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METHODS AND COMPOSITIONS FOR PROGNOSTICATIONS AND/OR CLINICAL
MANAGEMENT OF GRAFT-VERSUS-HOST DISEASE AND TRANSPLANT REJECTION

FEDERALLY SPONSORED RESEARCH OR DEVELOPMENT
The invention was made with government support under grant numbers NIH P30 CA-
21765-364 24 and CA-21765 awarded by the National Institutes of Health. The government has

certain rights in the invention.

REFERENCE TO SEQUENCE LISTING SUBMITTED ELECTRONICALLY
The official copy of the sequence listing is submitted electronically via EFS-Web as an
ASCII formatted sequence listing with a file named 447938SEQLIST.txt, created on June 1, 2015
and having a size of 163 KB and is filed concurrently with the specification. The sequence listing
contained in this ASCII formatted document is part of the specification and is herein incorporated

by reference in its entirety.

FIELD OF THE INVENTION
The present invention relates to the field of transplant biology. More specifically, the
invention relates to determining the risk for transplant rejections and graft-versus-host disease and

to personalizing prophylactic regimens based on the assessed risk.

BACKGROUND OF THE INVENTION

Tissue and organ transplantations such as hematopoietic stem cell transplantation (HSCT)
are used to treat a variety of malignant and non-malignant diseases. However, serious
complications can occur, including transplant rejection and graft-versus-host disease (GVHD).
Several factors, related to both the donor and recipient, have been identified as potential risk factors
for transplant rejection and GVHD. Among these risk factors is genetic disparity between donor
and recipient in human leukocyte antigen (HLA). However, relatively little is known about non-
HLA genetic factors that may contribute to transplant rejections or GVHD. Identifying such factors
would allow for improved risk stratification and individualized treatment and prophylaxis in

patients experiencing or at risk for transplant rejection or GVHD.
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SUMMARY OF THE INVENTION

Compositions and methods are provided to determine the likelihood of a subject developing
a complication (e.g., graft versus host disease (GVHD)) resulting from an adaptive immune
response upon receiving an organ or tissue transplantation, such as a hematopoietic stem cell
transplantation (HSCT). Methods comprise assaying a biological sample from the subject for
expression or activity levels of suppressor of fused (SUFU) mRNA and/or SUFU protein.
Decreased SUFU mRNA and/or SUFU protein expression or activity indicates an increased risk for
a complication (e.g., GVHD), whereas increased SUFU mRNA and/or SUFU protein expression or
activity indicates a decreased risk for a complication. In specific methods, assaying for expression
or activity levels of SUFU mRNA and/or SUFU protein in the biological sample comprises
detecting in the genome of the subject a marker locus that is associated with increased or decreased
risk of the complication (e.g., GVHD), wherein the marker locus comprises rs17114808 or a
marker locus site that is in complete disequilibrium with rs17114808.

Methods are further provided for screening for sonic hedgehog (SHH) signaling pathway
antagonists. Specific methods comprise contacting an antigen-presenting cell (APC) with a
candidate compound and determining if the compound inhibits regulation of transplant rejection or
graft-versus-host disease by the SHH pathway.

Various compositions are further provided comprising kits that allow for the level and/or

activity of SUFU mRNA and/or SUFU protein to be determined.

BRIEF DESCRIPTION OF THE FIGURES

Figure 1 shows the results of genome-wide screening of single-nucleotide polymorphisms
(SNPs) associated with acute graft-versus-host disease (GVHD) in patients who underwent
hematopoietic stem cell transplantation (HSCT). Figure 1A shows a Manhattan plot of p-values
from the genome-wide analyses. The horizontal axis indicates each SNP’s chromosomal location,
while the vertical axis indicates the degree of SNP association with acute GVHD. Figure 1B shows
the percentage and number (n) of subjects with and without acute GVHD stratified by rs17114808
SNP genotype in the discovery cohort. Figure 1C shows cumulative incidence of acute GVHD in
the discovery cohort. CC indicates patients homozygous for SUFU allele with cytosine at the
rs17114808 position; CT indicates heterozygous with cytosine and thymine at the same position.

Figure 2 shows validation of SUFU SNPs in association with acute GVHD. Figure 2A
shows a SNP assay that can distinguish different SUFU genotypes in the validation cohort. The

upper left cluster represents allele CC, the center cluster of two points represents allele CT, and the
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point circled at the bottom right represents allele TT. A representative typing output is shown.
Figure 2B shows the percentage and number (n) of subjects with and without acute GVHD
stratified by rs17114808 SNP genotype in the validation cohort. Figure 2C shows cumulative
incidence of acute GVHD in the validation cohort. The CC/TT line shows no increase from 4
weeks forward, while the CC line increases until about 16 weeks. CC indicates patients
homozygous for SUFU allele with cytosine at rs17114808 position; CT indicates heterozygous with
cytosine and thymine at the same position; and TT indicates homozygosity with thymine in that
position.

Figure 3 shows SUFU polymorphisms in healthy population. Figure 3A shows the relative
abundance of SUFU mRNA in peripheral blood mononuclear cells (PBMCs) from six
representative healthy individuals with homozygous (CC or TT) or heterozygous (CT) alleles at the
rs17114808 position. Data was normalized to GAPDH mRNA levels and are presented as fold
change relative to the expression of GAPDH. Figure 3B shows SUFU protein production in
PBMCs from the same six healthy individuals as determined by Western blot. a-tubulin was used
as a loading control.

Figure 4 shows that SUFU suppresses allogeneic T-cell proliferation by reducing HLA-DR
expression in dendritic cells. Figure 4A shows expression of SUFU transcripts in myeloid dendritic
cells (mDCs), plasmacytoid dendritic cells (pDCs), and peripheral blood mononuclear cells
(PBMCs). Plasmid DNA of SUFU was used as positive control and water as a negative control.
Figure 4B shows data from three independent experiments in which DCs were isolated from
SUFU-CC- and SUFU-CT—positive donors and used in allogeneic mixed lymphocyte reaction
(MLR) assays. Figure 4C shows HLA-DR expression as determined by flow cytometry in mDCs
(upper left) and pDCs (upper right) that were isolated from the blood of healthy volunteers with
different groups of SUFU alleles. Mean fluorescence intensity (MFI) of HLA-DR expression in
mDCs (bottom left) and pDCs (bottom right) from 4 to 5 volunteers of each SUFU allelic group is
plotted. Figure 4D shows mean fluorescence intensity (MFI) of MHC class [ expression on myeloid
(upper left) and plasmacytoid DC (upper right) from individuals with different SUFU allele are
shown. Average MFI of MHC class I expression from 3 individuals from each group of SUFU
alleles are shown at the bottom. * indicates p-value <0.05; ** indicates p-value <0.01; and ***
indicates p-value <0.001.

