold, 5.2 fold, 5.4 fold, 5.8 fold, 6.1 fold, 6.3 fold, 6.4 fold, 6.6 fold, 6.9 fold,
7.1 fold, 7.5 fold, 7.8 fold, 8.2 fold, 8.4 fold, 8.8 fuld, 9.1 {old, 9.3 fold, 9.5 fold, 9.6 {old,
9.7 fold, 9.8 foid, 9.9 fold, or 1{ fold or more compared to the level of Ucn3 expression in

a normal mature B cell. During the late stage of § cell de-differentiation, insulin
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expression {¢.g., mRNA or protein) in a de-differentiating B cell may decrease as much as
3.5 fold compared {0 the level of insulin expression in a normal mature B cell {e.g., a
mature P cell obtained from a healthy control individual). In some embodiments, during
the late stage of p cell de-differentiation, insulin expression {e.g., mRNA or proteiny in a
e-differentiating B cell decreases by at least 5%, 10%, 15%, 20%, 25%, 30%, 35%, 40%,

58%, 55%, 6%, 7%, 72% or more compared to the level of insulin expression in a
normal mature B cell. In some embodiments, during the late stage of B cell de-
differentiation, insulin expression {e.g., mRNA or protein} in a de-differentiating §§ cell
decreases by at least 1 fold, 1.1 fold, 1.2 foid, 1.3 fold, 1.4 fold, 1.5 fold, 1.6 fold, 1.7
fold, 1.8 fold, 1.9 fold, 2.0 fold, 2.1 {old, 2.2 fold, 2.3 fold, 2.4 fold, 2.5 fold, 2.6 fold, 2.7
fold, 2.8 fold, 2.9 fold, 3.0 fold, 3.1 fold, 3.2 fold, 3.3 fold, or 3.4 fold compared to the
fevel ot insulin expression in a normal mature  cell. In some embodiments, levels of

expression of Uen3 mRNA or protein decrcase during the late stage of de-differcutiation
to 10% of the level of expression of Ucn3 mRNA or protein in a normal matare B cell. In
some embodiments, levels of expression of insulin mRNA or protein decrease during the
late stage of de-differentiation to 28% of the level of cxpression of insulin mRNA or
protein in a normal mature B cell.

[0063] De-differentiation may be characterized by decrcased expression of at
teast one marker of mature B cells in the de-differentiated or de-differentiating B cell
compared to the level of expression of the at least one marker of matwre fcellsina
normal mature B cell. Exemplary markers of mature B cells include, without limitation,
Fox(O1, MafA, NeuroDy, Nkx6.1, and/or Pdxl. De-differentiation includes any decrease
in expression of the at least one marker of mature §8 cells in the de-differentiated or de-
differentiating B cell relative to the level of expression of the at least one marker of
mature B cells in the normal matare B cell,

{00647 In some embodiments, the marker of mature §§ cells comprises Fox (01,
and the level of expression of FoxOl in the de-differentiated or de-differentiating cells is
decreased by at least 5%, at lcast 10%, at least 15%, at least 20%, at least 259, at lcast
30%, at least 35%, at least 409, at least 50%, at least 55%, at least 60%, at least 70%, or
more relative to the level of expression of Fox(Gl in a normal mature 8 cell. Insome
embodiments, the level of expression of FoxO1 in the de-differentiated or de-~
differentiating cells is decreased by at least 75%, at least 85%, at least 90%, at least 919,

at least 92%, at least 939, at least 94%, at least 953%, at least 96%, at least 97%, at least
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O8%, or at least 99%, relative to the level of expression of FoxOl in a normal mature §

cell. In some embodiments, the level of expression of Fox(1 in the de-differentiated or

de-differentiating cells is decreased by at 160% relative to the level of expression of

FoxO1 1n a normal mature P cell, .e., expression of FoxO1l is completely abolished 1o the
e-differentiated or de-differentiating cells.

{00651 In some embodiments, the marker of mature P cells comprises MafA, and
the level of expression of MafA in the de-differentiated or de-differentiating celis 15
decreased by at least 5%, at least 10%, at least 15%, at lcast 20%, at least 25%, at least
30%, at least 35%, at feast 40%, at least 50%, at least 55%, at least 68%, at least 70%, or
more relative to the level of expression of MafA ju a normal mature B cell. Insome
embodiments, the level of expression of MafA in the de-differentiated or de-
differentiating cells is decreased by at least 75%, at loast 85%, at least 90%, at least 91%,
at least 92%, at least 93%, at least 94%, at least 95%, at least 36%, at locast 97%, at least
GR%, or at least 99%, relative to the level of expression of MatA in a normal mature B
cell, In some embodiments, the level of expression of MafA in the de-differentiated or

e~differentiating cells 1s decreased by at 100% relative to the level of expression of
MafA in a normal mature P cell, i.¢., expression of MafA is completely abolished in the
de-differentiated or de-differentiating cells.

100661 In soroe embodiments, the marker of mature B cells comprises NeuroDd,
and the level of expression of NeuroD in the de-differentiated or de-differentiating cells is
decreased by at least 5%, at least 10%, at least 15%, at least 20%, at least 25%, at least
30%, at least 35%, at least 40%, at least 509, at least 55%, at least 60%, at least 70%, or
more refative to the level of expression of NeuroD in a normal matare §§ cell. In some
embodiments, the level of expression of NeuroD in the de-differentiated or de-
differentiating cells is decreased by at least 75%, at least 859, at least 90%, at least 91%,
at least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at least
98%, or at least 99%, relative to the level of expression of NeuroD int a normal mature §
cell. In some embodiments, the level of expression of NewroD in the de-ditferentiated or
de-differentiating cells is decreased by at 100% relative to the level of expression of
NeuroD in a normal mature B cell, i.e., expression of NeuroD is completely abolished in
the de-differentiated or de-differentiating cells.

{00671 In some embodiments, the marker of mature §§ cells comprises Nkx6.1

and the level of expression of Nkx6.1 in the de-differentiated or de-differentiating cells is
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ccreased by at feast 5%, at least 10%, at least 15%, at least 20%, at least 25%, at least
30%, at least 35%, at Jeast 409%, at least S8%, at least 55%, at least 60%, at least 70%, or
more relative to the level of expression of Nix6.1 in a8 normal mature §8 cell. In some
embodiments, the level of expression of Nkx6.1 in the de-differentiated or de-
differentiating cells is decreased by at least 75%, at least 5%, at least 90%, at least 919,
at least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at least
98%, or at least 99%, relative to the level of expression of Nkx6.1 in a vormal mature
cell. In some embodiments, the level of expression of Nkx6.1 in the de-differentiated or
de-differentiating cells is decreased by at 100% relative to the level of expression of
Nkx6.1 in a normal mature B cel, 1.¢., expression of Nkx6. lis completely abolished in the

e-differentiated or de-differentiating cells.

[0068] In some embodiments, the marker of mature B cells comprises Pdx i, and
the level of expression of Pdx1 in the de-differentiated or de-differentiating cells is
decreased by at least 5%, at least 10%, at least 15%, at lcast 20%, at least 25%, at least
30%, at lcast 35%, at least 40%, at least 50%, at least 55%, at least 60%, at least 70%, or
more relative to the fevel of expression of Pdx! 1o a normal mature P cell. In some
embodiments, the level of expression of Pdx1 in the de-differentiated or de-differentiating
cells is decreased by at least 75%, at least 85%, at least 90%, at least 91%, at least 92%, at
least 93%, at least 94%, at least 95%, at least 6%, at least 97%, at lcast 989, or at least
59%, relative to the level of expression of Pdxl in a normal mature 8 cell. In some
embodiments, the level of cxpression of Pdx1 in the de-differentiated or de-differentiating
cells is decreased by at 100% relative to the level of expression of Pdxl in a normal
mature 8 celi, Le., expression of Pdx} is completely abolished in the de-differentiated or
de-differentiating cells.

100691 In soroe embodiments, B cell de~differentiation is characterized by
decreased expression of at least two markers of mature B cells comprising FoxO1l, MafA,
MNeurch, Nkx6.1, and/or Pdx1. In some embodiments, § cell de-differentiation is
characterized by decreased expression of at least three markers of matare § cells
comprising FoxO1, MafA, Neurold, Nkx6.1, and/or Pdx1. In some embodiments, § cell
de-differentiation is characterized by decreased expression of at least four markers of
mature B cells comprising FoxO1, MafA, NeureD, Nkx6.1, and/or Pdx1. Insome
embeodiments, B cell de-differentiation is characterized by decreased expression of at least

five markers of mature P cells comprising Fox(Q1, MafA, NeuroDd, Nkx6.1, and/or Pdx1.
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Those skilled in the art will appreciate that B cell de-differentiation in certain individuals
e.g., diabetics) reduces the nomber of functionally mature B cells {e.g., decreasing the
percentage of functionally mature §§ cell mass in those individuals).

{60707 In somwe embodiments, de-differentiation is characterized by the absence
of an appropriate GSIS response in a P cell, a de-differentiated 8 cell, or a de-
differentiating B cell. Aspects of the disclosure involve assaying a f-celi (e.g., a de-
differentiating p-eell, de-ditterentiated B-cell, re-ditferentiating p-cell, or re-differentiated
B-cell, etc.) for the presence or absence of an appropriate glucose stimulated insalin
secretion {GSIS) response, for example, to determine whether a f-cell has de-
differentiated {i.c., the B-cell exhibits the absence of an appropriate GSIS response) or
whether a B-cell has re-differentiated (i.c., the B~cell exhibits the presence of an
appropriate GSIS response).

{00711 Assaying a B-cell or population of B~cells for the presence or absence of
an appropriate GSIS response comprises assaying a -cell or population of B-cells for the
presence or absence of a GSIS response at low glucose concentrations and/or for the
presence or absence of a large fold change in the GSIS response between the low and
high ghicose concentrations. Such assays are referred to as GSIS assays. Briefly, a GSIS
assay involves exposing a B-cell or population of B-cells to varying concentrations of
glucose and measuring how much tnsulin is secreted by the B~eell or population of B-cells
in response to the varying glucose concentrations.

{06072] The present disclosure contemplates the use of any method of measuring
insulin secretion available to the skilled artisan. An exemplary method of measuring
insulin secretion from isolated islets of Langerhans is deseribed by Nolan and G-Dowd
(Methods Mol Biof 560, 43-51 {2009}). Other suitable methods of measuring insulin
secretion are apparent to the skilled artisan.

180731 As noted above, the presence of a GSIS response at low glucose
concentrations is indicative of a de-differentiated B-cell or de-differentiating B-cell. As
used herein, “presence of a GSIS response at low ghicose concentrations” generally
means that a statistically measurable and relevant amount of insulin is secreted by the
cells upon exposure to low concentrations of glucose. In some embodiments, the
presence of a GSIS response at low glucose concentrations is at least a first phase of
insulin secretion in response to the fow ghicose concentration. In some embodiments, the

presence of a GSIS response at low glucose concentrations is a compleie GSIS response
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comprising a first and second phase of insulin secretion in response to the low glucose
concentration.

{60741 The absence of a GSIS response at low glucose concentrations is
indicative of a mature B-cell (i.c., a fully re-differentiated B~cell). Tn some embodiments,
the absence of a GSIS response at low ghicose concentrations is a lack of insalin
secretion in response to the low ghucose concentrations.

100751 Asused herein, a “low glucose concentration” refers to concentrations of
ghicose that are less than or equal to about 5 M, between about 2.8 mM and about 5
mM, about 2.8 mM, below 2.8 mM, about 8.5 mM. As used herein, a “high glucose
conceuntration” refers to conceuntrations of glucose that are greater than ot equal to about
10 mM, about 16.7 mM, about 20 mM or more.

[0076] In some embodiments, the presence or absence of a large fold change in
the GSIS response of a B-cell between exposure to low and high ghucose concentrations is
a marker for de-differentiation or re-differentiation of B-cells. For example, the absence of
g large fold change in the GSIS response between the low and high glucose
conceuntrations is indicative of de-differentiated or de-differentiating B-cells. In countrast,
the presence of a large fold change in the GSIS response between the low and high
glucose concentrations is indicative of mature B-cells (e.g., fully differentiated B-celis).

100771 In soroe embodiments, the large fold change 1o the GSIS response
between the low and high ghicose concentrations is at least about 2.5 fold, at least about
3.5 fold, at least about 5 fold, at least about 10 fold, at least about 15, fold, at least about
20 fold, at least about 285, at least about 28 fold, at least about 32 fold, at least about 36
fold, at least about 39 fold, at least about 41 fold, at least about 43 fold, at least about 45
fold, up to at least about 47 fold or more. In some embodiments, the large fold change in
the GSIS response between the low and high glucose concentrations is at least about 50
fold. In some embodiments, the large fold change in the GSIS response between the low
and high glucose concentrations is at about 50 fold, about 55 fold, about 60 fold, about 70
fold, or up to about 75 fold, or more.

{00781 Re-differentiation may be characterized by increased expression of at least
ong marker of mature B cells in a re-differentiated or re~differentiating B coll compared to
the level of expression of the at least one marker of mature P cells in a de-differentiated B
cell from which the re-differentiated P cell was derived, ¢.g., by reversing de-

differentiation in accordance with a method described herein. Re-differentiation includes
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any increase in expression of the at least one marker of mature § cells in the re-
differentiated or re~-differentiating P cell relative to the level of expression of the at least
one marker of mature P cells in the de-differentiated §8 cell from which the re-
differentiated B cell was derived.

{00797 In some embodiments, the marker of mature B cells comprises Fox(Ol,
and the level of expression of Fox(O1 in the re-differentiated or re-differentiating cells s
mcereased by at least 5%, at least 10%, at least 15%, at least 20%, at least 25%, at least
30%, at least 35%, at least 409, at least 50%, at least 55%, at least 60%, at least 70%, or
more relative to the level of expression of Fox(G1 in the de-differentiated § cell from
which the re~-differentiated B cell was derived. In some embodiments, the level of
expression of FoxOl in the re-differentiated or re~differentiating cells is increased by at
lcast 75%, at lcast 85%, at least 90%, at least 91%, at least 92%, at least 93%, at lcast
4%, at least 95%, at least 96%, at least 97%%, af least 98%, or at least 99%, relative to the
level of expression of FoxO1l in the de-differentiated P cell from which the re-
differentiated B cell was derived. In some embodiments, the level of expression of Fox(Ol
in the re-differentiated or re~-differentiating cells 15 jncreased by at 1.1 fold, at least 1.2
fold, at least 1.3 fold, at least 1.4 fold, at least 1.5 fold, at least 1.6 fold, at least 1.7 fold,
at least 1.8 fold, at least 1.9 fold, at least 2 fold, at least 2.5 fold, at least 3.0 fold, at lcast
3.5 fold, at least 4.0 fold, at least 4.5 fold, at least 5.0 fold, at least 5.5 fold, at least 6.0
fold, at least 6.5 fold, at least 7.0 fold, at least 7.5 fold, at least 8.0 fold, at least 8.5 foid,
at least 9.0 fold, at least 9.5 fold, or at least 10.0 fold relative to the level of expression of
FoxO1 in the de-differentiated B cell from which the re-differcotiated B cell was derived.

[8080] In some embodiments, the level of expression of FoxOl in the re-
differentiated cells or re-differentiating cells is increased to within at least 95%, at least
G(%, at least 85%, at least R(%, at least 75%, at least 70%, at least 65%, at lcast 60%, at
least 55%, at least 50%, at least 45%, or at least 43% of the level of expression of Fox Ol
ins the P cell prior to de-differentiation of the B cell. In some embodiments, the level of
expression of Fox(O1l in the re-differentiated cells or re~differentiating cells is inereased to
within at least 35%, at least 30%, at least 25%, at least 20%, at least 15%, at least 10%, at
fcast 9%, at lcast 8%, at least 7%, at least 6%, at least 5%, at least 4%, at least 3%, at least
2% or at least 1% of the level of expression of FoxO1 in the § cell prior to de-
differentiation of the § cell. In some embodiments, the fevel of expression of FoxOl in

the re-ditferentiated cells is increased to the level of expression of FoxO1 in the B cell
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prior to de-ditferentiation of the B cell, i.e., the level of FoxO1 cxpression in the P cell is
comparable to the level of Fox(O1 expression in a normal matare § cell.

{00811 In some embodiments, the marker of mature P cells comprises MafA, and
the level of expression of MafA in the re-differentiated or re-differentiating cells is
increased by at least $%, at least 10%, at least 15%, at least 20%, at least 25%, at least
3%, at least 35%, at feast 40%, at least 50%, at least 55%, at least 6%, at least 70%, or
more relative to the fevel of expression of MafA iu the de-differentiated B cell from which
the re-differentiated B cell was derived. In some embodiments, the level of expression of
MafA in the re-differentiated or re-differentiating cells is increased by at least 75%, at
teast 85%, at least 90%, af least ©19%%, at least 92%, at least 93%, at least 9496, at least
95%, at lcast 96%, at least 97%, at least 98%, or at least 99%, relative {o the level of
expression of MafA in the de-differentiated B cell from which the re-differentiated B cell
was derived. In some embodiments, the level of expression of MafA in the re-
differentiated or re~-differentiating cells is increased by at 1.1 fold, at least 1.2 fold, at
fcast 1.3 fold, at least 1.4 fold, at least 1.5 fold, at least 1.6 fold, at least 1.7 fold, at least
1.8 fold, at least 1.9 fold, at least 2 fold, at least 2.5 fold, at least 3.0 fold, at least 3.5 fold,
at least 4.0 fold, at least 4.5 fold, at least 5.0 fold, at least 5.5 {old, at feast 6.0 fold, at
feast 6.5 fold, at least 7.0 fold, at feast 7.5 fold, at least 8.0 told, at least 8.5 fold, at least
9.0 fold, at least 9.5 fold, or at least 10.0 fold relative to the level of expression of MafA
in the de-differentiated § cell from which the re-differentiated B cell was derived.