Figure 5 shows that overexpression of SUFU reduces whereas silencing of SUFU increases
allogeneic T-cell proliferation in MLR assays using THP-1 cells induced into antigen-presenting

cells (APCs). SUFU was either ectopically expressed in myeloid cell line THP-1 (Figure SA) or
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silenced in THP-1 cells by siRNA (Figure 5B). SUFU overexpressed and silenced THP-1 cells
were then induced into APCs and used for MLR (Figure 5C). Figure 5D shows surface expression
of HLA-DR (upper) and MFI (bottom). Mock indicates THP-1 cells without genetic manipulation;
SUFU" indicates ectopically SUFU-expressing THP-1 cells; SUFU™ and SUFU? indicate two
separate siRNAs used to silence SUFU in THP-1 cells; * indicates p-value <0.05; and ** indicates
p-value <0.01.

Figure 6 shows validation of the SNP assay. The SNP assay was validated by sequencing
the assay products. The underlined nucleotides and corresponding arrows indicate the SNP
position. Alleles CC (homozygous for C-allele), CT (heterozygous for the C-allele and the T-allele,
and TT (homozygous for the T-allele) are showing with surrounding genomic sequence (SEQ ID
NOS: 3, 5, and 4 respectively

Figure 7 shows induction of the THP-1 cell line into APCs. The THP-1 cell line was
cultured in RPMI1640 medium (left) or in combination with cytokines that induced them into
APCs (right) (Figure 7A). Figure 7B shows expression of dendritic cell (DC) markers in THP-1
cells and THP-1 cells induced into APCs.

Figure 8 shows that SUFU has no effect on expression of DC markers. SUFU gene was
overexpressed or silenced in THP-1 cell lines, which were then induced into APCs. Expres:sion of
different DC makers was determined by flow cytometric analysis. THP indicates THP-1 cell line;
THP-SUFU+ indicates SUFU gene ectopically expressed in THP-1 cell lines; and THP-SUFU-
indicates SUFU was silenced in THP-1 cell lines by siRNA.

DETAILED DESCRIPTION OF THE INVENTION

The present inventions now will be described more fully hereinafter with reference to the
accompanying drawings, in which some, but not all embodiments of the inventions are shown.
Indeed, these inventions may be embodied in many different forms and should not be construed as
limited to the embodiments set forth herein; rather, these embodiments are provided so that this
disclosure will satisfy applicable legal requirements. Like numbers refer to like elements
throughout.

Many modifications and other embodiments of the inventions set forth herein will come to
mind to one skilled in the art to which these inventions pertain having the benefit of the teachings
presented in the foregoing descriptions and the associated drawings. Therefore, it is to be
understood that the inventions are not to be limited to the specific embodiments disclosed and that

modifications and other embodiments are intended to be included within the scope of the appended
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claims. Although specific terms are employed herein, they are used in a generic and descriptive

sense only and not for purposes of limitation.

I Overview

Methods and compositions are provided to identify subjects that will have an increased or
decreased likelihood to develop a complication resulting from an adaptive immune response (e.g.,
graft-versus-host disease (GVHD)) upon receiving an organ or tissue transplantation (e.g.,
hematopoietic stem cell transplantation (HSCT)). The various methods and compositions provided
herein employ detecting the level and/or activity of suppressor of fused (SUFU) mRNA and/or
SUFU protein to assess risk for such complications. Based on the assessed risk, personalized
prophylaxis or treatment regimens can be administered to the subjects.

In one non-limiting embodiment, a single-nucleotide polymorphism (SNP) is detected that
is linked to risk for complications resulting from an adaptive immune response upon receiving an
organ or tissue transplantation. This SNP, denoted herein as rs17114808, is in the 3 UTR region
of the SUFU gene and correlates with expression levels and/or activity of the SUFU protein.

II. Determining Likelihood of Complications Resulting from an Immune Response upon Receiving
an Organ or Tissue Transplantation

Methods and compositions are provided for determining the likelihood of a subject to
develop a complication resulting from an immune response (e.g., an adaptive immune response)
upon receiving an organ or tissue transplantation. Such methods comprise assaying a biological
sample from the subject for SUFU mRNA and/or SUFU protein expression or activity. Decreased
SUFU mRNA and/or SUFU protein expression or activity indicates an increased risk for the
complication, whereas increased SUFU mRNA and/or SUFU protein expression or activity
indicates a decreased risk for the complication. Assessment of risk for the complication can further
be based on the degree of human leukocyte antigen (HLA) mismatch between the subject and the
organ or tissue transplanted, as described in further detail below. Based on the assessed risk, a
personalized prophylaxis or treatment regimen can be administered to the subject.

As used herein, an “increased risk™ of developing a complication resulting from an immune
response (e.g., an adaptive immune response) upon receiving an organ or tissue transplantation
comprises a statistically significant increase in the risk of developing the complication. The risk
can be based on the presence of a particular risk factor relative to risk in the absence of that risk

factor. The increased risk can include, for example, a risk that is at least about 10% higher, 15%
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higher, 20% higher, 25% higher, 30% higher, 35% higher, 40% higher, 45% higher, 50% higher,
55% higher, 60% higher, 65% higher, 70% higher, 75% higher, 80% higher, 85% higher, 90%
higher, 95% higher, 100% higher, 110% higher, 120% higher, 130% higher, 140% higher, 150%
higher, 160% higher, 170% higher, 180% higher, 190% higher, 200% higher, or greater. Statistical
significance means p < 0.05.

As used herein, a “decreased risk” of developing a complication resulting from an immune
response (e.g., an adaptive immune response) upon receiving an organ or tissue transplantation
comprises a statistically significant decrease in the risk of developing the complication, including,
for example, a risk that is at least about 10% lower, 15% lower, 20% lower, 25% lower, 30% lower,
35% lower, 40% lower, 45% lower, 50% lower, 55% lower, 60% lower, 65% lower, 70% lower,
75% lower, 80% lower, 85% lower, 90% lower, 95% lower, 99% lower, or greater. Statistical
significance means p < 0.05. The risk can be based on the presence of a particular risk factor
relative to risk in the absence of that risk factor.

Complications resulting from an immune response (e.g., an adaptive immune response)
upon receiving an organ or tissue transplantation, and methods for detecting them, are known.
Such complications can include, for example, transplant rejections and grafi-versus-host disease

(GVHD). Characteristics of these complications are described below.

A. Organ or Tissue Transplantations and Complications Arising Therefrom

i. Types of Transplantations

The methods and compositions disclosed herein relate to subjects who receive an organ or
tissue transplantation. As used herein, the term “transplantation” refers to the process of taking an
organ or tissue (called a “transplant” or “graft”) from one individual (i.e., a donor) and placing it
into the same individual or a different individual (i.e., a recipient). The transplant may optionally
undergo treatment ex vivo prior to introduction into the recipient.

A "tissue" is any biological entity derived from an organism that is comprised of one or
more nucleated cells. The biological entity can be derived from an organism directly or via an
isolated progenitor cell or population. For example, a tissue could include bone marrow, peripheral
blood, umbilical cord blood, or hematopoietic stem cells derived therefrom. In some cases, a tissue
can be a group or collection of similar cells and the intercellular substance which act together to
perform a particular function. For example, a tissue can be a whole or partial organ. Examples of

tissues commonly transplanted are bone marrow, hematopoietic stem cells, and organs such as
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liver, heart, skin, bladder, lung, kidney, cornea, pancreas, pancreatic islets, brain tissue, bone, and
intestine.

An "organ" is any part of the body exercising a specific function. For example, an organ
can be a group of several tissue types that perform a given function. Exemplary organs include
heart, kidney, liver, pancreas, and lung.

The individual who provides the transplant is called the “donor,” and the individual who
received the transplant is called the “host” or “recipient.” As used herein, the term "donor" refers
to a vertebrate organism from which an organ or tissue is removed (or otherwise derived, for
example, by tissue culturing techniques) prior to introduction into the recipient organism. The
donor may be of the same (allograft) or different (xenograft) species. Examples of donor types
include identical twin donors, matched related donors, matched unrelated donors, mismatched
related donors, haploidentical donors, and umbilical cord blood donors. As used herein, the term
"recipient” refers to a vertebrate organism which receives a donor organ or tissue.

Transplantations can be, for example, autologous, syngeneic, allogeneic, or xenogeneic. An
“autologous transplantation” is a transplantation in which a recipient’s own organ or tissue is
returned to the recipient (i.e., the donor and recipient are the same). For example, autologous
transplantation is typically used as a method of returning a patient's own stem cells as a rescue
therapy after high-dose myeloablative therapy. Immunosuppression is typically not required after
autologous transplantation, because the immune system that is reconstituted is that of the original
host. Because the native immune system returns after autologous transplant, this technique is not
used for correction of immunodeficiencies. Examples of conditions that can be treated by
autologous transplantation include multiple myeloma, non-Hodgkin lymphoma, Hodgkin disease,
acute myeloid leukemia, neuroblastoma, germ cell tumors, autoimmune disorders (e.g., systemic
lupus erythematosus, systemic sclerosis), and amyloidosis.

An “allogeneic transplantation” or “allograft” is a transplantation of an organ or tissue from
a donor source other than the recipient but from the same species. The donor and recipient may be
genetically related or unrelated. This type of transplant is used in the context of many malignant
and nonmalignant disorders to replace a defective host marrow or immune system with a normal
donor marrow and immune system. The degree of HLA match between the donor and the recipient
can be an important factor in these transplants; well-matched transplants decrease the risk of graft
rejection and GVHD, both of which are among the most serious complications of transplantation.
Examples of conditions that can be treated by allogeneic transplantation include acute myeloid

leukemia, acute lymphoblastic leukemia, chronic myeloid leukemia, chronic lymphocytic leukemia,
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myeloproliferative disorders, myelodysplastic syndromes, multiple myeloma, non-Hodgkin
lymphoma, Hodgkin disease, aplastic anemia, pure red-cell aplasia, paroxysmal nocturnal
hemoglobinuria, fanconi anemia, thalassemia major, sickle cell anemia, severe combined
immunodeficiency (SCID), Wiskott-Aldrich syndrome, hemophagocytic lymphohistiocytosis,
inborn errors of metabolism (e.g., mucopolysaccharidosis), Gaucher disease, metachromatic
leukodystrophies, adrenoleukodystrophies, epidermolysis bullosa, severe congenital neutropenia,
Shwachman-Diamond syndrome, Diamond-Blackfan anemia, and leukocyte adhesion deficiency.

A “syngeneic transplantation” is a transplantation of an organ or tissue from a donor source
who is an identical twin of the recipient.

A “xenogeneic transplantation™ is a transplantation of an organ or tissue from one species to
another (e.g., transplantation of a heart from a transgenic pig into a human).

In some embodiments, the transplantation is hematopoietic stem cell transplantation
(HSCT). Asused herein, the term “hematopoietic stem cell transplantation” or “HSCT” refers to
transplantation of a blood progenitor/stem cell from any source. HSCT can include, for example,
the intravenous infusion of autologous or allogeneic stem cells collected from bone marrow,
peripheral blood, or umbilical cord blood to reestablish hematopoietic function in patients whose
bone marrow or immune system is damaged or defective. In specific embodiments, the
transplantation is an allogeneic HSCT. See, e.g., Welniak er al. (2007) Annu. Rev. Immunol.
25:139-170.

ii. Types of Complications

Several types of complications can occur in a subject upon receiving an organ or tissue
transplantation. In some instances, such complications result from an immune response, such as an
autoimmune response or an adaptive immune response. The immune response can be directed
against the donor organ or tissue by the recipient. Alternatively, it can be directed against the
recipient by the donor organ or tissue.

In some embodiments, the complication is an organ or tissue transplant rejection. The term
"organ or tissue transplant rejection” as used herein refers to a consequence of organ or tissue
transplantation caused by the recipient's or host's immune system in response to the transplanted
organ or tissue, which can damage or destroy it. Thus, "organ or tissue transplant rejection" is
controlled by the host subject.

The antigens responsible for rejection of genetically disparate tissues are called

histocompatibility antigens and are products of histocompatibility genes. Histocompatibility
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antigens are encoded on more than 40 loci, but the loci responsible for the most vigorous allograft
rejection reactions are located on the major histocompatibility complex (MHC).

In humans, the MHC is called the human leukocyte antigen (HLA) system and is located on
the short arm of chromosome 6, near the complement genes. Other antigens cause only weaker
reactions, but combinations of several minor antigens can elicit strong rejection responses. The
MHC genes are codominantly expressed, meaning that each individual expresses these genes from
both the alleles on the cell surface. Furthermore, they are inherited as haplotypes or two half sets
(one from each parent). This makes a person half identical to each of his or her parents with
respect to the MHC complex. This also leads to a 25% chance that an individual might have a
sibling who is HLA identical.

The MHC molecules are divided into two classes. The class I molecules are normally
expressed on all nucleated cells, whereas the class Il molecules are expressed only on the
professional antigen-presenting cells (APCs), such as dendritic cells, activated macrophages, and B
cells. The physiological function of the MHC molecules is to present antigenic peptides to T cells,
since the T lymphocytes only recognize antigen when presented in a complex with an MHC
molecule. The class I molecules are responsible for presenting antigenic peptides from within the
cell (e.g., antigens from the intracellular viruses, tumor antigens, self-antigens) to CD8 T cells. The
class I molecules present extracellular antigens such as extracellular bacteria to CD4 T cells.

The immune response to a transplanted organ consists of both celluiar (lymphocyte
mediated) and humoral (antibody mediated) mechanisms. Although other cell types are also
involved, the T cells are central in the rejection of grafts. The degree of immune response to a graft
depends partly on the degree of genetic disparity between the grafted organ or tissue and the host.
Xenografts have the most disparity and elicit the maximal immune response, undergoing rapid
rejection. Autografts (e.g., grafts from one part of the body to another, such as skin grafts), are not
foreign tissue and, therefore, do not elicit rejection. Isografts, which are grafts between genetically
identical individuals (e.g., monozygotic twins), also undergo no rejection. For allografts (i.e., grafts
between members of the same species that differ genetically), the degree to which they undergo
rejection depends partly on the degree of similarity or histocompatibility between the donor and the
recipient. The degree and type of response also vary with the type of the transplant. Some sites,
such as the eye and the brain, are immunologically privileged (i.e., they have minimal or no
immune system cells and can tolerate even mismatched grafts). Skin grafts are not initially
vascularized and so do not manifest rejection until the blood supply develops. The heart, kidneys,

and liver are highly vascular organs and lead to a vigorous cell mediated response in the host.
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In various embodiments, the transplant rejection can be hyperacute, acute, or chronic. In
hyperacute rejection, the transplanted tissue is rejected within minutes to hours because
vascularization is rapidly destroyed. Hyperacute rejection is humorally mediated and occurs
because the recipient has preexisting antibodies against the graft, which can be induced by prior
blood transfusions, multiple pregnancies, prior transplantation, or xenografts against which humans
already have antibodies. The antigen-antibody complexes activate the complement system, causing
massive thrombosis in the capillaries, which prevents the vascularization of the graft.