{00821 In some embodiments, the level of expression of MafA in the re-
differentiated cells or re~differentiating cells is increased to within at least 95%, at least
50%, at least 853%, at least 80%, at least 75%, at least 70%, at least 65%, at least 6%, at
feast 55%, at least S0%, at least 45%, or at least 40% of the level of expression of MafA
in the B cell prior to de-differentiation of the B cell. In some embodiments, the level of
expression of MatA in the re-differentiated cells or re-differentiating cells is increased to
within at least 35%, at least 30%, at least 25%, at least 20%, at least 15%, at least 10%, at
feast 9%, at least 8%, at least 7%, at least 6%, at least 5%, at least 4%, at least 3%, at least
2% or at least 1% of the level of expression of MafA in the § cell prior to de-
differentiation of the § cell. {n some embodiments, the level of expression of MafA in the
re~differentiated cells is inereased to the level of expression of MafA in the B cell prior to
de-differentiation of the P cell, .., the level of MatA expression in the B cell is

comparable to the level of MafA expression in g normal mature B cell.
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(00831 In some embodiments, the marker of mature B cells comprises NeuroD,
and the level of expression of NearoD in the re-differentiated or re~differentiating cells is
increased by at least 5%, at least 10%, at least 15%, at least 20%, at least 25%, at least
30%, at least 35%, at least 40%, at least 509, at least 559%, at least 60%, at least 70%, or
more relative to the level of expression of NewroD in the de-differentiated P cell from
which the re-differentiated P cell was derived. In some embodiments, the level of
expression of NeuroD in the re-differcntiated or re~differentiating cells is increased by at
least 75%, at least 85%, at teast 90%, at least 919, at least 929, at least 93%, at least
G4%, at least 95%, at least 26%, at least 97%, at least 98%, or at least 99%, relative to the
tevel of expression of Neurold in the de-differentiated P cell from which the re-
differentiated B cell was derived. In some embodiments, the level of expression of
NeuroD in the re-differentiated or re-differentiating cells is increased by at 1.1 fold, at
feast 1.2 fold, at least 1.3 fold, at least 1.4 fold, at least 1.5 fold, at least 1.6 fold, af least
1.7 fold, at least 1.8 fold, at least 1.9 fold, at least 2 fold, at least 2.5 fold, at least 3.0 fold,
at least 3.5 fold, at least 4.0 fold, at least 4.5 fold, at least 5.0 fold, at least 5.5 fold, at
teast 6.0 fold, at least 6.5 fold, at least 7.0 fold, at least 7.5 fold, at least 8.0 fold, at least
8.5 fold, at least 9.0 fold, at least 9.5 fold, or at least 10.0 fold relative to the level of
expression of NeuroD) in the de-differentiated B cell from which the re-differentiated B
cell was derived.

1808471 In some embodiments, the level of expression of NeuroD? in the re-
differentiated cells or re-differentiating celis is increased to within at least 95%, at least
G(%, at least 85%, at least R(%, at least 75%, at least 70%, at least 65%, at lcast 60%, at
Ieast 55%, at least 50%, at least 45%, or at least 40% of the level of expression of NeuroD
ins the P cell prior to de-differentiation of the B cell. In some embodiments, the level of
expression of NeuroD in the re-differcuntiated cells or re-differentiating cells is increased
to within at least 35%, at least 30%, at least 25%, at least 20%, at least 15%, at least 18%
at least 9%, at lcast 8%, at least 7%, at lcast 6%, at least 5%, at least 4%, at least 3%, at
least 2% or at least 1% of the level of expression of NeuroD in the B cell prior to de-
differentiation of the § cell. In some embodiments, the fevel of expression of NewroD in
the re-ditferentiated cells is increased to the level of expression of NeuroD in the § cell
prior to de-differentiation of the P cell, 1.e., the level of NewroDd expression in the f§ cell is

comparable to the level of NeuroD expression in a normal mature P cell
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and the level of expression of Nkx6.1 in the re~-differentiated or re-differentiating cells is
increased by at least 5%, at least 10%, at least 15%, at least 20%, at least 25%, at least
30%, at least 35%, at teast 40%, at least 509, af least 55%, at least 60%, at least 70%, or
more relative to the level of expression of Nkx6.1 in the de~-differentiated B cell from
which the re-differentiated P cell was derived. In some embodiments, the level of
expression of Nkx6.1 in the re~-differentiated or re~differentiating cells is increased by at
least 75%, at least 85%, at feast 90%, at least 919, at least 929, at least 93%, at least
949, at least 95%, at feast 96%, at least 97%, at least 98%, or at least 99%, relative to the
tevel of expression of Nkx6.1 in the de-differentiated B cell from which the re-
differentiated B cell was derived. In some embodiments, the level of expression of
Nkx6.1 in the re-differentiated or re-differentiating cells is increased by at 1.1 fold, at
teast 1.2 fold, at least 1.3 fold, at least 1.4 fold, at least 1.5 fold, at least 1.6 fold, at least
1.7 fold, at least 1.8 fold, at least 1.9 fold, at least 2 fold, at least 2.5 fold, at least 3.0 fold,
at least 3.5 fold, at least 4.0 fold, at least 4.5 fold, at least 5.0 fold, at least 5.5 fold, at
teast 6.0 fold, at least 6.5 fold, at least 7.0 fold, af least 7.5 fold, at least 8.0 fold, at least
8.5 fold, at least 9.0 fold, at least 9.5 fold, or at least 10.0 fold relative to the level of
expression of Nkx6.1 in the de-dittercntiated B cell from which the re-differentiated § cell
was derived.

18086] In some embodiments, the level of expression of Nkx6.1 in the re-
differentiated cells or re-differentiating cells is increased to within at feast 95%, at least
G(%, at least 85%, at least R(%, at least 75%, at least 70%, at least 65%, at least 60%, at
least 55%, at least 50%, at least 45%, or at least 40% of the level of expression of Nkx6.1
ins the P cell prior to de-differentiation of the B cell. In some embodiments, the level of

expression of Nkx6.1 in the re~-differentiated cells or re-differentiating cells 1s increased
to within at least 35%, at least 30%, at least 25%, at least 20%, at least 15%, at least 18%
at least 9%, at least 8%, at least 7%, at lcast 6%, at least 5%, at least 4%, at least 3%, at
least 2% or at least 1% of the level of expression of Nkx6.1 in the B cell prior to de-
differentiation of the § cell. In some embodiments, the fevel of expression of Nkx6.1 in
the re-ditferentiated cells is increased to the level of expression of Nkxo6.1 in the [ cell
prior to de-differentiation of the P cell, t.e., the level of Nkx6.1 expression in the P eell is

comparable to the level of Nlx6.1 expression in a normal mature 8 cell.
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(60871 In some embodiments, the marker of mature B colls comprises Pdxl, and
the level of expression of Pdx1 in the re-differentiated or re~differentiating cells 1s
increased by at least 5%, at least 10%, at least 15%, at least 20%, at least 25%, at least
30%, at least 35%, at least 40%, at least 509, at least 559%, at least 60%, at least 70%, or
more relative to the level of expression of Pdxl in the de-differentiated P cell from which
the re-differentiated P ceH was dertved. In some embodiments, the level of expression of
Pdx1 in the re~-differentiated or re~differentiating celis 15 increased by at least 75%, at
least 85%, at least 90%, at feast 91%, at least 929%, at least 939, at least 34%, at least
G5%, at least 96%, at least 97%, at least 98%, or at least 99%, relative to the level of
expression of Pdxl in the de-differcutiated P cell from which the re-differentiated 8 cell
was derived. In some embodiments, the level of expression of Pdxl in the re-
differentiated or re-differentiating cells is increased by at 1.1 fold, at least 1.2 fold, at
teast 1.3 fold, at least 1.4 fold, at least 1.5 fold, at least 1.6 fold, at least 1.7 fold, at least
1.8 fold, at teast 1.9 fold, at least 2 fold, at least 2.5 fold, at least 3.0 fold, at least 3.5 fold,
at least 4.0 fold, at lcast 4.5 fold, at least 5.0 fold, at least 5.5 fold, at least 6.0 fold, at
feast 6.5 fold, at least 7.0 fold, at least 7.5 fold, at least 8.0 fold, at least 8.5 fold, at least
9.0 fold, at least 9.5 fold, or at least 10.0 fold relative to the level of expression of Pdx1 in
the de-differentiated P cell from which the re-differentiated P ccll was derived.

{0088} In soroe embodiments, the level of expression of Pdx ! 1o the re-
differentiated cells or re-differentiating cells is increased to within at lgast 959%, at least
S%, at least 85%, at least 80%, at least 75%, at least 70%, at least 65%, at least 60%, at
teast 55%, at least 50%, at least 45%, or at least 40% of the level of expression of Pdx1 in
the B cell prior to de-differentiation of the P cell. In some embodiments, the level of
expression of Pdxl in the re-differentiated cells or re-differentiating cells is increased to
within at least 35%, at least 30%, at least 25%, at least 20%, at least 15%, at least 10%, at
least 9%, at least 8%, at least 7%, at least 6%, at least 5%, at least 4%, at least 3%, at least
2% or at least 1% of the level of expression of Pdx1 in the § cell prior to de-
differentiation of the B cell. In some embodiments, the level of expression of Pdx1 in the
re-differentiated cells is increased to the level of expression of Pdx1 in the 8 cell prior to
de-differentiation of the B cell, 1.2, the level of Pdx1 expression in the B cell 18
comparable to the level of Pdx1 expression in a normal matare § cell.

{80891 In some embodiments, B cell re-differentiation is characterized by

increased expression of at least two markers of mature B cells comprising FoxO1, MafA,
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NeuroD), Nkx6.1, and/or Pdx1. Insome embodiments, B cell re-differentiation is
characterized by increased expression of at least three markers of mature P cells
comprising Fox(O1, MatA, NearoD, Nkx6.1, and/or Pdx1. In some embodiments, § cell
re~-differentiation is characterized by increased expression of at least four markers of
mature f§ cells comprising FoxO1, MatA, NewroD, Nkx6. 1, and/or Pdx1. In some
embodiments, B cell re-differentiation is characterized by increased expression of at least
five markers of mature P cells comprising FoxOl, MafA, NeuroD, Nkx6.1, and/or Pdx1.
Those skilled in the art will appreciate that p cell re-differentiation in certain individuals
(e.g., diabetics) increases the number of functionally mature § cells {e.g., increasing the
ereentage of functionally mature B cell mass in those individuals).

{00907 Iu some embodiments, re~differentiation {e.g., of a de-differentiated B
cell) is characterized by the presence of an appropriate GSIS response in the § cell (ie.,
re~differentiated f cell).

{00917 Aspects of the disclosure involve obtaining a P cell or population of cells
comprising B cells. As used herein, § cell refers to an isolated P cell or isolated and/or
purified population of B cells, as well as a f cell or population of B cells in islets or
pancreata. In some embodiments the B-cell or population of B-cells are obtained from an
in vitro source. In some embodiments the in vitro source is a culture of differentiating
stem cells. In some embodiments the stem cells are selected froro the group consisting of
human embryonic stem cells (hESCs), induced pluripotent stem cells (iPSCs), blood stem
cells, and combinations thereof. In some embodiments the in vifro source is sclecied
from the group cousisting of a cell bank, cell line, cell culture, cell population, and
combinations thereof. In some embodiments the in vifre source is an ex-planted tissue or
OTgan,

100921 In soroe embodiments the B-cell is obtained from anin vive source. In
some embodiments the in vive source is an individueal who has received an administration
of B-cells. In some embodiments the in vive source is an individual suffering from a
disorder associated with de-differentiated B-cells (1.e., a B-cells de-differentiation-related
disorder). I{n some embodiments the in vive source is an individual suspected of being in
need of functionally mature B-cells.

{00931 Aspects of the disclosure involve obtaining a biological sample
comprising B cells from a subject. A biological sample used in the methods described

hercin will typically comprise or be derived from cells or tissues isolated from a subject.
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In some embodiments, biclogical sample comprises P cells in or isolated from an isletora
pancreas. In some embodiments, the biological sample comprises § cells differentiated in
vitre according to a directed differentiation protocol.

100941 Samples can be, e.g., surgical samples, tissue biopsy samples, fine needie
aspiration biopsy samples, core needle samples. The sample may be obtained using
methods known in the art. A sample can be subjected to one or more processing steps. in
somme embodiments the sample 1s frozen and/or fixed. n some erbodiments the sarople

is sectioned and/or embedded, e.g., in paraffin. In some embodiments, B cells, e.o.
2 b 2 ]

&
pancreatic P cells are separated from at least some surrounding tissue {e.g., pancreatic
tissue and/or islets of Langerhauns). Cells or tissue of inderest can he solated usiong, e.g.,
tissue microdissection, e.g., laser capture microdissection. [t should be appreciated that a
sample can be a sample isolated from any of the subjects described hercin. In some
embodiments, the sample comprises B cells obtained from a subject who has diabetes. In
some embodiments, the sample comprises B cells obtained from a subject who is at risk of
developing diabetes. In some embodiments, the sample comprises B cells obtained from a
subject who is suspected of having or developing diabefes. In some embodiments, the
sample comprises B cells obtained from a subject who is non-diabetic. In some
embodiments, the sample comprises P cells obtained from a subject who is mildly
diabetic. In soroe embaodiments, the sample coraprises B cells obtained from a subject
who is severely diabetic. In some embodiments, the sample comprises 8 cells obtained
from a subject who is suffering from metabolic syndrome.

100937 In soroe embodiments, cells of the sarople are lysed. Nucleie acids or
polypeptides may be isolated from the samples {¢.g., B cells, islets, or pancreata}. In some
embodiments DNA (e.g., cDNA), optionally isolated from a sample, is amplified. A wide
variety of methods are available for detection of DNA, e.g., Ucen3d ¢DNA reversed
transcribed from Ucn3 mRNA, insulin ¢DNA reverse transcribed from insolin mRNA, or
cDNA encoding at least one marker of mature B cells reverse transcribed from mRNA
encoding at least one marker of mature P cells. In some embodiments RNA, optionally
isolated from a sample, is reverse transcribed and/or amplified. A wide variety of
solution phase or solid phase methods are available for detection of RNA, ¢.g., Uen3
mRNA, insulin mRNA, and/or mRNA encoding at least one marker of mature § cells.
Suitable methods tnclude ¢.g., hybridization-based approaches {e.g., nuclease protection

assays, Northern blots, microarrays, in situ hybridization}, amplification-based
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approaches {e.g., reverse transcription polymerase chain reaction {which can be a real-
time PCR reaction), or sequencing {e.g., RNA-Seq, which uses high throughput
sequencing technigques to quantify RNA transcripts {see, e.g., Wang, Z., et al. Nature
Reviews Genetics 10, 57-63, 2009}). o some ernbodiments of interest a quantitative PCR
{qPCR) assay is used. Other methods inclode electrochemical detection,
bioluminescence-based methods, fluorescence-correlation spectroscopy, ete.

10096} FPreventing and/or Reversing §§ cell De-differentiarion

{00971 Aspects of the disclosure relate to preventing the de-differentiation ot a B
cell and/or reversing the de-differentiation of a  cell. As will be appreciated by those
skitled in the art, preventing and/or reversing the de-dedifferentiation of a B cell can be
pseful, e.g., for protecting B cells from P cell stress and the resulting P cell loss daring
onset of diabetes, ¢.g., for the treatment and/or prevention of disorders involving §§ cell

e~differentiation, ¢.g., diabetes, pre-diabetes, metabolic syndrome, obesity, ete.

[0098] The expressions “activate”, “inhibit”, “modulate”, "increase”, "decrease”,
“prevent”, “reverse” and “retard” in any grammatical form {(e.g., gerund) or the like , c.g.,
which denote quantitative differences hetween two states, refer to at least statistically
significant differences between the two states. For example, “reversing B cell de-
differentiation” means that the rate of de-differentiation of B cells or the fraction of de-
differentiated B cells remaining after treatment will be at least statistically significantly
different from the de-differentiated § cells in which B cell de-differentiation is not
reversed by use of a method, composition, or agent of the disclosure. As another
exarople, “preventing B cell de-~differentiation” means that the rate of de-differentiation of
{3 cells or the fraction of de-differentiated B cells remaining after treatment will be at least
statistically significantly different from the de-differentiating B cells in which § cell de-
differentiation is not prevented by use of a method, composition, or agent of the
disclosure. Such terms are applied herein to, for example, rates of cell replication, rates
of de-differentiation of B cells, rates of re-differentiation of B cell, levels of expression,
tevels of transcriptional or translational activity, and levels of enzymatic or protein
activity, cte.

[0099] In some aspects, the disclosure provides a method of preventing de-
differentiation ot a B cell, comprising contacting a § cell with an agent that inhibits

transtforming growth factor-B (TGFP) superfamily signaling.