Acute rejection manifests commonly in the first six months after transplantation. Acute
cellular rejection is mediated by lymphocytes that have been activated against donor antigens,
primarily in the lymphoid tissues of the recipient. The donor dendritic cells (also called passenger
leukocytes) enter the circulation and function as APCs. Humoral rejection is form of allograft
injury and subsequent dysfunction, primarily mediated by antibody and complement. It can occur
immediately post-transplantation (hyperacute) or during the first week. The antibodies are either
preformed antibodies or represent antidonor antibodies that develop after transplantation.

Chronic rejection develops months to years after acute rejection episodes have subsided.
Chronic rejections are both antibody- and cell-mediated. Chronic rejection can appear as fibrosis
and scarring in all transplanted organs, with the specific histopathological picture depending on the
organ or tissue transplanted.

In other embodiments, the complication is graft-versus-host disease (GVHD). See, e.g.,
Ferrara et al. (2009) Lancet 373:1550-1561. In specific embodiments, the GVHD is acute GVHD.
The term "graft-versus-host-disease" or "GVHD" refers to a pathological reaction that occurs
between the host and the grafted organ or tissue. It is an immune-mediated disease resulting from a
complex interaction between donor and recipient adaptive immunity. The grafted or donor tissue
dominates the pathological reaction. GVHD can be seen following stem cell and/or solid organ
transplantation. GVHD often occurs in immunocompromised subjects such as those who are
immunocompromised due to receiving immunosuppressive therapy prior to transplant of the graft.
When transplanted, such subjects can receive "passenger" lymphocytes in the transplanted stem
cells or solid organ. These lymphocytes recognize the recipient's tissue as foreign and attack and
mount an inflammatory and destructive response in the recipient. GVHD has a predilection for
epithelial tissues, especially skin, liver, and mucosa of the gastrointestinal tract.

GVHD occurs frequently in the allograft setting but rarely occurs in the autologous setting.
The disease may cause significant morbidity and mortality and has been divided into acute and

chronic forms. Acute GVHD is a common complication of allogeneic transplantation; it occurs
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within the first 100 days after the procedure. Acute GVHD involves skin, mucosal surfaces, gut,
and liver. It starts as an erythematous, macular skin rash, and as it progresses, blistering of the skin
similar to severe burns, severe abdominal pain, profound diarrhea, and hyperbilirubinemia develop.
Acute GVHD is graded as per Glucksberg criteria. Grade I disease is confined to the skin and is
mild; grade H-IV have systemic involvement. Grade III and 1V acute GVHD carry a grave
prognosis. Risk factors for acute GVHD include HLA-mismatched grafts, matched unrelated
donors (MUD) grafts, grafts from a parous female donor, and advanced patient age.

Chronic GVHD develops 2-12 months after transplantation (typically after day 100) and
involves the skin, eyes, mouth, liver, fascia, and almost any organ in the body. Patients with
chronic GVHD present with chronic lichenoid skin changes, dryness of the eyes and mouth, and
lichenoid skin changes in the oral mucosa, with ulceration and oral pain. Impaired range of motion
occurs from fibrosis of the dermis and fascia. Hyperbilirubinemia and elevated alkaline
phosphatase can occur. Although the clinical presentation of chronic GVHD mostly resembles
scleroderma, it can mimic any other autoimmune disease. In addition to allogeneic HSCT,
procedures associated with high risk of GVHD include transplantation of solid organs containing
lymphoid tissue and transfusion of unirradiated blood products. Another risk factor is advanced
patient age. Yet other risk factors include peripheral blood stem cell transplants, mismatched or
unrelated donors, second transplant, and donor leukocyte infusions (DLIs). The greatest risk for
chronic GVHD is acute GVHD.

B. Subjects and Biological Samples

By “subject” is intended a vertebrate. Preferably, subjects are mammals, e.g., primates,
humans, rodents, or agricultural and domesticated animals such as dogs, cats, cattle, horses, pigs,
sheep, and the like. Preferably, the subject is a human. Preferably, the subject is a candidate for an
organ or tissue transplantation. In certain embodiments, the subject can be a young adult or a
pediatric subject. A young adult is 18-21 years. A pediatric subject is 0-18 years.

As used herein, the term "biological sample" refers to a sample of biological material,
within or obtainable from a subject, from which a nucleic acid or protein is recoverable. The term
biological sample can also encompass any material derived by processing the sample, such as cells
or their progeny. Processing of the biological sample may involve one or more of filtration,
distillation, extraction, concentration, fixation, inactivation of interfering components, and the like.
A biological sample can comprise any sample in which one desires to determine the level and/or

activity of the SUFU gene, SUFU mRNA, or SUFU protein. In some embodiments, a biological
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sample comprises a nucleic acid, such as genomic DNA, cDNA, or mRNA. In some embodiments,
a biological sample comprises a protein. A biological sample can éomprise a sample from any
organism, including a mammal, such as a human, a primate, a rodent, a domestic animal (e.g., a
feline or canine), or an agricultural animal (e.g., a ruminant, horse, swine, or sheep). The biological
sample can be derived from any cell, tissue, or biological fluid from the organism of interest. The
sample may comprise any clinically relevant tissue, such as a bone marrow sample, a tumor biopsy,
a fine needle aspirate, or a sample of bodily fluid, such as blood, plasma, serum, lymph, ascitic
fluid, cystic fluid, or urine. In some embodiments, the sample comprises a buccal swab. The
sample used in the methods disclosed herein will vary based on the assay format, nature of the
detection method, and the tissues, cells, or extracts that are used as the sample.

In some specific embodiments, the biological sample is a peripheral blood mononuclear cell
(PBMC) or is derived from a PBMC. A PBMC is any blood cell having a round nucleus, such as a
lymphocyte, a monocyte, or a macrophage. In specific embodiments, the biological sample is an
antigen-presenting cell (APC) or is derived from an APC. An APC is a cell that displays foreign
antigens complexed with major histocompatibility complexes (MHCs) on their surfaces (i.e., the
process of antigen presentation). In more specific embodiments, the biological sample is a
dendritic cell (DC) or is derived from a DC. The dendritic cell can be, for example, a myeloid

dendritic cell (mDC) or a plasmacytoid dendritic cell (pDC).