SUBSTITUTE SHEET (RULE 26)



WO 2015/148980 PCT/US2015/023100
238

101007 Asused herein, the phrase “preventing de-differentiation” refers to
retarding the onset of P cell de~differentiation or retarding the rate of B cell de-~
differentiation in § cells {e.g., in a culture, organ, tissue, or a subject}. In some
embodimends, preventing {_’s cell de~-differcntiation comprises retarding the onset of B cell

e-differentiation in at least 1%, at least 5%, at least 1%, at least 15%, at feast 20% or at
feast 25% of the P cells in a population {e.g., culture, organ, tissue, or 8 subject) compared
to the ounset of § cell de-differcutiation in the B celis in the population {e.g., culture, organ,
tissue, or a subject) in the absence of treatment. In some embodiments, preventing P eell
de-differentiation comprises retarding the onset of 8 cell de-differentiation in at {east
30%, at least 35%, at least 40%, at least 45%, at least 50% or at least 5% ot the B cells in
a population (e.g., culture, organ, tissue, or a subject) compared to the onset of B cell de-
differentiation in the B cells in the population {e.g., culture, organ, tissue, or a subject) in
the absence of treatroent. To some embodiments, preventing B cell de-differcntiation
comprises retarding the onset of B cell de-differentiation in at least 70%, at least 75%, at
fcast 80%, at least 85%, at least 909% or at least 95% of the § cells in a population {e.g.,
culture, organ, tissue, ot a subject) compared to the ouset of B cell de-differentiation in the
{3 cells in a population (e.g., culture, organ, tissue, or a subject) in the absence of
treatment. In some embaodiments, preventing § cell de-differentiation comprises retarding
the onset of B cell de-differentiation in at least 96%, at least 97%, at least 98%, or at least
59% of the B cells in a population {e.g., culture, organ, tissue, or a subject) compared to
the onset of 8 cell de-differentiation in the B cells in the population {¢.g., culture, organ,
tissue, or a subject) in the absence of treatruent. In some embodiroents, preveuating B cell
de-differentiation comprises retarding the onset of P cell de-differentiation in all of the
cells in a population (e.g., culture, organ, tissue, or a subject) compared to the onsct of P
cell de~differentiation in the B cells inthe population {e.g., culture, organ, fissue, or a
subject} in the absence of treatment.

{0101} In some embodiments, preventing B cell de-differentiation comprises
retarding the rate, frequency, magnitude, or extent of P ccH de-differentiation by at least
1%, at least 5%, at least 10%, at least 15%, at least 20% or at least 25% in a cell, tissue,
organ, or subject compared to the rate, frequency, magnitude, or extent of § cell de-
differentiation in a celi, tissue, organ, or subject in the absence of treatment. In some
embodiments, preventing B cell de-differentiation comprises retarding the rate, frequency,

magnitude, or extent of P ¢e differentiation by at least 30%, at least 35%, at least
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40%, at least 45%, at least 50% or at least 55% in a cell, tissue, organ, or subject
compared to the rate, frequency, magnitude, or extent of B cell de-differentiation in the
cell, tissue, organ, or subject in the absence of treatment. In some embodiments,
preventing P cell de-differentiation comprises retarding the rate, frequency, maguitude, or
extent of P cell de-differentiation by at least 7(%, at least 75%, at least 80%;, at least §5%,
at least 90% or at feast 95% in a cell, tissue, organ, or subject compared {0 the rate,
frequency, magnitude, or extent of B cell de~-differentiation in the cell, tissue, organ, or
subject i the absence of treatment. In some embodiments, preventing B cell de-
differentiation comprises retarding the rate, frequency, magnitude, or extent of § cell de-
differentiation by at least 86%, at loast 97%, at lcast 98%, or at least 999 in a cell, tissue,
organ, or subject compared to the rate, frequency, magnitade, or extent of B cell de-
differentiation in the cell, tissue, organ, or subject in the absence of treatment. {n some
embodiments, preventing B cell de-differentiation coraprises retarding the rate, frequency,
magnitude, or extent of P cell de-differentiation by at least 100% 1o a cell, tissue, organ,
or subject compared to the rate, frequency, magnitude, or extent of B cell de-
differentiation in the cell, tissue, organ, or subject in the absence of treatment.

181021 In some contexts, preventing de-differentiation of the B cell causes the B
cell tor (i) increase or maintain expression levels of Ucn3; (i) increase or maintain
expression levels of at least one marker of mature § cells comprising FoxO1, MafA,
NeuroB, Nkx6.1, and Pdx1; and/or (iii} maintain an appropriate SIS response in the 8
cell.

101037 In soroe aspects, the disclosure provides a roethod of reversing de-
differentiation of a B cell, comprising contacting a de-differentiated B cell with an agent
that inhibits transforming growth factor-f (TGFB) superfamily signaling.

1010471 As used herein, the phrase “reversing de-differentiation” refers to
retarding the rate of § cell de-differentiation and/or increasing the rate of P cell re-
differentiation. In some embodiments, reversing B cell de-differentiation comprises
retarding rate, frequency, magnitade, or extent of B cell de~-differentiation by at least 1%,
at least 5%, at least 10%, at least 15%, at least 20% or at least 25% in a ccll, tissue, organ,
or subject compared to the rate, frequency, magnitude, or extent of B cell de-
differentiation in the cell, tissue, organ, or subject in the absence of treatment. In some
embodiments, reversing [ cell de-differentiation comprises retarding the rate, frequency,

magaitude, or extent of B coll de-differentiation by at least 30%, at least 35%, at least
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40%, at least 45%, at least 50% or at least 55% in a cell, tissue, organ, or subject
compared to the rate, frequency, magnitude, or extent of B cell de-differentiation in the
cell, tissue, organ, or subject in the absence of treatment. In some embodiments,

eversing the § cell de-differentiation comprises retarding the rate, frequency, magnitude,
or extent of B cell de-differentiation by at least 70%, at least 75%, at least 8%, at least
85%, at least 90% or at feast 95% in a cell, tissue, organ, or subject compared to the rate,
frequency, magnitude, or extent of P cell de~-differentiation iu the cell, tissue, organ, or
subject in the absence of treatment. 1o some embodiments, reversing §8 cell de-
differentiation comprises retarding the rate, frequency, magnitude, or extent of § cell de-
differentiation by at least 86%, at loast 97%, at lcast 98%, or at least 999 in a cell, tissue,
organ, or subject compared to the rate, frequency, magnitade, or extent of B cell de-
differentiation in the cell, tissue, organ, or subject in the absence of treatment. {n some
embodiments, reversing B cell de-differentiation comprises retarding the rate, frequency,
magnitude, or extent of B cell de-differentiation in a cell, tissue, organ, or subject by
1005 compared to the rate, frequency, magnitude, or extent of B cell de-differentiation in
the cell, tissue, organ, or subject in the absence of treatroent. In some embodirents,
reversing B cell de-differentiation comprises retarding the rate, frequency, magnitude, or
extent of B cell de-differentiation by at least 1.1 fold, at least 1.2 fold, at feast 1.3 fold, at
feast 1.4 fold, at least 1.5 fold, at least 1.6 fold, at least 1.7 fold, at least 1.8 fold, af least
1.9 fold, at least 2 fold, at least 2.5 fold, at least 3.0 fold, at least 3.5 fold, at least 4.0 fold,
at least 4.5 fold, at least 5.0 fold, at least 5.5 fold, at least 6.0 fold, at least 6.5 fold, at
feast 7.0 fold, at least 7.5 fold, at least 8.0 fold, at least 8.5 fold, at least 9.0 fold, af least
9.5 fold, or at least 1010 fold in a cell, tissue, organ, or subject compared to the rate,
frequency, magnitude, or cxtent of B cell de-differentiation in the cell, tissue, organ, or
subject in the absence of treatment.

{01057 In some embodiments, reversing [ cell de-differentiation comprises
increasing the rate, frequency, magnitude, or cxtent of B cell re-differentiation by at least
1%6, at least S%, at least 10%, at least 13%, at least 20% or at least 25% in a celi, tissue,
organ, or subject compared to the rate, frequency, magnitude, or extent of 8 cell re-
differentiation in the cell, tissue, organ, or subject in the absence of treatment. {n some
embodiments, reversing P cell de-differentiation comprises increasing the rate, frequency,
magnitude, or extent of § cell re-differentiation by at least 3%, at least 35%, at least

401%, at least 45%, at least 50% or at least 55% in a cell, tissue, organ, or subjoct
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compared to the rate, frequency, magnitude, or extent of § cell re-differentiation in the
cell, tissue, organ, or subject in the absence of treatment. In some embodiments,
reversing B cell de-differentiation comprises increasing the rate, frequency, magnitude, or
extent of B cell re~-differentiation by at least 70%, at lcast 75%, at least 80%, at least 85%,
at least 90% or at least 95% in a cell, tissue, organ, or subject compared fo the rate,
frequency, magnitade, or extent of B cell re-differentiation in the cell, tissue, organ, or
subject in the absence of freatment. In sorne embodiments, reversing P cell de-
differentiation comprises increasing the rate, frequency, magmitude, or extent of P cell re-
differentiation by at least 96%, at least 97%, at lcast 8%, or at least 99% in a cell, tissue,
organ, or subject coropared to the rate, frequency, magoitude, or extent of P cell re-
differentiation o the cell, tissue, organ, or subject in the absence of treatment. In some
embodiments, reversing P cell de-differentiation comprises increasing the rate, frequency,
magnitude, or extent of §§ cell re-differentiation in a cell, tissue, organ, or subject by 100%
compared to the rate, frequency, magnitude, or extent of B cell re-differentiation in the
cell, tissue, organ, or subject in the absence of treatment. In some embodiments,

eversing P cell de-differentiation comprises increasing the rate, frequency, magnitude, or
extent of P cell re-differentiation by at least 1.1 fold, at least 1.2 fold, at least 1.3 fold, at
fcast 1.4 fold, at least 1.5 fold, at least 1.6 fold, at least 1.7 fold, at least 1.4 fold, at least
1.6 fold, at least 2 fold, at least 2.5 fold, at least 3.0 fold, at least 3.5 fold, at least 4.0 fold,
at least 4.5 fold, at least 5.0 fold, at least 5.5 fold, at least 6.0 fold, at feast 6.5 fold, at
least 7.0 fold, at least 7.5 fold, at least 8.0 fold, at least 8.5 fold, at least 9.0 fold, at least
9.5 fold, or at least 10.0 fold in a cell, tissue, organ, or subject compared to the rate,
frequency, magnitude, or extent of B cell re-differentiation in the cell, tissue, organ, or
subject in the absence of treatment.

101061 In soroe contexts, reversing de-~differentiation of the B cell causes the B
cell to: (i) increase expression levels of Uen3; (i) increase expression levels of at least one
marker of mature § cells comprising MafA, Nkx6.1, Pdxl, NeurobD, and FoxOl; and/or
(111} exhibit an appropriate GSIS response in the B cell.

{01071 In some embodiments, the de-differentiated P cell comprises a de-
differentiated B cell in an carly stage of de-differentiation. In some embodiments, the de-
differentiated B cell in the early stage of de-differentiation exhibits at least one of (1)

decreased Uen3 expression and increased or unchanged insulin expression; (i1} decreased
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expression of at least one marker of mature § celis comprising FoxOl, MafA | NeuroD,
Niox6. 1, and Pdxl; and/or (ii1) the lack of an appropriate GSIS response.

{0108} In some embodiments, the de-differentiated § cell comprises a de-
differentiated B cell in a late stage of de~-differentiation. In some embodiments, the de-
differentiated B cell in a late stage of de-differentiation exhibits at least one of (i)
decreased Ucn3 expression and decreased insulin expression; {11} decreased expression of
at least one marker of mature B cells comprising FoxO1, MafA, NeuroD, Nkx6. 1, and
Pdx1; and/or (ii1) lack of an appropriate GSIS response.

{01097 The work described herein surprisingly and unexpectedly demonstrates
that inhibition of artenin signaling through receptor tyrosioe kinase RET and/or
GFRalpha3 {GRFal3} receptor and inhibition of AIKS signaling (¢.g., signaling through
TGEFB receptor type [ not only prevents B cell de-differentiation, for example, duc to
cell stress, but also reverses de-~differentiation of B cells even after extended exposure to
cell stress and/or diabetic conditions. Moreover, AllkS inhibition was unexpectedly
shown to exhibit such effects using only picomolar concentrations of certain inhibitors
(c.g., AIKS Tnkubitor H).

{01101 Accordingly, in some embodiments, TGFB superfamily signaling
comprises artemin signaling through receptor tyrosine kinase RET or a GFRalpha3

ceoptor {GRFu3).

{01111 Aspects of the disclosure involve the use of agents. The disclosure
contermplates the use of any agent that is suitable for g specified purpose {e.g. agents that
prevernt B cell de-differentiation {de-differentiation preventing agents), agents that reverse
{3 cell de-differentiation {de-differentiation reversing agents or re-differentiating agents),
RET inhibitors, GFRa3 inhibitors, AlkS inhibitors, anti-diabetic agents, blood glucose
towering agents, agents beneficial for f cells, test agents for preventing and/or reversing B
cell de-differentiation eic. Exemplary agents of use herein include, without Himitation,
small organic or inorganic molecules; saccharides; oligosaccharides; polysaccharides; a
biological macromolecule selected from the group consisting of peptides, proteins,
peptide analogs and derivatives; peptidomimetics; mucleic acids selected from the group
consisting of siRNAs, shRNAs, antisense RNAg, ribozymes, and aptamers; an extract
made from biological materials selected from the group consisting of bacteria, plants,

fungi, animal cells, and animal tissues; naturally occurring or synthetic compositions; and
Felal 2 2 0 o 2
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any combination thereof. The disclosure contemplates compositions and kits comprising
any agent or combination of agents described herein.

{6112] In some embodiments, the at least one agent comprises an inhibitor of
RET or an inhibitor of GFRa3.

{01131 RET (Rearranged ruing Transfection) is a transmembrane tyrosine kinase
expressad in the nervous system and neural crest-derived cells, which serves as a co-

cceptor of GDNF family neurotrophic factor 1o complex with GRFo fanuily merober

proteins. RET protein possesses an extracellular portion with four cadherin-like domains,
and a cysteine-rich region critical for intermolecular interactions, a hydrophobic
transmembrane domain, avn intracellular componeot including a juxtamembrane domain
having regulatory function, and a catalytic domain which phosphorylates tyrosine
residues of its substrates.

[0114] Excemplary inhibitors of RET include, without Hmitation, the compounds

of Formulas (1A, 1B, and 1C} as disclosed in ULS. Patent Application No. 201 1/(0201 598,

a 3 {(GFRa3} is a GPl-anchored receptor that interacts

prefercutially with GDNF family ligand Artemin, GFR alpha 3 initiates signaling in
association with the receptor tyrosine kinase RET and via RET-independent pathways.
An excmplary inhibitor of GFRa3 comprises sikRNA targeting GFRa3 (see, e.2.,
Javkowski ef al., “Enbanced Arternin/GFRalphal Levels Regulate Mechaunically
Insensitive, Heat-Sensitive C-Fiber Recruitment after Axotomy and Regeneration,” /.
Neuroscience 2010; 30(48y16272-16283);

[6116] In some embodiments, the at least one agent comprises PHA-T39358 or
an analog or derivative thereof.

{0117] In some embodiments, the at least one agent comprises VEGFR inhibitor
VY or an analog or derivative thereof.

{0118} In some embodiments, TGFB superfamily signaling comprises TGFB
signaling through a receptor serine/threonine kinase, i.¢., a TGF- signaling pathway
inhibitor.

{01197 In some embodiments, the TGF-J signaling pathway inhibitor comprises

ALKS inhibitor [ {CAS 446859-33-2, an ATP-competitive inhibitor of TGF-B Rl kinase,
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also known as RepSox, HUPAC Name: 2-{5-{6-methylpyridin-2-yi}-1 H-pyrazol-4-yi}-1,5-
naphthyridine. In some embodiments, the TGF-P signaling pathway inhibitor 1s an analog
or derivative of ALKS inhibitor 1L

101207 In soroe embodiments, the analog or derivative of ALKS inhibitor [l is a
compound of Formula { as described in U.S. Patent Publication No. 2012/0021519,
incorporated by reference herein in its entirety.

101217 In some embodiments, the TGF-f signaling pathway inhibitor is a TGF-R
receptor inhibitor described in U.S, Patent Publication No. 2010/0267731. In some
embodiments, the TGF-P signaling pathway inhibitor comprises an ALKS inhibitor
described in U.S. Patent Publication Nos. 2009/0136076 and 2007/0142376.

{01227 In some embodiments, the TGF-p signaling pathway inhibitor is A 83-01.
In some embodiments, the TGF-J signaling pathway inhibitor is not A 83-01. In some
embodiments, the compositions and methods described herein exclude A 83-01.