C. Detecting Level or Activity of SUFU

Various methods and compositions can be used to assay for the level and/or activity of
SUFU mRNA and/or SUFU protein. “SUFU” or “Suppressor of Fused” (also known as Suppressor
of Fused Homolog or SUFUH) is a component of the Sonic hedgehog (SHH) signaling pathway.
More specifically, it is a negative regulator of the SHH signaling pathway. SHH signaling activity
is governed by the balance of GLI activators and repressors (see, e.g., Hui & Angers (2011) Annu.
Rev. Cell. Dev. Biol. 27:513-527). In the absence of SHH, Patched (PTCH) inhibits Smoothened
(SMO) to repress signaling through GLI3. SHH binding to PTCH alleviates SMO inhibition and
initiates signaling to promote GLI-dependent transcription. GLI2 is the main transcriptional
activator, whereas GLI1 potentiates SHH signaling as a secondary activator. SUFU and KIF7 are
two key conserved regulators of GLI proteins (see, €.g., Cooper et al. (2005) Development
132:4407-4417; Cheung et al. (2009) Sci. Signal. 2:ra29; Endoh-Yamagami et al. (2009) Curr.
Biol. 19:1320-1326; Liem et al. (2009) Proc. Natl. Acad. Sci. USA 106:13377-13382; and Svard et
al. (2006) Dev. Cell 10:187-197). They interact directly with GLI proteins and control their
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processing, stabilization, as well as subcellular distribution (see, e.g., Kogerman et al. (1999) Nat.
Cell Biol. 1:312-319; Barnfield et al. (2005) Differentiation 73:397-405; Chen et al. (2009) Genes
Dev. 23:1910-1928; Wang et al. (2010) Development 137:2001-2009; Tukachinsky et al. (2010) J.
Cell. Biol. 191:415-428; and Humke et al. (2010) Genes Dev. 24:670-682. The SUFU polypeptide
is involved in downregulating GLI1-mediated transcription of target genes. It can be part of a
corepressor complex that acts on DNA-bound GLI1. It can also sequester GLI1, GLI2, and GLI3
in the cytoplasm, and it may also act by targeting GLI1 to degradation. It is ubiquitous in adult
tissues, and is present in the nucleus and cytoplasm. See, e.g., Stone et al. (1999) J. Cell. Sci.
112:4437-4448; Kogerman et al. (1999) Nat. Cell. Biol. 1:312-319; Murone et al., (2000) Nat. Cell.
Biol. 2:310-312; and Chi et al. (2012) Cell. Signal. 24:1222-1228. A summary of SHH signaling in
humans is provided in Villavicencio et al. (2000) Am. J. Hum. Genet. 67:1047-1054.

The human genomic sequence of SUFU is set forth in SEQ ID NO: 1. An exemplary
coding region of SUFU is set forth in SEQ ID NO: 2, and the amino acid sequence of SUFU is set
forth in SEQ ID NO: 6. It will be appreciated by those skilled in the art that DNA sequence
polymorphisms may exist within a population (e.g., the human population). Such genetic
polymorphisms in a polynucleotide comprising the SUFU gene as set forth in SEQ ID NO: 3, 4,
and 5 may exist among individuals within a population due to natural allelic variation. As used
herein, reference to a SUFU gene, genomic sequence, mRNA, or polynucleotide encompasses such
natural variations, as does reference to a SUFU protein or polypeptide. Likewise, it will be
appreciated by those skilled in the art that various isoforms of SUFU can exist. As used herein,
reference to a SUFU gene, genomic sequence, mRNA, or polynucleotide encompasses such
isoforms, as does reference to a SUFU protein or polypeptide.

As used herein, a decrease in SUFU mRNA expression or activity or a decrease in SUFU
protein expression or activity refers to any statistically significant reduction in expression or
activity levels when compared to an appropriate control. Such a decrease includes a reduction of at
least about 5%, 10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%, 90%, 95%., 99%, or greater when
compared to an appropriate control. Statistical significance means p < 0.05. A decrease in
expression or activity can occur via any mechanism at any stage. For example, a decrease in
expression could occur via events or regulation that occurs during transcription, post-transcription,
during translation, or post-translation. ’

As used herein, an increase in SUFU mRNA expression or activity or an increase in SUFU
protein expression or activity refers to any statistically significant increase in expression or activity

levels when compared to an appropriate control. Such an increase includes an increase of at least
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about 5%, 10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%, 90%, 95%, 99%, 100%, 200%, or greater
when compared to an appropriate control. Statistical significance means p < 0.05. An increase in
expression or activity can occur via any mechanism at any stage. For example, an increase in
expression could occur via events or regulation that occurs during transcription, post-transcription,
during translation, or post-translation. .

The level and/or activity of SUFU mRNA and/or SUFU protein in a given subject is
compared to a reference level. The term "reference level" is intended to mean a threshold
expression or activity level in a control subject or control subject population. A reference level will
depend on the assay performed and can be determined by one of ordinary skill in the art. A
reference level may be a baseline level. In some embodiments, a reference level is the average
expression or activity level of SUFU mRNA or SUFU protein in a random population of subjects.
In some embodiments, multiple reference levels can be used. For example, a first reference level
can be based on the average expression or activity level of SUFU mRNA or SUFU protein in one
or more subjects with increased risk for developing a particular complication upon receiving an
organ or tissue transplantation, and a second reference level can be based on the average expression
or activity level in one or more subjects with decreased risk.

Although any method can be used to assay for a decreased expression or activity level, the
expression or activity level of SUFU mRNA and/or SUFU protein is assayed in some specific
embodiments by detecting in the genome of a subject the rs17114808 marker locus. “Marker” or
“molecular marker” or “marker locus” is a term used to denote a nucleic acid or amino acid
sequence that is sufficiently unique to characterize a specific locus in the genome. Any detectable
polymorphic trait can be used as a marker so long as it is inherited differentially and exhibits
linkage disequilibrium with a phenotypic trait of interest. The rs17114808 can be referred to as a
single-nucleotide polymorphism (SNP). The term “polymorphism” refers to the occurrence of two
or more alternative genomic sequences or alleles between or among different genomes or
individuals. The term “single-nucleotide polymorphism” refers to a site of one nucleotide that
varies between alleles.

An individual is “homozygous” if the individual has only one type of allele at a given locus
(e.g., adiploid individual has a copy of the same allele at a locus in each of two homologous
chromosomes). An individual is “heterozygous” if more than one allele type is present at a given
locus (e.g., a diploid individual with one copy each of two different alleles).

“Allele” means any of one or more alternative forms of a genetic sequence. In a diploid cell

or organism, the two alleles of a given sequence typically occupy corresponding loci on a pair of
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homologous chromosomes. With regard to a SNP marker, allele refers to the specific nucleotide
base present at that SNP locus in an individual.

As demonstrated herein, the rs17114808 marker locus is associated with susceptibility to
GVHD that can arise following an organ or tissue transplantation. Subjects who are homozygous
for a C-allele at rs17114808
(ACTGTTACAATACTTCAAGATCACTCTTTACACCTCTTCAAAGCAAAGTCAT) (SEQ ID
NO: 4) have lower SUFU mRNA and SUFU protein levels and an increased risk for acute GVHD.
In contrast, subjects who are homozygous for a T-allele at rs17114808
(ACTGTTATAATACTTCAAGATCACTCTTTACACCTCTTCAAAGCAAAGTCAT) (SEQID
NO: 3) and subjects who are heterozygous (T-allele and C-allele) have higher levels of SUFU
mRNA and SUFU protein and a decreased risk for acute GVHD.

“Linkage” refers to a phenomenon wherein alleles on the same chromosome tend to
segregate together more often than expected by chance if their transmission was independent.
Genetic recombination occurs with an assumed random frequency over the entire genome. Genetic
maps are constructed by measuring the frequency of recombination between pairs of traits or
markers. The closer the traits or markers are to each other on the chromosome, the lower the
frequency of recombination, and the greater the degree of linkage. Traits or markers are considered
herein to be linked if t‘hey generally co-segregate. A 1/100 probability of recombination per
generation is defined as a map distance of 1.0 centiMorgan (1.0 cM). The genetic elements or
genes located on a single chromosome segment are physically linked. Two loci can be located in
close proximity such that recombination between homologous chromosome pairs does not occur
between the two loci during meiosis with high frequency, e.g., such that linked loci co-segregate at
least about 90% of the time, e.g., 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, 99.5%,
99.75%, or more of the time. The genetic elements located within a chromosome segment are also
genetically linked, typically within a genetic recombination distance of less than or equal to 50
centiMorgans (cM), e.g., about 49, 40, 30, 20, 10, 5, 4, 3,2, 1, 0.75, 0.5, or 0.25 cM or less. That
is, two genetic elements within a single chromosome segment undergo recombination during
meiosis with each other at a frequency of less than or equal to about 50%, e.g., about 49%, 40%,
30%, 20%, 10%, 5%, 4%, 3%, 2%, 1%, 0.75%, 0.5%, or 0.25% or less. “Closely linked” markers
display a cross over frequency with a given marker of about 10% or less (the given marker is within
about 10cM of a closely linked marker). Put another way, closely linked loci co-segregate at least
about 90% of the time. Genetic linkage as evaluated by recombination frequency is impacted by the

chromatin structure of the region comprising the loci. Typically, the region is assumed to have a
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euchromatin structure during initial evaluations. However, some regions, such are regions closer to
centrosomes, have a heterochromatin structure. Without further information, the predicted physical
distance between genetic map positions is based on the assumption that the region is euchromatic,
however if the region comprises heterochromatin the markers may be physically closer together.
With regard to physical position on a chromosome, closely linked markers can be separated, for
example, by about 1 megabase (Mb; 1 million nucleotides), about 500 kilobases (Kb; 1000
nucleotides), about 400 Kb, about 300 Kb, about 200 Kb, about 100 Kb, about 50 Kb, about 25 Kb,
about 10 Kb, about 5 Kb, about 2 Kb, about 1 Kb, about 500 nucleotides, about 250 nucleotides, or
less.

In other specific embodiments, expression or activity level of SUFU mRNA and/or SUFU
protein is assayed by detecting in the genome of a subject a marker locus that is closely linked to
the rs17114804 marker locus or a marker locus that is in complete linkage disequilibrium with the
rs17114808 marker locus. The term “linkage disequilibrium” refers to the nonrandom association
between two or more alleles at two or more loci such that certain combinations of alleles are more
likely to occur together on a chromosome than other combinations of alleles. In other words, it
refers to the occurrence in a population of two linked alleles at a frequency higher or lower than
expected relative to the allele frequencies at the corresponding loci. For example, linked loci can
co-segregate more than 50% of the time or up to 100% of the time. A second marker locus that is
in “complete linkage disequilibrium” with a first marker locus is one that cannot be distinguished
from the first marker locus (i.e., the markers have not been separated by recombination and are
transmitted/co-inherited together approximately 100% of the time).

An example of a marker locus in complete linkage disequilibrium with the rs17114808
marker locus is the rs17114803 marker locus. The rs17114803 marker locus is located on

chromosome 10 and is a coding synonymous SNP in the SUFU gene.

1. Detecting SUFU Activity

Various methods and compositions for detecting SUFU activity are provided. Such
methods can include assaying for known functions and capabilities of SUFU, such as those within
the SHH signaling pathway. Such functions (examples of which are described above) are known,
as are assays for testing them. For example, one readout of SUFU activity could be a reporter assay
measuring SUFU-mediated inhibition of GLI-mediated transcription.

Other methods of detecting SUFU activity can rely on assaying for SUFU regulation of

SHH-mediated regulation of GVHD, as demonstrated in the Examples. For example, decreasing

-16 -




10

15

30

WO 2016/196478 PCT/US2016/035041

expression of SUFU through silencing increases the expression of HLA-DR in antigen-presenting
cells, whereas increasing expression of SUFU through ectopic expression decreases the expression
of HLA-DR. Similarly, SUFU overexpression inhibits allogeneic T-cell proliferation, whereas
silencing of SUFU increases it. Assays measuring these functional readouts are examples of

methods of detecting SUFU activity.

ii. Detecting SUFU Polynucleotides

Various methods and compositions for detecting the mRNA levels of SUFU or for detecting
the rs17114808 marker locus in the genomic DNA of a subject are provided.

In one embodiment, a method is provided for assaying a biological sample from a subject
for the rs17114808 marker locus or a marker locus in complete linkage disequilibrium with the
rs17114808 marker locus. Homozygosity with cytosine at rs17114808 indicates an increased risk
for transplant rejection or GVHD, and heterozygosity with cytosine and thymine at rs17114808 or
homozygosity with thymine at rs17114808 indicates decreased risk for transplant rejection or
GVHD. _

It is further recognized that the rs17114808 marker locus may be detected along with other
markers in a multiplex or panel format. Markers are selected for their predictive value alone or in
combination with the rs17114808 marker locus. Ultimately, the information provided by the
methods disclosed herein will assist a physician in choosing the best course of treatment for a
particular patient.

As used herein, the use of the term “polynucleotide” is not intended to limit the present
invention to polynucleotides comprising DNA. Those of ordinary skill in the art will recognize that
polynucleotides, can comprise ribonucleotides and combinations of ribonucleotides and
deoxyribonucleotides. Such deoxyribonucleotides and ribonucleotides include both naturally
occurring molecules and synthetic analogues. The polynucleotides of the invention also encompass
all forms of sequences including, for example, single-stranded forms, double-stranded forms,
hairpins, stem-and-loop structures, and the like.