{01237 In some embodiments, the TGF-J signaling pathway inhibitor is SB
431542, in some embodiments, the TGF-B signaling pathway inhibitor is not SB 431542,
In some erobodiments, the compositions and roethods described herein exclude 5B
431542,

{0124} In some embodiments, the TGF-J signaling pathway inhibitor is D 4476,
In some erobodiments, the TGF-J signaling pathway inhibitor is not D 4476, o some
embeodiments, the compositions and methods described herein exclude B 4476,

{01257 In some embodiments, the TGF-J signaling pathway inhibitor is GW
788388, In soroe embodiments, the TGF- signaling pathway inhibitor is not GW
788388, In some embodiments, the compositions and methods described herein exclude
GW 788388,

101261 In soroe embodiments, the TGF-§ signaling pathway iohibitor is LY
364947, ln some embodiments, the TGF-J signaling pathway inhibitor is not LY 364947,
In some embodiments, the compositions and methods described herein exclude LY
364947,

{01271 In some embodiments, the TGF-J signaling pathway inhibitoris LY
580276, In some embodiments, the TGF-B signaling pathway inhibitor is not LY 580276,
In some embodiments, the compositions and methods described herein exclude LY

580276,
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{0128} In some embodiments, the TGF-f signaling pathway inhibitor is SB
525334, ln some embodiments, the TGF-B signaling pathway inhibitor is not SB 525334,
In some embodiments, the compositions and methods described herein exclude 5B
525334,

{01297 In some embodiments, the TGF-J signaling pathway inhibitor is SB
505124, In some embodiments, the TGF-§ signaling pathway inhibitor is not SB 505124,
In some erobodiments, the compositions and roethods described herein exclude 5B
505124,

{01307 In some embodiments, the TGF-f} signaling pathway inhibitor is SD 203.
In some erobodiments, the TGF-J signaling pathway inhibitor is not SD 208, In some
embodiments, the compositions and methods described herein exclude SD 208,

{0131} In some embodiments, the TGF-J signaling pathway inhibitor is GW
6604. In soroe embaodiments, the TGF- signaling pathway inhtbitor is not GW 6604, 1o
some embodiments, the compositions and methods deseribed herein exclude GW 6604,

{01321 In some embodiments, the TGF-J signaling pathway inhibitor is GW
788388, In soroe embodiments, the TGF- signaling pathway inhihitor is not GW
788388, In some embodiments, the compositions and methods described herein exclude
GW 788388,

{01337 From the collection of compounds described above, the following can be
obtained from various sources: LY-364947, SB-525334, SD-2(8, and SB-505124
gvailable from Sigma, P.O. Box 14508, St. Louis, Mo, 63178-9916; 616452 and 616453
available from Calbiochem (EMD Chemicals, Inc.), 480 8. Democrat Road, Gibbstown,
N.J., 08027 GWTBR3I8R and GW66(4 available from GlaxoSmithKline, 980 Great West
Road, Brentford, Middlesex, TWE 9GS, United Kingdom; LY 380276 available from
Lilly Rescarch, Indianapolis, Ind. 46285; and SM16 available frora Biogen Idec, P.O.
Box 14627, 5000 Davis Dirive, Research Triangle Park, N.C., 27709-4627.

[(134] In some embodiments, the at lcast one agent comprises AlkS inhibitor 11
or an analog or derivative thereof,

{01351 In some embodiments, the at least one agent comprises ALKS inhibitor §
or an analog or derivative thereof,

1012361 In some embodiments, the at least one agent comprises a SMAD3
inhibitor. Exemplary Smad3 inhibitors include, without limitation, antisense inhibitors of

SMAD3 expression, such as those described in U.S. Patent No. 6,013,788, modulators of
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SMAD3 expression described in ULS. Publication No. 201 1/0213011, and the Smad3
inhibitors described in Published PCT International Application Nos, WO/2001/089556
and W{/2(04/064770.

101371 Asused herein, the terro “contacting” {¢.g., contacting a p cell, de-
differentiated or de-differentiating P cell, or a re-differentiating B cell with a de-
differentiation preventing agent or re-differentiating agent) is intended to inclade
incubating the agent and the cell together in vifre {c.g., adding the de-differcntiation
preventing agent and/or re~differentiating agent to cells in culture). In some
embodiments, the term “contacting” is not intended to include the in vive exposure of
cells to the agents as disclosed herein that may oceur naturally in a subject (i.e., exposure
that may occur as a result of a natural physiological process). The step of contacting a cell
{2.2., a b cell, de-differentiated or de-ditferentiating B cell, or a re-differentisting P cell)
with an agent {e.g., de-differentiation preventing agent or re-differentiating agent) as io
the embodiments related to preventing and/or veversing B cell de-differentiation can be
conducted in any suitable manner. For example, the cells may be treated in adherent
culture, or in suspension culture. In some embodiments, the cells are treated in conditions
that promote cell clustering. 1t is understood that the cells contacted with an agent {e.g.,
de-differentiation preventing agent or re-differentiating agent) can also be simultaneously
ot subsequently coutacted with another agent, such as a growth factor or other anti-
diabetic agent or environments to stabilize the cells, or to re-differentiate the cells further.

{0138} In some embodiments, the methods of preventing and/or reversing f cell

e~-differentiation comprise detecting de-differentiation of the B cell or de~differentiated §
cell. In some embodiments, de-differentiation of the P cell or de-differentiated 8 cell is
detected (i} prior to contacting, (it} contemporancously with contacting, or {(iii) after
contacting the B cell or de-differentiated P cell with the at least one agent.

{01397 In some embodiments, contacting occurs in vitro or ex vivo,

{0140} In some embodiments, contacting occurs i vivo. In some embodiments,
the /n vive contact occurs in a subject, e.g., a subject deseribed herein. Exewmplary
subjects inchude humans and animals.

[0i41] In some embodiments, the methods of preventing and/or reversing f cell
de-differentiation comprise administering to the subject a conventional anti-diabetes
therapy. in some embodiments, methods of preventing and/or reversing B cell de-

differentiation comprise administering to the subject an anti-diabetic agent. In some
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embodimends, the methods of preventing and/or reversing B cell de-differentiation
comprise administering to the subject a blood glucose lowering agent. In some
embodiments, the methods of preventing and/or reversing § cell de-differentiation
comprise administering to the subject an agent that is beneficial to B cells.

[0142] Preventing and/or Treating f Cell De-differentiation-related Disorders

{01437 Aspects of the disclosure relate to preventing and/or treating 8 cell de-
differentiation-related disorders. As used herein, “B cell de-differentiation-related
disorder” refers to any disease, condition, or disorder caused by, associated with,
correlated to, or otherwise tnvolving B cell de-differentiation. B cell de-differentiation-
related disorders inchude any such disorder characterized by at least a statistically
significant amoant of P cell de~differentiation, e.g., loss of mature P cells {e.g., as
measured by decreased § cell mumber, function, or mass, ¢t¢}. Generally, preventing
and/or treating § cell de-differentiation-related disorders involves countacting cells with or
administering to subjects an effective amount of a § cell de-differentiation preventing
agent or B cell re-differentiating agent described hercin.

101447 Aspects of the disclosure involve contacting cells with or administering fo
subjects an effective amount an agent. As used herein, “an effective amount” refers o an
amount of the agents or the compounds mentioned, which result in successtul treatment,
e.g., preventing B cell de-differentiation, reversing B cell de-differentiation, increasing
functional B cell mass, increasing the number of functional § cells, etc., i.e., to effoctively
inhibit, treat the syndromes of a B cell de-differentiation-related disorder or retard or

everse the rate of B cell de-differcuntiation or prevent the onset of B cell de-differentiation,
for example due to P cell stress. In some embodiments, an “effective amount”™ is a “P cell
de-differentiation-preventing amount”. As used herein, “B cell de-differentiation-
preventing amount” means a sufficient amount of an agent to provide the desired  cell
de-differentiation-preventing effect. For example, in some embodiments, a “B cell de-
differentiation-preventing amount” means that dose of agent effective to retard the onset
of B cell de~differentiation or retard the rate of B cell de-~differentiation or to render the
cells less susceptible to B8 cell de-differentiation or more susceptible to an antidiabetic
therapy, ¢.g., at least one anti-diabetic agent.

{01457 In some embodiments, an “effective amount™ is a “P cell de-
differentiation-reversing amount.” As used herein, “f cell de-differentiation-reversing

amount” means a sufficient arount of an agent to provide the desired P cell de-
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ditferentiation-reversing effect. For cxample, in some embodiments, “a f cell de-
differentiation~preventing amount” means that dose of agent effective to retard or reverse
the rate of B cell de-differentiation or to render the § cells more susceptibie to B celi re-
differentiation or roore susceptible to an antidiabetic therapy, e.g., at least one anti~
diabetic agent.

{01461 In some aspects, the disclosure provides a method of preventing a B cell
e~differentiation-related disorder, the method coruprising administering to a subject in
need thereof an effective amount of a B cell de-differentiation preventing agent. In some
aspects, the disclosure provides a method of preventing a B cell de-differentiation-related

disorder, the method comprising administering to a subject in need thereof an effective
amount of an inhibitor of artersin signaling. In some aspects, the disclosure provides a
mcthod of preventing a P cel de-differentiation-related disorder, the method comprising
administering to a subject jo need thereof an effective amount of a TGFP pathway
inhibitor. In some aspects, the disclosure provides a method of preventing a B cell de-
differentiation-related disorder, the method comprising administering to a subject in need
thereof an effective amount of a composition comprising an inhibitor of arternin signaling
and a TGFP pathway inhibitor. In some aspects, the disclosure provides a method of
preventing a B cell de-differentiation-related disorder, the method comprising
administering o a subject 1o need thereof an effective amount of a composition
comprising an inhibitor of artemin signaling, a TGFB pathway inhibitor, and a anti-
diabetic agent {c.g., blood glucase lowering agent). In some aspects, the disclosure
provides a roethod of preventing a § cell de~differentiation-related disorder, the ruethod
comprising administering to a subject in need thereot an effective amount of an AIKS
inhibitor. 1n some aspects, the disclosure provides a method of preventing a P cell de-
differentiation-related disorder, the method comprising administering to a subject inneed
thereof an effective amount of AlkS inhibitor H. {n some aspects, the disclosure provides
a method of preventing a B cell de-differentiation-related disorder, the method comprising
administering to a subject in need thereof an effective amouant of PHA-739358. In some
aspects, the disclosure provides a method of preventing a 8 cell de-differentiation-related
disorder, the method comprising administering to a subject in need thereof an effective
amount of VEGFR inhibitor V. In some aspects, the disclosure provides a method of
preventing a B cell de-differentiation-related disorder, the method comprising

administering to a subject in need thereof an effective amount of a composition
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comprising AlkS inhibitor I and VEGFR inhibitor V. In some aspects, the disclosure
provides a method of preventing a B cell de-differentiation-related disorder, the method
comprising administering to a subject in need thereof an effective amount of a
composition comprising AIKS inhibitor {1 and PHA-739358. In some aspects, the
disclosure provides a method of preventing a f cell de-differentiation-related disorder, the
method comprising administering o a subject in need thereof an effective amount of a
composition comprising AIKS inhibitor 11 and AlkS inhibitor I Tn some aspects, the
disclosure provides a method of preventing a f cell de-differentiation-related disorder, the
method comprising administering o a subject in need thereof an effective amount of a
composition comprising AlKS inhibitor 11 and AlkS inhtbitor L.

{01477 In some embodiments, preventing the B cell de-differentiation-related
disorder comprises retarding the onset of B cell de-differentiation in at least 1%, at least
5%, at least 10%, at least 15%, at loast 20% or at least 25% of a subject’s B cells
compared to the onset of B cell de-differentiation in the absence of treatment. In some
embodiments, preventing the P cell de-differentiation-related disorder comprises retarding
the onset of B cell de~differentiation in at least 30%, at least 35%, at least 40%, at least
45%, at least 50% or at least 55% of a subject’s § cells compared to the onset of §§ celi de-
differentiation in the absence of treatment. In some embodiments, preventing the B cell

e~differentiation-related disorder comprises refarding the onset of B cell de-
differentiation in at least 70%, at least 75%, at least 80%, at least 85%, at least 90% or at
feast 95% of a subject’s B cells compared to the onset of § cell de-differentiation in the
absence of treatment. In some erubodiments, preventing the B cell de-differentiation-
related disorder comprises retarding the onset of f§ cell de-differentiation in at least 96%,
at least 97%, at lcast 98%, or at least 99% of a subject’s B cells compared to the onset of
cell de~differentiation in the absence of treatmuent.  In some embodiments, preventing the
{8 cell de-differentiation-related disorder comprises retarding the onset of B cell de-
differentiation all of a subject’s B celis.

{01487 In some embodiments, preventing the B cell de-differentiation-relate
disorder comprises retarding the rate, frequency, magnitude, or extent of § cell de-
differentiation by at least 1%, at least 5%, at least 10%, at least 15%, at least 20% or at
feast 25% 11 a sabject compared to the rate, frequency, magunitude, or extent of B cell de-
differentiation in the subject in the absence of treatment. [n some embodiments,

preventing the § cell de-differentiation-related disorder comprises retarding the rate,
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frequency, magnitude, or extent of B cell de-differentiation by at least 30%, at least 35%,
at least 40%, at lcast 459%, at least 50% or at least 55% in a subject compared to the rate,
frequency, magnitade, or extent of B cell de-differentiation in the subject in the absence of
treatment. Tn some embodiments, preventing the B cell de-differentiation-related disorder
comprises retarding the rate, frequency, magnitude, or extent of B cell de-differentiation
by at least 73%, at feast 75%, at lcast 8%, at least 5%, at least 90% or at least 95% in a
subject compared to the rate or frequency of § cell de~differentiation in the subject in the
absence of treatment. In some embodiments, preventing the B cell de-differentiation-~
related disorder comprises retarding the rate, frequency, magnitude, or extent of 8 cell de-
differentiation by at least 96%, at lecast 97%, at least 98%, or at least 99% in a subject
compared to the rate, frequency, magnitude, or extent of B cell de-differentiation in the
subject in the absence of treatment. In some embodiments, preventing the B cell de-
differentiation-related disorder comprises retarding the rate, frequency, magnitude, or
extent of P cell de-differentiation by at least 180% in a subject compared to the rate,
frequency, magnitude, or extent of B cell de-differentiation in the subject in the absence of
treatment, i.e., B cell de-differentiation is completely preveunted in the subject.

(01497 In some embodiments, preventing the f cell de-differentiation-related
disorder comprises ameliorating insulin resistance in the subject. in some embodiments,
preventing the B cell de-differentiation-related disorder comprises preventing onset of
diabetes. In some embodiments, preventing the B cell de-differentiation-related disorder
comprises preventing progression of diabetes. In some embodiments, preventing the B
cell de~differentiation-related disorder comprises preveunting B cell loss in diabetic
patients.

[6150] In some aspects, the disclosure provides a method of treating a § cell de-
differentiation-related disorder, the method comprising administering to a subject in need
thereof an effective amount of a f§ cell de-differentiation reversing agent. In some
aspects, the disclosure provides a method of treating a B cell de-differcntiation-related
disorder, the method comprising administering to a subject in need thereof an effective
amount of an inhibitor of artemin signaling. In some aspects, the disclosure provides a
method of treating a B cell de-differentiation-related disorder, the method comprising
administering to a subject in need thereof an effective amount of a TGFp pathway
inhibitor. {n some aspects, the disclosure provides a method of treating a P cell de-

differentiation-related disorder, the method comprising administering to a subject in need
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thereof an effective amount of a composition comprising an inhibitor of artemin signaling
and a TGFP pathway inkibitor. In some aspects, the disclosure provides a method of
treating a § cell de-differentiation-related disorder, the method comprising adminisiering
to a subject in need thereof an effective amount of a composition comprising an inhibitor
of artemin signaling, a TGFP pathway inhibitor, and a anti-diabetic agent {¢.g., blood
glucose lowering agent). In some aspects, the disclosure provides a method of treating a
B cell de-differentiation-related disorder, the method comprising administering to a
subject in need thereot an effective amount of an AlkS inhibitor. In some aspects, the
disclosure provides a method of treating a § cell de-differentiation-related disorder, the
method comprising administering to a subject 1o need thereof an effective amount of AlkS
inhibitor . In some aspects, the disclosure provides a method of treating a 8 cell de-
differentiation-related disorder, the method comprising administering to a subject in need
thereof an effective amount of PHA-739358. In some aspects, the disclosure provides a
method of treating a B cell de~-differentiation-related disorder, the method comprising
administering to a subject in need thercot an effective amount of VEGFER inhibitor V. In
sorag aspects, the disclosure provides a roethod of treating a B cell de-differentiation-
related disorder, the method comprising administering to a subject in need thereof an
effective amount of a composition comprising AlKS inhibitor {f and VEGFR inhibitor V.
In some aspects, the disclosure provides a method of treating a § cell de-differcotiation-
related disorder, the method comprising administering to a subject in need thereof an
effective amount of a composition comprising AlkS inhibitor {f and PHA-739358. In
sorag aspects, the disclosure provides a roethod of treating a B ccll de-differentiation-
related disorder, the method comprising administering to a subject in need thereof an
effective amount of a composition comprising AlKS inhibitor {f and AlkS inhibitor L. In
sorag aspects, the disclosure provides a roethod of treating a B ccll de-differentiation-
related disorder, the method comprising administering to a subject in need thereof an
effective amount of a composition comprising AlKS inhibitor {f and AlkS inhibitor L
{01517 In some embodiments, treating the B cell de-differentiation-related
disorder comprises retarding rate, frequency, magnitude, or extent of f§ cell de-
differentiation by at least 1%, at least 5%, at least 10%, at least 15%, at least 20% or at
feast 25% 1 a subject compared to the rate, frequency, magunitude, or extent of B cell de-
differentiation in the subject in the absence of treatment. [n some embodiments, treating

the B cell de-differentiation-related disorder comprises retarding the rafe, froquency,
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magnitude, or extent of § cell de-differentiation by at least 30%, at least 35%, at least
40%, at least 459%, at least 50% or at least 5% in a subject compared to the rate,
frequency, magnitade, or extent of B cell de-differentiation in the subject in the absence of
treatment. Tn some embodiments, treating the § cell de-differentiation-related disorde
comprises retarding the rate, frequency, magnitude, or extent of B cell de~-differentiation
by at least 73%, at least 75%, at lcast 8(%, at least 5%, at least 9% or at least 95% ina
subject compared to the rate, frequency, magnitude, or extent of B cell de-differentiation
in the subject in the absence of treatment. In some embodiments, treating the B cell de-
differentiation-related disorder comprises retarding the rate, frequency, magnitude, or
extent of B cell de-differcntiation by at least 96%, at least 97%, at least 98%, ot at least
59% 1 a subject compared to the rate, frequency, magnitude, or extent of B cell de-
differentiation in the subject in the absence of treatment. In some embodiments, freating
the B cell de-differentiation-related disorder comprises retarding the rate, frequency,
magnitude, or extent of P cell de-differentiation in a subject by 100% compared to the
rate, frequency, magnitude, or extent of P ccll de-differentiation in a subject in the
absence of treatment. Tn some erubodiments, treating the B cell de~differentiation-related
disorder comprises retarding the rate, frequency, magnitude, or extent of § cell de-
differentiation by at least 1.1 fold, at least 1.2 fold, at least 1.3 fold, at least 1.4 fold, at
feast 1.5 fold, at least 1.6 fold, at least 1.7 fold, at least 1.8 fold, at least 1.9 fold, at least 2
fold, at least 2.5 fold, at least 3.0 fold, at least 3.5 fold, at least 4.0 fold, at least 4.5 fold,
at least 5.0 fold, at least 5.5 fold, at least 6.0 fold, at least 6.5 fold, at least 7.0 fold, at
feast 7.5 fold, at least 8.0 fold, at least 8.5 fold, at least 9.0 fold, at least 9.5 fold, or at
least 10.0 fold in a subject compared to the rate, frequency, magnitude, or extent of P cell
de-differentiation in the subject in the absence of treatment.

101527 In soroe embodiments, treating the B cell de-differentiation-related
disorder comprises increasing the rate, frequency, magnitude, or extent of 8 cell re-
differentiation by at least 1%, at least 5%, at least 10%, at least 15%, at least 20% or at
feast 25% 11 a sabject compared to the rate, frequency, magunitude, or extent of B cell re-
differentiation in the subject in the absence of treatment. [n some embodiments, treating
the B cell de-differentiation-related disorder comprises incressing the rate, frequency,
magnitude, or extent of § cell re~differentiation by at least 30%, at least 35%;,, at least
40%, at least 45%, at least 53% or at least 55% in a subject compared to the rate,

frequency, magnitude, or extent of B cell re-ditferentiation in the subject in the absence of
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treatment. {n some embodiments, treating the P cell de-differentiation-related disorder
comprises increasing the rate, frequency, magnitude, or extent of f cell re~differentiation
by at least 73%, at least 75%, at lcast 83%, at least 5%, at least 9% or at least 5% ina
subject compared to the rate, frequency, magnitude, or extent of B cell re-differentiation
in the subject in the absence of treatment. In some embodiments, treating the B cell de-
differentiation-related disorder comprises increasing the rate, frequency, magnitude, or
extent of B cell re~-differcntiation by at least 96%, at least 97%, at least 98%, or at least
59% i a subject compared to the rate, frequency, magunitude, or extent of B cell re-
differentiation in the subject in the absence of treatment. In some embodiments, treating
the B cell de-differentiation-related disorder comprises increasing the rate, froquency,
magnitude, or extent of B cell re-differentiation in a subject by 100% compared to the
rate, frequency, magnitude, or extent of P ccll re-differentiation in a subject in the absence
of treatroent. In some embodiments, treating the B cell de-differentiation-related disorder
comprises increasing the rate, frequency, magnitude, or extent of  cell re~differentiation
by at least 1.1 fold, at least 1.2 fold, at least 1.3 fold, at least 1.4 fold, at least 1.5 fold, at
teast 1.6 fold, at least 1.7 fold, at least 1.8 fold, at least 1.9 fold, at least 2 fold, at least 2.5
fold, at least 3.0 fold, at least 3.5 fold, at least 4.0 fold, at least 4.5 fold, at least 5.0 fold,
at least 5.5 fold, at least 6.0 fold, at least 6.5 fold, at least 7.0 fold, at least 7.5 fold, at
feast R.0 fold, at least 8.5 fold, at least 9.0 fold, at least 9.5 fold, oratleast 10.0 foldina
subject compared to the rate, frequency, magnitude, or extent of B cell re-differentiation
ins the subject in the absence of treatment.

101537 In soroe embodiments, treating the B cell de-differentiation-related
disorder comprises ameliorating insulin resistance in the subject. In some embodiments,
treating the § cell de-differentiation-related disorder comprises preventing onset of
diabetes. Tn some embodiments, preventing the B cell de-differentiation-related disorder
comprises preventing progression of diabetes. In some embodiments, treating the § cell
de-differentiation-related disorder comprises preventing B cell loss in diabetic patients. In
some embodiments, treating the B cell de-differentiation-related disorder comprises
treating disbetes {e.g., pre-diabetes, type 1 diabetes, type 1.5 diabetes, type 2 diabetes).

{0154} The disclosure contemplates the use of any § cell de-differcntiation
preventing agent and/or the P cell de-differentiation reversing agent individually, or in
combination with each other or a conventional anti-diabetic therapy {¢.g., formulated as a

pharmaccutical composition), as long as the B cell de-differentiation preventing agent and
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the B cell de-differentiation reversing agent exhibit their intended cffect. o this regard,
the disclosure provides guidance for the skilled person to identify suntable such B cell de-~
differentiation preventing agents and f cell de-differentiation reversing agents, and the
methods described herein contemplate the use of those agents identified.

{01557 In some embodiments, the B cell de-ditferentiation preventing agent
and/or the § cell de-differentiation reversing agent comprise an inhibitor of TGFpB
superfamily signaling. In some embodiments, the P cell de-differentiation preventing
agent and the B cell de-differentiation reversing agent comprise a TGFP pathway
inhibitor.

101561 In soroe embodiments, the B cell de-differentiation preventing agent
and/or the P cell de~differentiation reversing agent comprise an inhibitor of artemin
signaling. In some embodiments, the P cell de-differentiation preventing agent and/or the
B cell de-differentiation reversing agent comprises an inhibitor of receptor tyrosine kinase
RET or an inhibitor of receptor GRFa3. In some embodiments, the B cell de-
differentiation preventing agent and/or the § cell de-differentiation reversing agent
comprises PHA-739358 or an analog or derivative thereof. In some embodiments, the
cell de-differentiation preventing agent and/or the P cell de-differentiation reversing agent
comprises VEGFR inhibitor V or an analog or derivative thereof.

101571 In soroe embodiments, the B cell de-differentiation preventing agent
and/or the P cell de-differentiation reversing agent comprise an inhibitor of AlkS
signaling. In some embodiments, the at least one agent comprises AlkS inhibitor If or an
analog or derivative thereof. To some embodiments, the § cell de-differentiation
preventing agent and/or the §§ cell de-differentiation reversing agent comprises ALKS
inhibitor 1 or an analog or derivative thereof. 1n some embodiments, the B cell de-
differentiation preventing agent and/or the B cell de-differentiation reversing agent
comprises a SMAD3 inhibitor or an analog or derivative thereof.

{01581 In some embodiments, the subject in need of is a subject who (i} is in need
ot additional B cell; (31) has diabetes; (311} is at risk of developing diabetes; (iv) s
developing diabetes; (v} is suspected of having or developing diabetes; {vi} is non-
diabetic; {vii} is mildly diabetic; or (viii} severely diabetic. In some embodiments, the
subject has, is developing or is at risk of developing, or is suspected of having metabolic

syndrome or obesity. In some embodiments, the § cell de-differentiation-related disorder
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is selected from the group consisting of pre-diabetes, type { diabetes, type 1l diabetes,
type 1.5 diabetes, obesity, metabolic syndrome, or hyperlipidemia.

{01597 In some embodiments, the methods include selecting a subject in need of
treatment for a B cell de-difterentiation-related disorder. For example, a subject can be
selected as a subject in need of treatment for B cell de-differentiation-related disorder if B
cell de-differentiation is detecied in the subject, e.g., in accordance with a method
described herein. To some ernbodiments, the methods inchude detecting B ecll de-
differentiation in the subject. In some embodiments, a subject can be sclected as a subject
in need of treatment for § cell de-differentiation-related disorder if the subject exhibits a
decrease 1n B cell dysfunction, rurober, or mass,

{01607 In some embodiments, the methods include administering to the subject
an effective amount of an anti-diabetic agent {c.g., a secretagogue).

{01617 B cell de-differentiation preventing ageunts and/or B cell de~-differentiation
reversing agents may be administered either as a monotherapy or as a combination
therapy with cach other and/or other pharmaceutical agents. For example, they may be
administered together with other pharmaceutical ageots suitable for the treatment or
prevention of diabetes and/or obesity and/or metabolic syndrome. In some embodiments,
a combination therapy includes co-administration of a § cell de-differentiation preventing
agent and/or a { cell de~differentiation reversing agent, and an additional agent. As used
herein, the term "co-administration” refers to administration of two or more biologically
active substances to a subject. Co~-administration can be simultaneous or sequential. The
two or more biologically active substances can be part of a single composifion or separate
compositions. In some embodiments, a combination therapy of the present invention
cormprises co-administration of a P cell de-ditferentiation preventing agent and/or a p cell

e~differentiation reversing agent with one or more blood glucose lowering agends or
agents that are beneficial to 8 cells. These agents inclhude, but are not limited to,
Metformin or other Biguanides, DPP4 inhubitors, Sulfonylureas or Metiglitinides, SGLTZ
wthibitors, Glucokinase activators, Thiazolidinediones, PPARdelta agonists, non-
activating PPARgamma modulators, Gip-1 analogs, GIP analogs, Gip-1-receptor
agonists, combined Glp-1/GIP receptor agonists, FGF21, agonistic FGFR monoclonal
antibodies, Oxyntomodulin analogs, IAPP analogs, Leptin or Leptin analogs, Adiponectin
or Adiponectin analogs, Insulin or Insulin analogs, proton pump inhibitors or gastrin

receptor agonists, Reg family proteins/Reg family protein derived peptides or alpha-
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glucosidase inhibitors. Further, they may be administered together with pharmaceutical
agents which have an immunosuppressive or immunomodulatory activity, e.g.,
antibodies, polypeptides and/or peptidic or non-peptidic low molecular weight
substances.

(0162] Identifving Candidate Agents

{01631 Aspects of the disclosure relate to identifying candidate agents for
preventing and/or reversing B cell de-differentiation. To some aspects, the disclosure
provides a method of identifying at least one candidate agent for preventing B cell de-
differentiation, comprising: a) contacting a § cell with at least one test agent under
condifions which cause p cell de-differentiation to occur; and b) assessing the level of
Uen3 expression in B cell in the presence of the at least one test agent, wherein the at least
one test agent is identified as at least one candidate agent for preventing f cell de-
differentiation if the level of Ucen3 expression in the B cell does not decrease in the
presence of the at least one test.

{01647 It is contemplated that any condition which causes § cell de-
differentiation to occur can be used in the methods of identifying candidate ageuts useful
for preventing P cell de-differentiation. In some embodiments, the conditions which
cause P cell de~differcntiation to occur comprise stress induced by a cytokine comprising
IL~1B, TNFa, [FNy, and combinations thereof. In some embodiments, the conditions
which cause B cell de-differentiation to occur comprise oxidative stress. In some
embodiments, the conditions which cause § cell de-differentiation to occur comprise
diabetic conditions. In some erobodiments, the conditions which cause B cell de-
differentiation to occur comprise high levels of glucose {e.g., hyperglycemia), and/or
fipids {c.g., hyperlipidemia}. In some embodiments, the conditions which cause P cell de-
differentiation to occur comprise insulin resistance.

{01651 In some embodiments, the methods of identifying candidate agents useful
for preventing B cell de-differentiation comprise assessing the level of expression of at
teast one marker of matare B cells. In some embodiments, the methods comprise
assessing the level of expression of at least one marker of mature B cells comprising
FoxOQ1, MafA, Nkx6.1, and/or Pdx1, wherein the at loast one test agent 1s identified as at
least one candidate agent for preventing B cell de-differentiation it the level of expression
of the at least one marker of mature  cells in the B cell does not decrease in the presence

of the at least one test agent.
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10166} In some embodiments, the methods of identifying candidate agents uscful
for preventing P celi de-differentistion comprise conducting a8 GRIS assay on the B cell.
In some embodiments, the methods comprise conducting a GSIS assay on the § cell,
wherein the at least one test agent is wdentified as at least one candidate agent for
preventing § cell de-differentiation if the B cell maintains its ability to exhibit an
appropriate GSIS response in the presence of the at least one test agent.

101671 In soroe aspects, the disclosure provides a roethod of identifying at least
one candidate agent for reversing B cell de-differentiation, comprising: a) contacting a de-
differentiated 8 cell with at least one test agent; and b) assessing the level of Ucn3
cxpression in the de~differentiated B cell in the presence and absence of the at least one
test agent, wherein the at least one test agent is identified as at least one candidate agent
for reversing P cell de-differentiation if the level of Ucen3 expression in the de-
differentiated B cell increases in the presence of the at least one test agent compared fo the
level of Ucn3 expression in the de-differentiated P cell in the absence of the at least one
test agent.

{01681 In soroe embodiments, the roethods of identifying candidate ageuts for
reversing B eell de-differentiation comprise measuring the level of expression of at least
one marker of mature P cells. In some embodiments, the methods comprise measuring
the level of expression of at least one marker of mature B cells comprising FoxO1, MafA,
NEx6.1, and Pdx1, wherein the at ieast one test agent is identified as a candidate agent for
reversing B cell de-differentiation if the level of expression of the at least one marker of
mature P cells detected in the de-differentiated B cell increases in the presence of the at
least one test agent relative the level of expression of the at least one marker of mature
cells detected in the de-differentiated P cell in the absence of the at least one test agent.

101697 In soroe embodiments, the methods of identifying candidate ageuts for
reversing B eell de-differentiation comprise conducting a GSIS assay on the de-
differentiated P coll. In some embodiments, the methods comprise conducting a GSIS
assay on the de-differentiated P cell, wherein the at least one test agent is identified as a
candidate agent for reversing 8 cell de-differentiation if the de-differentiated P cell gains
the ability to exhibit an appropriate GSIS response after exposure to the at least one test
agent,

{81707 The disclosure contemplates the use of a de-differentiated B cell which

has been de-differentiated according to any suitable method. In some embodiments, the
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de-differentiated § cell comprises a § cell de-differentiated by culturing in adherent
conditions. In some embodiments, the de-differentiated B cell comprises B cells de-
differentiated by culturing islets in adherent conditions. In some embodiments, the de-
differentiated B cell is obtained directly from a subject, ¢.¢., a subject described herein,
e.g., a diabetic subject.

{6171} In some embodiments, the disclosure provides a method of identifying at
least one candidate agent for reversing P cell de-ditferentiation, comprising: a) contacting
a 3 cell with at least one test agent; and b) assessing the ability of the at least one test
agent to inhibit AlkS signaling, wherein at least one test agent that demonstrates the
ability to inhibit AlkS signaling comprises at least one candidate agent for reversing f cell

e-differentiation.

{01721 A varicty of assays for assessing the ability of a test agent to inhibit AlkS
signaling arc known in the art. Exemplary such assays include the ALKS Enzyme Assay
i, ALKS Enzyme Assay 2, and Cell Assay as deseribed in Pablished PCT International
Application WO/2009/022171. Briefly, the ALKS Enzyme Assay | measures the ability
of a corapound to hind to and inhibit the activity of a tagged (¢.g., 6His) recombinant
ALKS protein in vigre. Similarly, the ALKS Enzyme Assay 2 measures the ability of a
compound to bind an dinhibit ALKS by its capacity to displace a probe molecule from

ccornbinant ALKS 1o an in vitro assay, using a probe molecule derivatized with a
fluorescent probe or probe molecule that is fluorescent itself. Binding affinity can be
mcasured using Fluorescence Polarization. The exemplary Cell Assay relies on ligand
mediated transtocation of R-Smads (Smads 1,2,3,5,8), which arc a well-documented
phenomenon in a variety of eell types. (Derynck, R. and Zhang, Y., 2003, Nature, 425,
577-584, Shi, Y. and Massague, J., 2003, Cell, 113, 685-700). Specifically TGFBI and
TGFR3 cause phosphorylation and ruclear translocation of Smad?2 and Smad3
transcription factors. Thus compound inhibition of TGFBsignaling can be estimated by
mcasuring cellular distribution of Smad2 or 3 under activated TGFPpathway. The Smad?
Redistribution™ Assay (Fisher Biolmage ApS) can be used to assess in vitro cellnlar
activity of agenis of interest. IC50 values for test agents when tested in one or more of the
above assays are expected to be typically less than 10pM.