The term "gene" refers to a nucleic acid (e.g., DNA) sequence that comprises coding
sequences necessary for the production of a polypeptide, precursor, or RNA (e.g., rRNA, tRNA).
The term also encompasses the coding region of a structural gene and the sequences located
adjacent to the coding region on both the 5' and 3' end which allow for the expression of the
sequence. Sequences located 5' of the coding region and present on the mRNA are referred to as 5'

non-translated sequences. Sequences located 3' or downstream of the coding region and present on
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the mRNA are referred to as 3' non- translated sequences. A genomic form or clone of a gene
contains the coding region interrupted with non-coding sequences termed "introns" or "intervening
regions” or "intervening sequences." Introns are segments of a gene that are transcribed into
nuclear RNA (hnRNA); introns may contain regulatory elements such as enhancers. Introns are
removed or "spliced out" from the nuclear or primary transcript; introns therefore are absent in the
mature messenger RNA (mRNA) transcript. The mRNA functions during translation to specify the
sequence or order of amino acids in a nascent polypeptide.

As used herein, the “nucleic acid complement” of a sample comprises any polynucleotide
contained in the sample. The nucleic acid complement that is employed in the methods and
compositions disclosed herein can include all of the polynucleotides contained in the sample or any
fraction thereof. For example, the nucleic acid complement could comprise the genomic DNA
and/or the mRNA and/or cDNAs of a given biological sample. Thus, the rs17114808 marker locus
can be detected in the genomic DNA or, alternatively, the level and/or activity of SUFU mRNA or
SUFU protein can be detected through the transcribed products thereof.

It is recognized that a biological sample can be processed differently depending on the assay
being employed to detect the level and/or activity of SUFU mRNA or SUFU protein. For example,
when detecting the rs17114808 marker locus, preliminary processing designed to isolate or enrich
the sample for the genomic DNA can be employed. A variety of techniques known to those of
ordinary skill in the art may be used for this purpose. When detecting the level of SUFU mRNA,
different techniques can be used enrich the biological sample with mRNA. Various methods to
detect the level of mRNA or the presence of the rs17114808 locus can be used.

As used herein, a “probe” is an isolated polynucleotide attached to a conventional detectable
label or reporter molecule, such as a radioactive isotope, ligand, chemiluminescent agent, enzyme,
or the like. Such a probe is complementary to a strand of a target polynucleotide, such as a
polynucleotide comprising the rs17114808 marker locus or a polynucleotide that can detect SUFU
mRNA. Deoxyribonucleic acid probes may include those generated by PCR using SUFU
mRNA/cDNA specific primers or rs17114808 markers, oligonucleotide probes synthesized in vitro,
or DNA obtained from bacterial artificial chromosome, fosmid, or cosmid libraries. Probes include
not only deoxyribonucleic or ribonucleic acids but also polyamides and other probe materials that
can specifically detect the presence of a target DNA sequence. For nucleic acid probes, examples
of detection reagents include, for example, radiolabeled probes, enzymatic labeled probes (e.g.,
horse radish peroxidase and alkaline phosphatase), affinity labeled probes (e.g., biotin, avidin, and

steptavidin), and fluorescent labeled probes (e.g., 6-FAM, VIC, TAMRA, MGB, fluorescein,
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rhodamine, and texas red [for BAC/fosmids]). One skilled in the art will readily recognize that the
nucleic acid probes described in the present invention can readily be incorporated into one of the
established kit formats which are well known in the art.

As used herein, “primers” are isolated polynucleotides that are annealed to a complementary
target DNA strand by nucleic acid hybridization to form a hybrid between the primer and the target
DNA strand and then be extended along the target DNA strand by a polymerase (e.g., a DNA
polymerase). Primer pairs of the invention refer to their use for amplification of a target
polynucleotide (e.g., by the polymerase chain reaction (PCR) or other conventional nucleic-acid
amplification methods). “PCR?” or “polymerase chain reaction” is a technique used for the
amplification of specific DNA segments (see U.S. Pat. Nos. 4,683,195 and 4,800,159, herein
incorporated by reference).

Probes and primers are of sufficient nucleotide length to bind to the target DNA sequence
and specifically detect and/or identify a polynucleotide comprising the rs17114808 marker locus or
comprising SUFU mRNA. 1t is recognized that the hybridization conditions or reaction conditions
can be determined by the operator to achieve this result. This length may be of any length that is of
sufficient length to be useful in a detection method of choice. Generally, 8, 11, 14, 16, 18, 20, 22,
24, 26, 28, 30, 40, 50, 75, 100, 200, 300, 400, 500, 600, or 700 nucleotides or more, or between
about 11-20, 20-30, 30-40, 40-50, 50-100, 100-200, 200-300, 300-400, 400-500, 500-600, 600-700,
700-800, or more nucleotides in length are used. Such probes and primers can hybridize
specifically to a target sequence under high stringency hybridization conditions. Probes and
primers according to specific embodiments may have complete DNA sequence identity of
contiguous nucleotides with the target sequence, although probes differing from the target DNA
sequence and that retain the ability to specifically detect and/or identify a target DNA sequence
may be designed by conventional methods. Accordingly, probes and primers can share about 80%,
85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or greater sequence identity or
complementarity to the target polynucleotide. Probes can be used as primers, but are generally
designed to bind to the target DNA or RNA and are not used in an amplification process.

Specific primers can be used to amplify the rs17114808 marker locus and or SUFU mRNA
to produce an amplicon that can be used as a “specific probe” or can itself be detected for
identifying the rs17114808 marker locus or for determining the level of SUFU mRNA in a
biological samplie. When the probe is hybridized with the polynucleotides of a biological sample
under conditions that allow for the binding of the probe to the sample, this binding can be detected

and thus allow for an indication of the presence of the level of the SUFU expression in the
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biological sample. Such identification of a bound probe has been described in the art. The specific
probe may comprise a sequence of at least 80%, between 80% and 85%, between 85% and 90%,
between 90% and 95%, and between 95% and 100% identical (or complementary) to a specific
region of the SUFU gene, mRNA, or cDNA.

As used herein, “amplified DNA” or “amplicon” refers to the product of polynucleotide
amplification of a target polynucleotide that is part of a nucleic acid template. For example, to
determine whether the nucleic acid complement of a biological sample comprises the C-allele or
the T-allele of the rs17114808 marker locus, the nucleic acid complement of the biological sample
may be subjected to a polynucleotide amplification method using a primer pair that includes a first
primer derived from the 5' flanking sequence adjacent to the rs17114808 marker locus and a second
primer derived from the 3' flanking sequence adjacent to the rs17114808 marker locus to produce
an amplicon that is diagnostic for the presence of the C-allele or the T-allele of the rs17114808
marker locus. By “diagnostic” for the rs17114808 marker locus is intended the use of any method
or assay which discriminates between the T-allele and the C-allele of the rs17114808 marker locus
in a biological sample. The amplicon is of a length and has a sequence that is also diagnostic for
the rs17114808 marker locus. In some cases, the amplicon may range in length from the combined
length of the primer pairs plus one nucleotide base pair to any length of amplicon producible by a
DNA amplification protocol. A member of a primer pair derived from the flanking sequence may
be located a distance from the junction or breakpoint. This distance can range from one nucleotide
base pair up to the limits of the amplification reaction, or about twenty thousand nucleotide base
pairs. The use of the term “amplicon” specifically excludes primer dimers that may be formed in
the DNA thermal amplification reaction.

Methods for preparing and using probes and primers are described, for example, in
Molecular Cloning: A Laboratory Manual, 2.sup.nd ed, vol. 1-3, ed. Sambrook ef al., Cold Spring
Harbor Laboratory Press, Cold Spring Harbor, N.Y. 1989 (hereinafter, “Sambrook et al., 1989”);
Current Protocols in Molecular Biology, ed. Ausubel et al., Greene Publishing and Wiley-
Interscience, New York, 1992 (with periodic updates) (hereinafter, “Ausubel et al., 1992”); and
Innis er al., PCR Protocols: A Guide to Methods and Applications, Academic Press: San Diego,
1990. PCR primer pairs can be derived from a known sequence, for example, by using computer
programs intended for that pu'rpose such as the PCR primer analysis tool in Vector NTI version 10
(Informax Inc., Bethesda Md.); PrimerSelect (DNASTAR Inc., Madison, Wis.); and Primer3
(Version 0.4.0.COPYRGT., 1991, Whitehead Institute for Biomedical Research, Cambridge,
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Mass.). Additionally, the sequence can be visually scanned and primers manually identified using
guidelines known to one of skill in the art.

As outline in further detail below, any conventional nucleic acid hybridization or
amplification or sequencing method can be used to specifically detect the presence of the
rs17114808 marker locus and/or the level of the SUFU mRNA. By “specifically detect” is
intended that the polynucleotide can be used either as a primer to amplify a region of the SUFU
polynucleotide or the polynucleotide can be used as a probe that hybridizes under stringent
conditions to a polynucleotide comprising the rs17114808 marker locus or a polynucleotide
comprising the SUFU mRNA or cDNA. By “shares sufficient sequence identity or
complementarity to allow for the amplification of a rs17114808 marker locus or a SUFU
polynucleotide” is intended the sequence shares at least 80%, 85%, 90%, 91%, 92%, 93%, 94%,
95%, 96%, 97%, 98%, 99%, or 100% identity or complementarity to a fragment or across the full
length of the rs17114808 marker locus or to the SUFU polynucleotide.

A variety of nucleic acid techniques known to those of ordinary skill in the art, including,
for example, nucleic acid sequencing, nucleic acid hybridization, and nucleic acid amplification.
Nucleic acid hybridization includes methods using labeled probes directed against purified DNA,
amplified DNA, and fixed leukemia cell preparations (fluorescence in situ hybridization).
[llustrative examples of nucleic acid sequencing techniques include, for example, chain terminator
(Sanger) sequencing and dye terminator sequencing. Chain terminator sequencing uses sequence-
specific termination of a DNA synthesis reaction using modified nucleotide substrates. Extension
is initiated at a specific site on the template DNA by using a short radioactive (or otherwise labeled)
oligonucleotide primer complementary to the template at that region. The oligonucleotide primer is
extended using a DNA polymerase, standard four deoxynucleotide bases, and a low concentration
of one chain terminating nucleotide, most commonly a di-deoxynucleotide. This reaction is
repeated in four separate tubes with each of the bases taking turns as the di- deoxynucleotide.
Limited incorporation of the chain terminating nucleotide by the DNA polymerase results in a
series of related DNA fragments that are terminated only at positions where that particular di-
deoxynucleotide is used. For each reaction tube, the fragments are size-separated by
electrophoresis in a slab polyacrylamide gel or a capillary tube filled with a viscous polymer. The
sequence is determined by reading which lane produces a visualized mark from the labeled primer
as you scan from the top of the gel to the bottom. Dye terminator sequencing alternatively labels

the terminators. Complete sequencing can be performed in a single reaction by labeling each of the
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di-deoxynucleotide chain—termiﬁators with a separate fluorescent dye, which fluoresces at a
different wavelength.

The present invention further provides methods for identifying nucleic acids which do not
necessarily require sequence amplification and are based on, for example, the known methods of
Southern (DNA:DNA) blot hybridizations, in situ hybridization, and FISH of chromosomal
material, using appropriate probes. b

In situ hybridization (ISH) is a type of hybridization that uses a labeled complementary
DNA or RNA strand as a probe to localize a specific DNA or RNA sequence in a portion or section
of tissue (in situ), or, if the tissue is small enough, the entire tissue (whole mount ISH). DNA ISH
can be used to determine the structure of chromosomes. Sample cells and tissues are usually
treated to fix the target transcripts in place and to increase access of the probe. The probe
hybridizes to the target sequence at elevated temperature, and then the excess probe is washed
away. The probe that was labeled with either radio-, fluorescent- or antigen-labeled bases is
localized and quantitated in the tissue using autoradiography, fluorescence microscopy, or
immunohistochemistry, respectively. ISH can also use two or more probes, labeled with
radioactive or non-radioactive labels, to simultancously detect two or more transcripts. In some
embodiments, fluorescence in situ hybridization (FISH) is employed.

In specific embodiments, probes for detecting the rs17114808 marker locus or SUFU
polynucleotides are labeled with appropriate fluorescent or other markers and then used in
hybridizations. The Examples section provided herein sets forth various protocols that are effective
for detecting the genomic abnormalities, but one of skill in the art will recognize that many
variations of these assays can also be used. Specific protocols are well known in the art and can be
readily adapted for the present invention. Guidance regarding methodology may be obtained from
many references including: In situ Hybridization: Medical Applications (eds. G. R. Coulton and J.
de Belleroche), Kluwer Academic Publishers, Boston (1992); In situ Hybridization: hi
Neurobiology; Advances in Methodology (eds. J. H. Eberwine, K. L. Valentino, and J. D. Barchas),
Oxford University Press Inc., England (1994); In situ Hybridization: A Practical Approach (ed. D.
G. Wilkinson), Oxford University Press Inc., England (1992)); Kuo et al. (1991) Am. J. Hum.
Genet. 42:112-119; Klinger et al. (1992) Am. J. Hum. Genet. 51:55-65; and Ward et al. (1993) Am.
J. Hum. Genet. 52:854-865). There are also kits that are commercially available and that provide
protocols for performing FISH assays (available from e.g., Oncor, Inc., Gaithersburg, MD). Patents
providing guidance on methodology include U.S. 5,225,326; 5,545,524 6,121,489 and 6,573,043.

All of these references are hereby incorporated by reference in their entirety and may be used along
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with similar references in the art and with the information provided in the Examples section herein
to establish procedural steps convenient for a particular laboratory.

Southern blotting can be used to detect specific DNA sequences. In such methods, DNA
that is extracted from a sample is fragmented, electrophoretically separated on a matrix gel, and
transferred to a membrane filter. The filter bound DNA is subject to hybridization with a labeled
probe complementary to the sequence of interest. Hybridized probe bound to the filter is detected.

In hybridization techniques, all or part of a polynucleotide that selectively hybridizes to a
target polynucleotide comprising the SUFU polynucleotide or the rs17114808 marker locus is
employed. “Stringent conditions” or “stringent hybridization conditions,” when referring to a
polynucleotide probe, is intended to refer to conditions under which a probe will hybridize to its
target sequence to a detectably greater degree than to other sequences (e.g., at least 2-fold over
background). Stringent conditions are sequence-dependent and will be different in different
circumstances. By controlling the stringency o