{01721 In some embodiments, the wethods of identifying candidates for reversing
{3 cell de-differentiation comprise assessing the ability of the at least one candidate agent

to reverse B cell de-differcntiation, wherein assessing the sbility of the at lcast one
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candidate agent to reverse B cell de-differentiation comprises: a) contacting a de-
differentiated B cell with the at least one candidate agent; and b) detecting the level of
Ucn3 expression in the de-differentiated B cell, wherein at least one candidate agent
demonstrates the ability to reverse B cell de-differcntiation if the level of Ucn3 expression
detected in the de-differentiated B cell increases in the presence of the at least one
candidate agent relative the level of Ucn3 expression detected in the de-differentiated
cell in the absence of the at least one candidate agent.

{01747 In some embodiments, the methods of identifyving candidate agents for
reversing B cell de-differentiation comprise measuring the level of expression of at least
one marker of mature P cells comprising FoxO1, MafA, Nkx6.1, and Pdxi, wherein the at
least one candidate agent demonstrates the ability to reverse B cell de-differentiation if the
fevel ot expression of the at [east one marker of mature B cells detected in the de-
differentiated B cell increases in the presence of the at least one candidate agent relative
the level of expression of the at least one marker of matare B cells detected in the de-
differentiated B cell in the absence of the at least one candidate agent.

101737 In soroe embodiments, the rocthods of identifying candidate ageuts for
reversing B eell de-differentiation comprise conducting a GSIS assay on the de-
differentiated B cell, wherein the at least one candidate agent demonstrates the ability to

everse P coll de-differentiation if the de-differentiated P cell gains the ability to exhibit
an appropriate GSIS response after exposure to the at least one candidate agent.

101761 One skilled in the art readily appreciates that the present invention is well
adapted to carry out the objects and obtain the ends and advantages mentioned, as well as
those inherent therein. The detsils of the description and the examples herein are

epresentative of certain embodiments, are exemplary, and are not intended as himitations
on the scope of the invention. Modifications therein and other uses will occur to those
skilied in the art. These modifications arc encompassed within the spirit of the invention.
It will be readily apparent to a person skilled in the art that varying substitutions and
modifications may be made to the invention disclosed herein without departing from the
scope and spirit of the invention.

1801771 The articles “2” and “an” as used herein in the specification and in the
claims, unless clearly indicated to the contrary, should be understood to include the phiral

referents. Claims or descriptions that include “or” betwecen one or more members of g
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group are considered satisfied if one, more than one, or all of the group members are
present in, employved in, or otherwise relevant to a given product or process unless
indicated to the contrary or otherwise evident from the context. The invention inclhudes
embodimends in which exactly oune mernber of the group is present in, employed in, or
otherwise relevant to a given product or process. The invention also inclades
embodiments in which more than one, or all of the group members are present in,
emploved in, or otherwise relevant to a given product or process. Furthermore, it is to be
pnderstood that the invention provides all variations, combinations, and permutations in
which one or more limitations, clements, clauses, descriptive terms, etc., from one or
more of the listed clairus is 1ntroduced into another clairn dependent on the same base
claim {or, as relevant, any other claim) unless otherwise indicated or unless it would be
evident to one of ordinary skill in the art that a contradiction or inconsistency would arise.
It 1s contemplated that all embodiments described herein are applicable to all different
aspects of the invention where appropriate. It is also contemplated that any of the
embodiments or aspects can be freely combined with one or more other such
embodimends or aspects whenever appropriate. Where elements are presented as ists,
e.g., in Markush group or similar format, it is to be understood that each subgroup of the
elements is also disclosed, and any element{s} can be removed trom the group. {t should

¢ understood that, in general, where the invention, or aspects of the invention, 1s/are
referred to as comprising particular clements, features, etc., certain embodiments of the
invention or aspects of the invention consist, or consist essentially of, such clements,
features, ete. For purposes of simplicity those embodiments have not in every case been
specifically set forth in so many words herein. It should also be understood that any
embodiment or aspect of the invention can be explicitly excluded from the claims,
regardiess of whether the specific exclusion is recited in the specification. For example,
any one or more micleic acids, polypeptides, ceils, species or types of organism,
disorders, subjects, or combinations thereof, can be excluded.

{01781 Where the claims or description relate to a composition of matter, e.g., a
nucleic acid, polypeptide, cell, or non-human transgenic animal, it is to be vnderstood that
mcthods of making or using the composition of matter according to any of the methods
disclosed herein, and methods of using the composition of matter for any of the purposes
disclosed herein are aspects of the invention, unless otherwise indicated or unless it would

be evident to one of ordinary skill in the art that a contradiction or inconsistency would
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arise. Where the claims or description relate to a method, e.g., it is to be understood that
methods of making compositions useful for performing the method, and products
produced according to the method, are aspects of the invention, unless otherwise
indicated or unless it would be evident to one of ordinary skill in the art that a
contradiction or inconsistency would arise.

{6179] Where ranges are given herein, the invention includes embodiments in
which the endpoinds are included, embodiments in which both endpoints are excluded,
and embodiments in which one endpoint 1s included and the other is excluded. It should
be assumed that both endpoints are included unless indicated otherwise. Furthermore, it
is to be understood that unless otherwise indicated or otherwise evident from the context
and vnderstanding of one of ordinary skill in the art, values that are expressed as ranges
can assume any specific value or subrange within the stated ranges in different
embodiments of the invention, to the tenth of the unit of the lower limit of the range,
onless the context clearly dictates otherwise. It is also understood that where a series of
numerical values is stated herein, the invention includes embodiments that relate
analogously to any intervening value or range defined by any two values in the series, and
that the lowest value may be taken as a minimum and the greatest value may be taken as a
maximum. Numerical values, as used herein, include values expressed as percentages.
For any embodiment of the invention in which a ruroerical value is prefaced by “about”
or “approximately”, the invention includes an embodiment in which the exact value is
recited. For any embodiment of the invention in which a numerical value is not prefaced
by “about” or “approximately”, the invention includes an embodiment in which the value
is prefaced by “about” or “approximately”. “Approximately™ or “about” generally
includes numbers that fall within a range of 1% or in some embodiments within a range
of 5% of a number or in some embodiments within a range of 10% of a nurober in cither
direction {greater than or less than the number} unless otherwise stated or otherwise
evident from the context {except where such number would impermussibly exceed 100%
ot a possible vahie). It should be wnderstood that, unless clearly indicated to the contrary,
in any methods claimed herein that include more than one act, the order of the acts of the
mcthod is not necessarily limited to the order in which the acts of the method are recited,
but the invention inchudes embodiments in which the order is so limited. It should also be
understood that unless otherwise indicated or evident from the context, any product or

cormposition described herein may be considered “isolated”.
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[0180] EXAMPLES

{01817 Example 1 Reversal of B cell de-differentiation by a small molecule
inhibitor of the TGFP pathway

{6182 Introduciion

{01837 The gene Urocortin 3 (Uen3} is a marker for functionally mature B cells,
cells capable of glucose stimulated insulin secretion (Bham et al., 2012). Ucn2 expression
appears relatively late in posinatal mouse development and its expression levels correlates
with functional B cell maturation in roice, and with the maturation of human pluripotent
stern cell-derived B-cells after transplantation (Bhim et al., 2012; Hua et al., 2013; van der
Meulen et al., 2012). The inventors hypothesized that Ucn3 expression may be lost or
reduced early during P cell de-differentiation 10 T2D and if so, could be used to
investigate the first steps of stress-induced B cell de-differentiation.

[0184] Results

[0185] Loss of Ucn3 expression is an early event in fi cell de-differentiation in
diabetes

{0126} Ucn3 and insulin expression inn B cells of T2D mice was examined by
immunostaining on pancreata of obese diabetic {Ob/0Ob and Db/Db) roice and compared
to pancreata of age matched non-diabetic {C57BL/6) mice. The intensity of insalin
staining in diabetic mice is indistinguishable from non-diabetic contrals, but the
immunoreactivity of Uen3 is almost completely abolished in islets of diabetic mice {(FIG.
1A}, The disappearance of Ucn3 protein from [ cells that still express high levels of
insulin suggests that the loss Ucn3 is an carly marker of B-cell stress in disbetes,
occurring before reduction in insulin expression (Guo et al., 2013; Talchai et al., 2012).

{01871 Insulin expression has been previously reported to be diminished in B
celis of severely diabetic mice, those with blood ghicose levels execeding 500mg/dl (Guo
et al., 2013). To confirm that loss of Ucn3 is an carly marker of diabetes, the inventors
divided diabetic mice {Ob/Ob, Db/Dib and Akita) into groups of mildly diabetic (blood
glucose levels betweaen 200-500myg/dL) and severely diabetic (blood ghicose levels
>500mg/dly and compared the expression of insalinl and Uen3 mRNA to age-matched
non-diabetic controls (C57BL/6, blood glucose fevels <203mg/dL}. The average {(non-

fasting) blood ghucose level was 38141 8mg/dL in mildly diabetic mice, S88+:8mg/dL in

SUBSTITUTE SHEET (RULE 26)



WO 2015/148980 PCT/US2015/023100

-63-

the severely diabetic mice, and 167+5mg/dl in the non-diabetic conirol mice. The
expression level of insulinl mRNA was slightly, bot not significantly, higher in islets of
mildly diabetic mice as compared to non-diabetic controls, but was reduced to 28% of
control fevels in islets of the severely diabetic group (P<0.001). In contrast to the late
reduction in insulin expression, the levels of Uen3 mRNA in the mildly diabetic group
were already reduced 3 fold, to 34% of the level in the healthy control group (P<0.001},
and by 10 fold, to approximately 10% of the control levels, in the severely diabetic group
{P<0.001) (FIG. 1B). We conclude that Joss of Uen3 mRNA is an carly event in B cell de-
differentiation.

[0188] Using Ucn3 as a marker for the mature fi cell siate reveals reversibility of
B cell de-differentiation

{0189} Because Ucen3 expression is reduced carly during P cell de-differentiation,
its expression could be used to test whether P-cells at carly or late stages of de-
differentiation are able to regain a fully mature state. The hypothesis is that while late-
stage de-differentiated P cells {negative for both insulin and Ucn3) may not be able to re-
differentiate into fully mature P cells, cells at an earlier stage (negative for Uen3, but still
expressing insulin) may be able to recover from their de-differentiation if the stress
inducing factor (i.¢. the diabetes} is removed.

{01907 To test this hypothesis, the inventors induced transient insulin resistance
in healthy, lean wild-type mice with the insulin-receptor antagonist 8961 {Vikram and
Jena, 2010; Yiet al, 2013). Mice treated with 5961 develop acute insulin resistance and
severe diabetes within one week, with non-fasting glucose levels of 2500mg/dL. Removal
of 5961 relieves the diabetes, and the mice restore their glucose control within one week.

{0191} Mice treated with S961 for one week have a nearly two-fold increase in
insulin mRNA expression {indicating that they are compensating for the jnsulin resistance
by over-producing insulin}, and about a twofold decrease in Ucen3 mRNA expression
(FIG. 1), We induced transient hyperglycemia in wild type mice with 8961 for one
week; control animals were similarly treated with PBS. At the end of the first week, half
of the animals were sacrificed for analysis, and half were taken off S961 treatment and
allowed to recover from diabetes for another week by which time their blood glucose
tevels returned to normal (<200mg/dL). Immumostaining of pancreata from all groups
shows the levels of Ucn3 and insulin proteins (FIG. 2A). As expected, animals treated

with 8961 developed diabetes (reaching blood glucose levels >460mg/dL) and show an
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increase in insulin, while Ucn3 staining was almost completely abolished. In the disbetic
amimals that recovered and showed normoglycemia following withdrawal of 5961 for one
week, there was a complete recovery of Uen3 staining, with a staining intensity
comparable to that of the PBS-treated controls (FIG. 2A).

{01927 The inventors next tested whether more severely de-differentiated B cells
can also return to a8 mature state after removal of the de-differentiation inducing stress, {t
has previously been reported that substantial B cell de-differentiation occurs when islets
are cultured in vitro on an adherent substrate (Gershengorn et al., 2004; Negi et al., 2012;
Russ et al., 2008; Weinberg ot al., 2007). Cells de-differentiated using this method can be
analyzed for the loss of their functional character, and can be transplanted back into non-
diabetic mice to test their differentiation state after being returned to a healthy
environment (Bar-Nur et ai,, 2011; Bar et al,, 2012).

101931 In order to follow de-differentiated P cells, even after they cease to
express insulin, the inventors developed a lincage tracing system that marks cells that
have cxpressed insulin {transcribed the insulin gene) in the past. Insulin2-Cre transgenic
mice were crossed with mice carrying a floxed reporter of histone H2B fused to mCherry
{R26H2BCCherry}, such that cells that had expressed insulin are marked with nuclear
mherry. These mice also comtained a transgene driving cytoplasmic EGFP protein under
the control of the Ucen3 promoter (FIG. 2B). The consequence of this genctic system 15
that cells with nuclear mCherry have, at some time, transcribed the insulin gene, but need
not be actively producing insulin protein, and the (reversible)} expression of cytoplasmic
GFP indicates whether the B-cell is fully mature (GFP positive) or de-differentiated (GFP
negative}. The inventors labeled this genetic system “RCU”, for R26H2BmCherry; Ins2-
Cre; Uen3-GFP (FIG. 2B).

101947 Triple hernizygous RCU progeny are healthy and cuglycemic (data not
shown). The frequency of cytoplasmic Ucn3-derived GFP staining in all Ins2-Cre derived
H2BCherry labeled cells was determined by FACS to be 57+16% in both male and
female mige, between one month to four months of age (data not shown). Confocal
imaging of triple hemizygous progeny B cells from RCU mice show red muclear
fluorescence in § cells that is easily distinguished from the cytoplasmic green
fluorescence emitted by the Uen3-GFP reporter (FIG. 2C),

181957 T2D-like symptoms were induced in RCU mice using the insulin

antagonist S961 as described above. Uen3-GFP levels are down-regulated in diabetic

SUBSTITUTE SHEET (RULE 26)



WO 2015/148980 PCT/US2015/023100

mice, treated with 8961 for 6 days, but not in PBS-infused controls (FIG, 2C, left and
middle panels). After removal of S961, the expression level of Uen3-GFP was up-
regulated, returning to levels comparable to control animals (FIG. 2C, right panel},
corresponding to the rermssion of hyperglycemia (FIG. 2C, right panel). These data show
that loss of Ucnd expression is not permanent and that P cells can return to a mature
Ucn3-positive state after a 7 day period of hypergiveemia.

{01961 When RCU islets are plated on an adherent matrix and cultured for 7
days, the islets flatten, cells spread out, and B cells lose Uen3-GFP expression (FIG. 20,

-

feft and middle pancls). The levels of both insulinl and Ucn3 in such adherent cultures of
islets from wild-type mice were reduced to 4% and 29% of the levels 1o freshly harvestex
islets, respectively (FI1G. 2E). Consistent with the loss of the Ucen3 marker, these islets
completely lose their ability for glucose-stimulated insulin secretion {GSIS, FIG. 2F).
Moaost notably, the B celis re-express Ucen3~GFP three weeks after transplantation into the
kidney capsule of euglvcemic SCID muce (FIG. 2D, right panel}. These data suggest that
the B cell de-differentiation caused by culturing cells ex vivo on adherent culture is
eversible.

[0197] Screen using de-differentiated RCU islets identifies roles for TGFS
pathway inhibitors and Artemin signaling in reversing f cell de-differentiation

{0198} The reversion of de-differentiated P cells to a roature state afier
transplantation to a healthy in vive environment prompted us to look for factors that can
recapitulate this phenomenon, as these factors could be candidates for drug development
aimed at reversing B cell de-differentiation in T2D. The inventors used the RCU platform
to screen an array of 114 growth factors representing most major signaling pathways
{Tables 1A and 1B). The experimental design, outlined in FI1G. 3A, employs healthy islets
from adult RCU mice, isolated on day 1 and plated on an adherent matrix in a 384~well
plate format. The islets were first cultured for one week to achieve adequate de-
differentiation {see FIGS. 2D and 2E). Test compounds were then added on day 7 for
another week. Each compound was tested in duplicate at two or three concentrations
{listed in Tables 1A, 1B and 2). Fresh un-manipulated RCU islets were used as a positive
control, and DMSO- or non-treated cultures were used as a negative control, The islets
were fixed on day 11 for automated imaging and subsequent analysis. Percentages of
mCherry positive cells that co-express GFP were calculated for each well and used to

identify conditions that significantly increased the number of GFF positive cells over
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egative {DMSO- or non-treated) controls (FIG. 3A). Positive hits were selected
according to their statistical significance (P value) over the negative control. Of the 114
tested factors, three growth factors restored Uen3-GEP expression with a high statistical
signtficance (P<0.01, FIG. 3B). These factors are BMP9, sohuble TGFR receptor 3 (TGEP
sRI, also known as Pglycan), and the GDNF-family member Artemin,

{01991 Both BMP9Y and TGFP sRU signal through receptors of the TGFB
receptor family (David et al., 2007; Massague and Chen, 2000), whereas Arternin sigoals
through RET and GFRa3 receptors (Airaksinen and Saarma, 20023, To delve deeper into
the effects of BMP9, TGF sRI and Artemin on B-celi re-differentiation, a second
screen was performed using a hbrary of 19 small molecule kinase inhibitors of TGFR
signaling and 18 small molecules inhibitors of RET/GFRa3 signaling (FIG. 3C and Table
23, In addition, we included a library of 42 known drugs for T2D (FI1G. 3C and Table 2).

102001 Among the 19 small molecules fested in the TGFp receptor inhibitors
aroup, AlkS inhibitor I, AlkS inhibitor H and a SMAD?3 inhibitor, restored Uen3-GFP
expression in de~differentiated B-celis (P>0.01; FIG. 2C). Of the 18 RET/GFRa3
inhibitors two molecules with relatively low specificity to the RET kinase, namely PHA-
739358 and VEGFR inhibitor V, indaced Un3-GEP in the cells with P-values below (.81,
and of the 42 known T2D drugs, only the two potassium-channels blockers, Repaglinide
and Tolbutamide, gave marginal results, AlkS inhibitor 1 showed the strongest effect
among all molecules tested, both on the levels of Ucn3-GFP and by its reproducibility (as
measured by its statistical P value over DMSO treated controls). A dose-response test
showed that its effect on Ucn3-GFP expression in de-differentiated RCU B-cells begins at
pico-molar concentrations {FI1G. 3D).

{02017 A5 inhibitor 11 up reguiates expression of § cell transcription factors
and prevenis theiv loss under cyiokine stress

162021 It has recently been shown that under diabetes-related siress, the
expression and activity of key B-cell transcription factors, including MafA, Nkx6.1 and
Pdx1, are compromised {Guo et al., 2013). We tested whether the most potent small
molecule, AlkS5 inhibitor I, is capable of preventing the down regulation in expression of
these transcription factors. Islets harvested from lean, non-diabetic mice, wore exposed to
a diabetes-related cytokine challenge for 24 hours, with or without the presence of AlkS
inhibitor i, and the expression of several f§ cell genes was measured by gRT-PCR and

compared to islets not treated with cytokines {(FIG. 4},
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102037 Islets exposed to 10ng/mi of either [L-1P, TNFg or [FNy showed reduced
expression of Uen3, MafA, Nkx6.1 and Pdx1 mRNAs, whereas expression of nsulini
and FoxO1l was less affected (FIG. 4). Addition of 1uM AlkS inhibitor U with any of the
cytokines prevented the diminution of expression levels for Ucen3, MatA, Nkx6.1 and
Pdx1. In fact, the expression levels of the latter three genes remained at levels comparable
to, and in some cases higher than, that found in control islets {those not exposed to
cytokines) (F1G. 4).

102047 AJLS inhibitor I can restore expression of fi-cell transcription factors
even in f celly that were exposed o extreme diabetic conditions for several months

{02037 The inventors explored whether AlKS inhibitor 1 could restore the
expression levels of specific 8 cell genes in B cells from severely diabetic mice, B cells
that were exposed to an extreme diabetic environment for several months, To answer this
question, we performed gene-expression analyses on islets from lean non-diabetic
C57BL/6 mice and from mice with advanced to severe diabetes (Db/Db, Ob/Ob and
Akita; blood glucose levels of 406x3%mg/dL, 527+248mg/dL and >600mg/dL,
respectively). The islets isolated from these diabetic animals, and controls, were cultured
in vitro for 24 hours with or without AlkS inhibitor I {(FIG. 5}. Culturing control healthy
islets for 24 hours with AlkS inhibitor I results ina 1.5-2.5 fold higher expression of
Uend, Mafa, Nkx6.1, Pdxt and FoxG1 compared to DMSO treated controls (FIG. 5A).
The inventors also observed an vnexplained 2 fold decrease in insulind expression (FIG.
53. Similarly, islets from mice with advanced diabetes (FIG. 5B), and islets from mice
with severe diabetes (FIGS. 5C and 5D) responded to the AIKS inhibitor 1. The increase
in Ucn3, Nkx6.1 and Pdx1 gene expression caused by AlkS inhibitor {1 in severely
diabetic mice was 1.5-2.5 fold, similar to the cttect on non-diabetic islets. The induction
of MafA expression by AlkS inhibitor I in the severely diabetic islets increased to 5-6
fold over DMSO-treated controls (FIGS. 5C and 5D). This may reflect the early role of
MafA disappearance in B cell stress (Guo et al., 2013}, The work described herein
demonstrates that AlkS inhibitor If can induce mature gene expression in P cells that have
been exposed to extreme diabetic conditions for several months. The inventors also tested
whether the AlkS inhibitor Il is effective in restoring specific B cell gene expression in
human islets. Privnary human islets were treated with AlkS inhibitor H for 24 hours, and

subjected to gene transcript analyses (FIG. SE}. Similar to resulis with mouse islets,
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human islets treated with AlkS inhibitor {1 show an increase in mRNA expression for
Insulin, MafA, Nkx6.1 and Pdx1 mRNAs, but not for FoxO1 (FIG. 5E).

[0206] Discussion

102071 The resporse of P cells to the progression of T2D begins with an adaptive
stage, in which the cells compensate for insulin resistance by over-production and over-
secretion of insulin, as well as increasing B cell replication {Guo et al., 20813; Weir and
Bonuer-Weir, 2004; Yi et al., 2013). This adaptation is reversible, as can be seen when -
cell function returns with the remission from T2D after bariatric surgery {(Bradiey et al.,
20123, However, if the metabolic stross persisis, B cells swrrender to the metabolic
overload and de-differentiation occurs. This de-differentiation begins with translocation
of the transcription factor FoxO1 to the micleus, and continues with an inactivation of B
cell-specific transcription factors including MafA, Nkx6.1 and Pdx1 and consequently, a

cduction in jnsulin production and secrction. All together, these changes result in the
escalation of the disease and eventually to a non-recoverable 1oss of a functionally mature
B cell mass (Guo et al,, 2013; Talchai et al., 2012; Weir and Bonner-Weir, 2004),

{02087 The results described herein put the loss of Ucen3 expression as an carly
event in P cell stress, occurring at the compensation stage, before reduction in insulin
expression and deterioration to frank diabetes. Ucn3 protein and mRNA were
dramatically down regulated cven in mildly diabetic mice, some of which had blood
ghucose levels that were just slightly above normal. This is further demonstrated by the
foss of Ucn3 in 8961 -treated miice, exposed to insulin resistance and hyperglycemia for
ouly a week. In severcly diabetic mice, we observed a dramatic reduction in insulin
expression indicative of advanced P cell de-differentiation and the expression of Ucn3
mRNA was almost completely abolished. Ut is noteworthy, that loss of expression of
Uen3 per se is not a driver of diabetes, but is rather ¢aused by it, as mice homozygous for
a Ucn3-null allele are not diabetic, and even show slightly better glucose tolerance under
high-fat feeding and aging (L1 ¢t al., 2007}

{02097 To utilize the finding that Ucen3 is an carly marker of B cell de-
differentiation, we developed tripie-transgenic mice, in which a sensitive Ucn3-reguiated
GFP reporter is combined with B-cell lineage tracing. This genetic system allows one to
trace P cells even after profound de-differentiation. Using this system, we show that B cell
de-differentiation can be reversed after one week of 5961 treatment in vive or after one

week of adherent culture i virro. A screen for pathways that can rescue B cells from de-
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ditferentiation identified three growth factors that restored Uen3-GFP expression, namely
BMPY, TGFR sRIT and Artemin, all belonging to the TGFP superfamily. Of those, only
BMPS had previously been identified as having an active role in glucose homeostasis
{Chen et al., 2003). The gene encoding TGFP receptor I has been shown to be up
regulated in pancreata from obese lniman patients compared to lean subjects (Muharram
et al., 2005), while Artemin and its receptor GFRa3 have, to the best of our knowledge,
not been deseribed in pancreatic islet function

{02107 Tests on small molecule mediators of BMP/TGFEFB and Arternin signaling
identified AlkS inhibitor i as a potent compound able to restore mature B-cell identity
even in islets from severely diabetic mice. This intubitor also blocked the loss of specific
B cell gene expression under cytokine-indaced stress. AlS inhibitor H, which we
identified using mouse P cells, can induce the cxpression of key B ccll transcription
factors in human islets, While hurnan UCN3 1s a marker of the functional rmaturation for
both B and a cells {van der Meulen et al,, 2012), and despite evidence that UCN3 is nota
faithful marker for functional B-cell maturation in human islets during buman pancreas
development (Hrvatin ct al., 2014), the signals that reverse B cell de-differentiation (i.e.
inhibition of Alk5 signaling} may be conserved between mouse and human.

{0211} AllS inhibitor U has been previcusly identitied by Rezania and collcagues
in an jndependent screen airoed at inducing functionally mature endocrine cells from
human embryonic stem cells {Rezania et al., 2011}, Ichida and colleagues showed that
this inhibitor can replace Sox2 in cell reprogramming (Ichids et al., 2009). Interestingly,
it was recently reported that § cells of mice carrying a conditional deletion of both AlKS
{referred to as TGFB receptor 1) and TGFR receptor 1 do not proliferate in response to
inflammatory cytokines {Xiao ctal., 2013}, The results described herein demonstrate that
AlkS inhibitor I restores specific P-cell gene expression in de-differentiated B cells,
blocks cytokine-induced § cell stress, and stimmulates over-expression of these genes in
cells from healthy, non-diabetic mice and humans, Taken together, these results suggest
that AlkS signaling may be constitutively active in  cells, that sustaining mature P-cell
phenotype depends on constant inhibition of this signal, and that the inhibition of AlkS
signaling may confer is effect by inducing expression of § cell transcription factors
including MafA, Niow6. 1 and Pdx 1. This postulated inhibition of AlkS signaling in mature
{3 cells develops during the first postnatal weeks, when the cells reach their fully mature

state (Blum et al., 2012), and is reduced under diabetic stress or when the celis are taken
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out of their niche and grown in vitro, If inhibition of AlkS signaling is not restored, the §
cells will evidently de-differentiate and disappear. The work described herein indicates
that screening for compounds that inhibit AlkS signaling specifically in § cells may yield
compounds that, in combination with traditional blood-ghucose lowering medicines, will
delay, prevent or even restore the loss of healthy, mature B cell fanction in T2 patients.

{02127 Experimental Procedures

102137 Animalis

{02147 Animal experiments were performed in compliance with the Harvard
Untversity International Animal Care and Use Committee (IACUC) guidelines. Mouse
strains used were C37BL/6, Ob/Ob (Zhang et al., 1994}, Db/Db (Chen ¢t al., 1996},
InsulinZ Akita {Wang et al., 1999}, Insulin2-Cre transgenic mice (Postic et al., 1999},
Uen3-GFP transgenic mice {Gong ot al., 2003}, SCID-beige mice, RZ6H2ZBCherry mice
and RCU mice. R2Z6H2BCherry mice {carrying a floxed nuclear-iabeling reporier
composed of histone H2B fused mCherry) were generated by genetic targeting of the
Rosa26 locus of V6.5 mouse ES celis with the construct Rosa26-Puro-p (A}CAGS-lox-
PGK neo-p {A)-lox-H2BCherry-p (A). Targeted ES cells were injected into BDFIsB6
blastocysts, and germline transmission was detected through breeding of chimeras with
C57BL/6 females. To generate RCU miice, mice homozygous for both R26HZBCCherry
and Ucn3-GFP were crossed with horoozygous Insulin2-Cre roice. Al RCU progeny are
triple hemizygous at all three alleles. Induction of transient insulin resistance by 5961 was
done with an osmotic pump as previously described (Vi et al., 2013). Blood ghucose
tevels were measured in non-fasted anirnals using OueTouch Ultra2 glucometer
{LifeScan). For islet isolation, adult pancreata were perfused through the common bile
duct with 0.8mM Collagenase P {Roche) and fetal and neonatal pancreata were dissected
wholly without perfusion. Pancreata were digested with 0.8mM Collagenase P {Roche)
and purified by centrifugation in Histopaque gradient {Sigma).

{0213 Immunostaining

{02167 Pancreata were fixed by immersion in 4% paraformaldehyde overnight at
4 °C. Samples were washed with PBS, incubated in 30% sucrose solution overnight and
embedded with optimal cutting temperature compound {Tissue-Tek). 10um sections were
blocked with 10% donkey serum (Jackson Immunoresearch) in PBS/6.1% Triton X and
incubated with primary antibodies overnight at 4°C. Secondary antibodiss were incubated

for 1hr at roorn temperature, Antibodies and dilutions used include rabbit anti-mouse
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Uen3 (1:600-1:800, Phoenix Pharmaceuticals), Guinca Pig anti-insulin {1:800, DAKO),
Alexa Fluor 488 donkey anti-rabbit (1:400, Invitrogen} and DyLight 649 donkey anti-
guinea pig {1:400, Jackson Immmnoresearch). Nuclei were visualized with DAPL Images
were taken using an Olyropus IX51 Microscope or Zeiss LSC 700 confocal microscope.
{02177 Awtomated screen
{6218] Islets from adult RCU mice were isolated and plated on 804G matrix

{Lefebvre et al,, 1998) for one week in a 384-well plate forroat. Compound libraries were
added on day 7, and islets were caltured for an additional week in the presence of
compounds. Each compound was tested in duplicates of two or three concentrations. A
tist of all compounds and concentrations appears in Tables 1A, 1B and 2. Fresh un-
manipulated RCU islets were used as a positive control, and DMSO- or untreated islets
were used as g negative control. The islets were fixed on day 11 for automated image
acquisition and analysis using a Cellomies ArrayScanVTL Cell ruclel of target cells were
identified by nuclear mCherry expression and a 2 pixel cytoplasmic mask was drawn
around each mucleus. The GFP tluorescence in the cytoplasmic mask of freshly isolated
islets was used as a control to identify fluorescence intensity thresholds that enabled
automated calls on each individual cell. Cells that displayed GFF fluorescence equal or
greater than found in control cells were identified as being positive for the Uen3-GFP

eporter. Percentages of mCherry positive cells that co-express GFP were calculated for
cach well and used to identify conditions that significantly increased the number of GFP
posttive cells over negative controls, Positive hits are selected according to their statistical

signtficance (P value by tiest) over the negative control,

(02191 Table 1A: Growth Factors, Set#l
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[0221] Table 2: Focused Small Molecules Screen
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10222 Quantitative real-time PCR and cyiokine treatment

{02231 Total RNA from fresh or cytokine treated whole islets was isolated using
RNeasy Plus Mini Kit (Qiagen). cDNA was prepared with random primers using
SuperSeript HI reverse transcriptase (Life Technologies). For eytokine treatment, isolated
islets were recovered overnight in isiet media (DMEM containing 1gv/L ghacose, 16% v/v
FBS, 6.1% v/v Penicillin/Streptomyein}, followed by 24 hours incubation with 10ng/ml
of either mouse IL-10, mouase TNFa or mouse INFy (R&D Systems), with the addition of
AlkS ishibitor I (1uM, Axxora) or vehicle {BMSO) at the same dilution. Relative
expression of Ucen3, Inst, Nikx6.1, Pdx i and FoxOl were determined using gene-specific
TagMan probes with TagMan® Fast Universal PCR Master Mix (Life Technologies) on
an ABI 7900 Real-Time PCR machine. Relative expression of mouse MafA was
determined using Brilliant HI Ultra-Fast SYBR® Green QPCR Master Mix {Agilent) on
the same machine. Primers for mouse MafA were ST-AGCGGCACATTCTGGAGAG-Y
(SEQ [ NO: 1} forward and 5"-TTGTACAGGTCCCGCTCOTT-3 (SEQ 1D NG: 2)

everse. Levels of gene expression were normalized to the expression of Ube or Ei2A
2enes.

102241 Human Isiets

102237 Human islets were obtained from NDRI (The National Discase Research
Interchange) and were grown in CMRL 1866 Supplemental medium (Mediatech), 10%
v/v HyClone FBS {Thermo Scientific), 1% v/v Penicillin/Streptomyein (Corning Cellgro)

for 4 days before treatment for 24h with AIkS wnhibitor 11 {Axxora).
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-#1-
CLAIMS
What is claimed is:
1. A method for detecting de-differentiation or re-differentiation of a f cell, the
method comprising;
a) obtaining a B cell;
b} detecting the level of urocortin 3 (Ucn3) expression in the B cell;
¢} comparing the level of Ucn3 expression detected in the B cell to the level of Uen3

expression defected in a normal mature B cell;
d} detecting de-differentiation or re-differentiation of the B cell,
wherein de-differentiation of the P cell is detected if the level of Ucn3 expression
ctected in the B cell is decreased relative to the level of Ucen3 expression detected in the
normal mature B cell; or
wherein re-differentiation of the B cell is detected if the level of Uen3 expression
detected in the B cell 1s comparable to the level of Uen3 expression detected in the normal

mature §§ cell.

2. The method of claim 1, wherein detecting in by comyprises detecting the level of

Uen3 mRNA expression or Ucn3 protein expression.

3. The method of claums | or 2, wherein detecting in b} comyprises performing an
immunostain using an antibody specific for Uend protein to detect the level of Ucn3

protein expression in the § cell

4, The method of any one of claims 1 to 3, wherein detecting in b) comprises
performing an immunostain using a primary antibody specific for Uen3 protein and a
secondary antibody-fluorescent dye conjugate specific for the primary antibody to detect

the level of Ucn3 protein expression in the P cell.

5. The method of claims 3 or 4, further comprising imaging the immunostain using g
microscope to obtain a micrograph displaying Ucn3 protein expressed inthe Beell in a

fluorescent color indicative of the level of Uen3 protein exprossed in the B cell
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6. The method of any one of claims 1 to 5, wherein comparing in ¢} comprises
displaying a first micrograph showing the vesults of an immunostain for Ucn3 protein in
the B cell and displaying a second micrograph showing the resuits of an immunostain for

Ucun3 protein in the normal mature f cell

7. The method of any one of claims 1 to 6, whercin measuring in b) comprises
performing a hybridization based assay using one or more nucleic acids which hybridizes

to a mucleic acid encoding Ucn3.

8. The method of any one of claims 1 to 7, wherein measuring in b} comprises
performing a polymerase chain reaction based assay using a set of primers and probes
specific for Uen3 ¢DNA, wherein the level of Ucn3 ¢cDNA detected is indicative of the

level of Ucn3 mRNA expressed in the B cell,

G, The method of any one of claims | to &, wherein measuring in b) comprises:

i} isolating total RNA comprising Uen3 mRNA from the f cell;

1) reverse transcribing the Uend mRNA solated in step 1) to generate Uen3 ¢DNA;
and

it} performing a quantitative real~time polymerase chain reaction {(qRT-PCR) assay

using a set of probes and/or privers specific for Ucn3 ¢DNA to detect the level of Ucn3
mRNA expression in the B cell, wherein the amount of Ucn3 ¢cDNA detected is indicative

of the level of Ucn3 mRNA expression in the P cell.

14, The method of any one of ¢laims 7 to 9, wherein comparing in ¢} comprises
displaying a graph showing the relative expression of Ucn3 mRNA in the P celi compared

to the relative expression of Uen3 mRNA in the normal mature B cell.

1L The method of any one of claims 1 to 10, further comprising detecting the level of

insulin expression in the f cell.

12. The method of claim 11, wherein detecting comprises detecting the level of

expression of insulin mRNA or protein.
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13. The method of claim 11 or 12, wherein detecting the level of expression of insulin
protein comprises performing an immunostain using an antibody specific for insulin

protein to detect the level of insulin protein expression in the P cell.

14, The method of any one of claims 11 to 13, wherein detecting the level of
expression of insulin protein comprises performing an immunostain using a primary
antibody specific for insulin protein and a secondary antibody-fluorescent dye conjugate
specific for the primary antibody to detect the level of insalin protein expression in the B

cell.

15. The method of claims 13 or 14, further comprising imaging the immunostain
using a microscope to obtain a micrograph displaving insulin protein expressed in the

cell in a fluorescent color indicative of the level of insulin protein expressed in the § cell

16, The method of any one of claims 13 to 15, further comprising comparing the level
of insulin expression in the B cell to the level of insulin expression in the normal mature §

cell.

17. The method of claim 16, wherein comparing comprises displaying a first
micrograph showing the results of an imyounostain for insulin protein in the B cell and
displaying a second micrograph showing the results of an imminostain for insulin protein

in the normal mature f§ cell.

1R The method of any one of claims 11 to 17, wherein detecting the level of
expression of insulin mRNA in the P cell comprises performing a hybridization based
assay using one or more nucleic acids which hybridizes to a nucleic acid encoding

insulin.

19. The method of any one of claims 11 to 18, wherein detecting the level of
expression of insulin mRNA 1o the P cell comprises performing a polymerase chain
reaction based assay using a set of primers and probes specific for insulin ¢DNA, wherein
the fevel of insulin cDNA detected is indicative of the level of insulin mRNA inthe B

cell.
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20. The method of any one of claims 11 to 19, wherein detecting the level of

expression of insulin mRNA in the B cell comprises:

V) isolating total RNA comprising insulin mRNA from the J cell;

v} reverse transcribing the insulin RNA isolated in step 1) to generate insulin ¢cDNA;
and

Vi) performing a quantitative real-time polymerase chain reaction {(qRT-PCR} assay

using a set of probes and/or privners specific for insulin ¢DNA to detect the level of
insulin mRNA expression 1o the P cell, wherein the amount of insulin ¢DNA detected is

indicative of the level of insulin mRNA expression in the §§ cell.

21 The method of any one of claims IR to 24, finther comprising comparing the level
of expression of insulin mRNA in the P cell to the level of expression of insulin mRNA in

a normal mature B cell.

22, The method of claim 21, wherein comparing comprises displaying a graph
showing the relative expression of iosulin mRNA in the B cell compared to the relative

expression of Uen3 mRNA in the normal mature B cell.

23. The method of any one of claims 1 to 22, wherein de-differentiation comprises an
carly stage of de-differentiation in which Ucn3 expression decreases and insulin

expression remains the same or increases.

24, The method of any one of claim 1 to 22, wherein de-difterentiation comprises a
late stage of de-differentiation in which Ucn3 expression decreases and insulin expression

decreases.

25, The method of any one of claims 1 to 24, wherein de-differentiation is
characterized by decreased expression of at least one marker of mature § cells comprising

FoxO1, MafA, NeuroD, Nkx6.1, and Pdx 1.

26. The method of any one of claims | to 25, wherein re-differentiation is
characterized by increased expression of at least one marker of mature B cells comprising

Fox (1, MafA, NeuroD, Nkx6.1, and Pdx1.
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27. The method of any one of claim | to 26, wherein de-differentiation is
characterized by the absence of an appropriate glucose stimilated insulin secretion

{GSIS) response in the B cell.

28. The method of any one of claims 1 to 26, wherein re-differentiation is

characterized by the presence of an appropriate GSIS response in the § cell

29. The method of any one of claims | to 28, wherein the B cell obtained in a)
comprises (1} a § cell in or isolated from an islet or a pancreas; or {ii} a § cell

ditterentiated in vitro.

30. The method of any one of claims 1 to 29, wherein the P cell is obtained from a
subject who is (i} has diabetes; (i) is at risk of developing diabetes; (iit) is developing

diabetes; or (iv) is suspected of having or developing diabetes.

-

3L The method of any one of claim 1 to 30, wherein the B cell obtained from a

subject who 15 (3) non-diabetic; (i1) mildly diabetic, or (i1} severcly diabetic.

3Z. A method of preventing de-differentiation of a §§ cell, comprising contacting a 8
cell with an agent that inhibits transforming growth factor-p (TGFB) superfamily

signaling,.

33, The method of claim 32, wherein preventing de-differentiation of the 8 cell causes
the B cell to: () increase or maintain expression levels of Uen3; (i) increase or maintain
expression levels of at least one marker of mature § cells comprising Fox (01, MafA,
NeuroDd, Nkx6.1, and Pdx1; and/or {(iii) preserve an appropriate GSIS response in the

cell.

34, A method of reversing de-ditferentiation of a B cell, comprising contacting a de-
differentiated B cell with an agent that inhibits transformuing growth factor-f (TGFE)

superfamily signaling.

35, The method of claim 34, wherein the de-differentiated B cell comprises:
{a) a de-differentiated B cell in an early stage of de-differentiation that exhibits at

feast one of
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(1) decreased Ucn3 expression and increased or unchanged insulin
expression;

{ii} decreased expression of at least one marker of matare § cells comprising

FoxO1l, MafA, NeuroD, Nkx6.1, and Pdx1; and/or

(i} lack of an appropriate GSIS response; or

(b) a de-differentiated B cell in a late stage of de-differentiation that exhibits at least
ong of

() decreased Ucen3 expression and decreased insulin expression;

{ii} decreased expression of at least one marker of matare § cells comprising

FoxO1l, MafA, NeuroD, Nkx6.1, and Pdx1; and/or

(i} lack of an appropriate GSIS response.

36. The method of claim 34, wherein reversing de-differentiation of the § cell causes
the B cell to: (i) increase expression levels of Uen3; (i) increase expression levels of at
least one marker of mature P cells comprising MafA, Nkx6.1, Pdxl, NeuwroD, and FoxO1;

and/or (iti) exhibit an appropriate GSIS response in the B cell.

37. The method of any one of claims 32 to 36, wherein TGFP superfamily signaling
comprises artemin signaling through receptor tyrosioge kinase RET or a GFRalphal

receptor {GRFa3)

38. The method of any one of claims 32 to 37, whercin the at least one agent

comyprises an inhibitor of RET or an inhibitor of GFRa3.

349, The method of any one of claims 32 to 38, wherein the at fcast one agent

comprises PHA-739358 or an analog or detivative thereof.

44 The method of any one of claims 32 to 38, wherein the at least one agent

comprises VEGFR inhibitor V or an analog ot dertvative thereof.

41. The method of any one of claims 32 to 40, wherein TGFp superfamily signaling

comprises TGFp signaling through a receptor serine/threoning kinase.

42. The method of any one of claims 32 to 41, wherein the at least one agent

comyprises AlkS inhibitor [ or an analog or derivative thercof.
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43, The method of any one of claims 32 to 42, wherein the at least oue agent

comprises ALKS inhibitor I or an analog or derivative thereof.

44, The method of any one of claims 32 to 43, wherein the at least one agent

comprises a SMAD3 inhibitor or an analog or derivative thereof.

45. The method of any one of claims 32 to 44, further comprising detecting de-

differentiation of the § cell or de-differentiated B cell.

46. The method of claim 45, wherein de-differentiation of the f cell or de-
differentiated B cell is detected (3) prior to contacting, (i1} contemporaneously with

contacting, or {iii} after contacting.

47. The method of any one of claims 32 to 46, wherein coutacting occurs /n vifro ot
€x vivo.

48. The method of any one of claims 32 to 47, wherein contacting occurs in vivo.
49, The method of claim 4%, wherein the in vivo contact occurs in a subject.

50. The method of claim 49, wherein the subject (i) has diabetes; (31} is at risk of

developing diabetes; (i1} is developing diabetes; or (iv} is suspected of having or

developing diabetes,

51, The method of ¢laims 49 or 50, wherein the subject 1s {i} non-diabetic; (i) mildly

diabetic, or {ii1} severcly diabetic.

v

2. The method of claims 49 to S1, further comprising administering to the subject a

convertional anti-diabetes therapy.

53. A method of identifving at least one candidate agent for preventing p cell de-

differentiation, comprising:

a) contacting a P cell with at least one test agent under conditions which cause f cell
e-differentiation to occur; and

b} assessing the level of Ucn3 expression in §§ cell in the presence of the at least one

test agent, wherein the at Ieast one test ageunt is ideuntified as at least ove candidate agent
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for preventing P cell de-ditferentiation if the level of Ucn3 expression in the § cell does

not decrease in the presence of the at least one test.

54, The method of claim 53, wherein the conditions which cause B eell de-
differentiation to occur comprise stress induced by a cytokine comprising 1L~18, TNFa,

{FNv, and combinations thereof.

55. The method of claims 53 or 54, further comprising assessing the level of
expression of at least one marker of mature P cells comprising Fox(O1, MatA, Nix6.1,
and/or Pdx 1, whercin the at least oune test agent is wdentified as af least one candidate
agent for preventing B cell de-differentiation if the level of expression of the at least one
marker of mature § cells in the B cell does not decrease in the presence of the at least one

test agent.

56. The method of any one of claims 53 to 55, further comprising conducting a GSIS
assay on the P cell, wherein the at least onc fest agent 1s identified as at least one
candidate agent for preventing b cell de~differentiation if the B cell maintains its ability to

exhibit an appropriate GSIS response in the presence of the at least one test agent.

57. A method of identifving at least one candidate agent for reversing P cell de-~

differentiation, comprising:

aj contacting a de-difterentiated f cell with at least one test agent; and
b} assessing the level of Uen3 expression in the de-differentiated P cell in the

presence and absence of the at least one test agent, wherein the at least one test agent is
identified as at least onc candidate agent for reversing P cell de-differentiation if the level
of Ucn3 expression in the de-differentiated B cell increases in the presence of the at Jeast
one test agent compared to the level of Ucn3 expression in the de-differentiated § cell in

the absence of the at least one test agent.

58. The method of claims 57, further comprising measuring the level of expression of
at least one marker of mature P cells comprising FoxO1, MafA, Nkx6.1, and Pdx |,
wherein the at least one test agent is identified as a candidate agent for reversing B cell
de-differentiation if the level of expression of the at least one marker of mature B cells

ctected in the de-differentiated P coll increases in the presence of the at least one test
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agent relative the level of expression of the at least one marker of mature B cells detected

in the de-differentiated B cell in the absence of the at least one test agent.

59, The method of claims 537 or 58, further comprising conducting a GSIS assay on
the de-differentiated B cell, wherein the at least one test agent is identified as a candidate
agent for reversing B cell de-differentiation if the de-differentiated P cell gains the ability

to exhibit an appropriate GSIS response after exposure to the at least one test agent.

641, The method of any one of claims 57 to 59, wherein the de-differentiated P cell
comyprises: (i) a P cell de-difterentiated by culturing in adherent conditions, or (i1} a de-

differentiated B cell obtained from a diabetic subject.

61. A method of identifying at least one candidate agent for reversing B cell de-

differentiation, comprising:

a) contacting a § cell with at least one test agent; and
b) assessing the ability of the at least one test agent to inhibit AlKS sigonaling,

wherein at least one test agent that demonstrates the ability to inhibit AKS signaling

cormprises at feast one candidate agent for reversing B cell de-differentiation.

62. The method of claim 61, further comprising assessing the ability of the at least
one candidate agent to reverse B cell de-differentiation, wherein assessing the ability of
the at least one candidate agent to reverse B cell de~-differcutiation coraprises:

a) contacting a de-differentiated 8 cell with the at least one candidate agent; and

b) detecting the level of Ucen3 expression in the de-differentiated § cell, wherein at
lcast one candidate agent demonstrates the ability to reverse B cell de-differentiation if the
tevel of Ucn3 expression detected in the de-differentiated B cell increases in the presence
of the at least one candidate agent relative the level of Ucn3 expression detected in the de-

differentiated P cell in the absence of the at least one candidate agent.

63. The method of claims 61 or 62, further comprising measuring the level of
expression of at least one marker of mature B cells coroprising FoxO1, MatA, Nkx6.1,
and Pdxi, wherein the at least one candidate agent demonstrates the ability to reverse §

cell de~-differentiation if the level of expression of the at least one marker of mature B
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cells detected in the de-differentiated P cell increases in the presence of the at least one
candidate agent relative the level of expression of the at least one marker of mature P cells

detected in the de-differentiated B cell in the absence of the at least one candidate agent.

64. The method of any one of claims 61 to 63, further comprising conducting a GSIS
assay on the de-differentiated P cell, wherein the at least one candidate agent
demonstrates the ability to reverse B cell de-differcntiation if the de-differentiated B cell

gains the ability to exhibit an appropriate GSIS response after exposure to the at least ong

candidate agent.

63. A method of preventing a f cell de-differentiation-related disorder, the method
comprising administering to a subject in need thereot an effective amount of a P cell de-

differentiation preventing agent.

66. A method of treating a b cell de-differentiation-related disorder, the method
comprising administering to a subjoct in need thereot an effective amount of a P cell de-

differentiation reversing agent.

67. The method of claims 65 or 66, wherein the § cell de-differentiation preventing
agent and the P cell de-differcntiation reversing agent comprise an inhibitor of TGFR

superfamily signaling.

68, The method of any one of clatms 65 to 67, wherein the B cell de-differentiation
preventing agent and the B cell de-differentiation reversing agent comprise an inhibitor of

artemin signaling.

69, The method of any one of claims 65 1o 68, wherein the P cell de-differentiation
preventing agent and the §§ cell de-differentiation reversing agent comprises an inhibitor

of receptor tyrosine kinase RET or an intubitor of receptor GRFa3,
74 The method of any one of claims 65 to 69, wherein the §§ cell de-differentiation

preventing agent and the § cell de-differentiation reversing agent comprises PHA-739358

or an analog or derivative thereof,
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71 The method of any one of claims 65 to 70, wherein the B cell de-differentiation
preventing agent and the B cell de-differentiation reversing agent comprises VEGFR

inhibitor V or an analog or derivative thereof.

72. The method of any one of claims 65 to 71, wherein the B cell de-differentiation
preventing agent and the P cell de-differentiation reversing agent comprise an inhibitor of

AlKS signaling.

73 The method of any one of claims 635 to 72, wherein the §8 cell de-differentiation
preventing agent and the § cell de-differentiation reversing agent comprises AlkS

inhibitor I or an analog or derivative thereof,

74, The method of any one of claims 65 to 73, wherein the B cell de-differentiation
preventing agent and the § cell de-differcutiation reversing agent comprises ALKS

inhibitor I or an analog or derivative thereof.

75. The method of any one of claims 65 to 74, wherein the P cell de-differentiation
preventing agent and the B cell de-differentiation reversing agent comprises a SMAD3

inhibitor or an analog or derivative thereof.

76. The method of any one of claims 65 to 75, wherein the subject in need of is a
subject who (i} is in need of additional B cell; {i1) has diabetes; (iit) is at risk of
developing diabetes; (iv) is developing diabetes; (v} is suspected of having or developing

diabetes; (vi} is non-diabetic; {vit} is mildly diabetic; or {viii} severely diabetic.

7. The method of any one of claims 65 to 75, wherein the subject has, is developing

or is at risk of developing, or is suspected of having metabolic syndrome or obesity.

78. The method of any one of claims 65 to 77, wherein the B cell de-differentiation-
related disorder is selected from the group consisting of pre-diabetes, type | diabetes, type

I diabetes, type 1.5 diabetes, obesity, metabolic syndrome, or hyperlipidemia.

79. The method of any one of clatms 65 to 78, further comprising sclecting a subject

in need of treatment for a P cell de-differentiation-related disorder.
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02,
80, The method of any one of claims 65 to 79, further comprising detecting P cell de-
differentiation in the subject.
31. The method of any one of claims 65 to 80, further comprising administering to the

subject an effective amount of an anti-diabetic agent,
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