
Mitochondrial mutations and rearrangements as a diagnostic tool for the
detection of sun exposure, prostate cancer and other cancers Technical
Field of the Invention This invention is related to the field of
mitochondnal genomics. In particular it is related to mutations and
rearrangements m the mitochondnal genome and their utility as an indicator
of sun exposure, agmg, and the genesis or existence of disease, for example
detecting the presence of preneoplasia, neoplasm and progression towards
potential malignancy before common clinical symptoms are evident.
Background of the Invention The current mega-trend in the biological
sciences is the human genome project, and commercial exploitation of the
data. However, there is an exceptional limitation to the use and
implementation of this information as the data is not specific at the level
of the individual. Incredibly the data is from only a few individuals,
hardly representative of the variation present m human populations,
rendering the data useful in general applications only. The staggering
complexity of the human genome makes application on an individual basis
impractical. To sequence completely one human nuclear genome the U.S.
Department of Energy and the National Institute of Health have invested 2.5
billion dollars since 1988 (http://www.ornl.gov/hgmis/project/budget.html).
Mitochondrial Genome The mitochondnal genome is a compact yet cntical
sequence of nucleic acid. The mitochondnal genome codes for enzyme subunits
necessary for cellular respiration. Mitochondrial DNA, or "mtDNA", is a
minuscule genome of nucleic acid at 16,569 base pairs (bp) Anderson et al.,
1981; Andrews et al., 1999) m contrast to the immense nuclear genome of 3.3
billion bp. Its genetic complement is astronomically smaller than that of
its nuclear cell mate (0.0005%). However, individual cells carry anywhere
from 103 to 104 mitochondria depending on specific cellular function (Singh
and Modica-Napolitano 2002). Communication or chemical signalling,
routinely occur between the nuclear and mitochondrial genomes (Sherratt et
al., 1997) Moreover, specific nuclear components are responsible for
maintenance and integrity of mitochondnal sequence (Croteau et al , 1999).
When these nuclear areas are rendered non-functional by nuclear
rearrangements indicative of potential disease, then mutations begin to
appear m mtDNA sequences. In addition, specific mitochondna may be
identified for intracellular destruction by deletions prompted by somatic
mutations in the mitochondrial genome. This theoretical mechanism may serve
as an indication of impending disease as well. About 3,000 genes are
required to make a mitochondnon, with only thirty-seven of these coded by
the mitochondnal genome, indicating heavy mitochondnal dependence on
nuclear loci (Naviaux, 1997). All mitochondrial DNA (mtDNA) genomes in a
given individual are identical given the clonal expansion of mitochondria
within the ovum, once fertilization has occurred. The essential roleof
mtDNA is the generation of the cellular fuel, adenosine triphosphate (ATP),
which fires cellular metabolism. Significantly, the mitochondrial genome is
dependent on seventy nuclear encoded proteins to accomplish the oxidation
and reduction reactions necessary to this vital function, in addition to
the thirteen polypeptides supplied by the mitochondrial genome (Leonard and
Shapira, 1997). Different tissues and organs depend on oxidative
phosphorylation to a varied extent. Diseases related to defective oxidative
phosphorylation (OXPHOS) appear to be closely linked to mtDNA mutations
(Byrne, 1992). Consequently as OXPHOS diminishes due to increased seventy
of mtDNA mutations, organ specific energetic thresholds are exceeded which
give rise to a variety of clinical phenotypes. Moreover, mutations in the
mitochondpal genome are associated with a variety of chronic, degenerative
diseases (Gattermann et al. 1995). It is well known that aging and specific
types of pathology can alter, or mutate mtDNA compromising the energy
production capacity of the cell. This often results in over-expression of
defective mitochondria, and/or the cell supplementing the lack of ATP by
becoming more glycolytic (Carew and Huang, 2002); therefore, changes or
mutations, in the mitochondrial genome can be used as markers for disease
genesis and/or disease progression, when monitored at successive intervals.
Recently, Fhss et al. (2000) found, in primary tumors from lung and bladder
cancer, a high frequency of mtDNA mutations which were predominantly
homoplasmic in nature, indicating that the mutant mtDNA was dominant in the
malignant cells. Point mutations and deletions would appear to be the
non-programmed but unavoidable side effect of oxygen free radical damage to
the membrane and genome of mitochondria (Miquel et al. 1992). This theory
is plausible because not only is the mitochondpal genome lacking protective
histones, but also is vulnerable to oxidative damage being found near the
oxygen generating inner mitochondpal membrane. Moreover, as mtDNA has a
compact genome and lacks lntrons, deletepous events are thus likely to
affect a coding sequence resulting in a biochemical dysfunction. This
dysfunction will further increase cellular oxidative stress which will lead
to nuclear as well as mtDNA damage, thereby increasing the potential for a
cell to enter into the cancer process (Penta et al., 2001). In this
respect, research indicates that with increasing age there is an increase
in mtDNA damage (Cortopassi & Wang 1995) and a subsequent decline in
respiratory function (Miquel et al. 1992) leading to eventual cell death.
MtDNA as a Diagnostic Tool MtDNA sequence dynamics are important diagnostic
tools. Mutations in mtDNA are often preliminary indicators of developing
disease, often associated with nuclear mutations, and act as biomarkers
specifically related to disease, such as but not limited to: tissue damage
and cancer from smoking and exposure to second hand tobacco smoke (Lee et
al., 1998; Wei, 1998); longevity, based on accumulation of mitochondpal
genome mutations beginning around 20 years of age and increasing thereafter
(von Wurmb, 1998); metastatic disease caused by mutation or exposure to
carcinogens, mutagens, ultraviolet radiation (Birch-Machm, 2000);
osteoarthritis; cardiovascular, Alzheimer, Parkinson disease (Shoffner et
al., 1993; Sherratt et al., 1997;Zhang et al, 1998); age associatedhearing
loss (Seidman et al., 1997); optic nerve degeneration and cardiac
dysrhythmia (Brown et al., 1997; Wallace et al., 1988); chronic progressive
external exophthalmoplegia (Taniike et al., 1992); atherosclerosis
(Bogliolo et al., 1999); papillary thyroid carcinomas and thyroid tumours
(Yeh et al., 2000); as well as others (e.g. Naviaux, 1997; Chinnery and
Turnbull, 1999;). Mutations at specific sites of the mitochondrial genome
can be associated with certain diseases. For example, mutations at 4216,
4217 and 4917 are associated with Leber's Hereditary Optic Neuropathy
(LHON) (Mitochondrial Research Society; Huoponen (2001); MitoMap). A
mutation at 15452 was found in 5/5 patients to be associated with ubiquinol
cytochrome c reductase (complex III) deficiency (Valnot et all 999).
However, mutations at these sites were not found to be associated with
prostate cancer. Specifically, these alterations include point mutations
(transitions, transversions), deletions (one base to thousands of bases),
inversions, duplications, (one base to thousands of bases), recombinations
and insertions (one base to thousands of bases). In addition, specific base
pair alterations, deletions, or combinations of are associated with early
onset of prostate, skin, and lung cancer, as well as aging (e.g. Polyak et
al., 1998), premature aging, exposure to carcinogens (Lee et al., 1998),
etc. 



Since mtDNA is passed to offspring exclusively through the ovum, it is
imperative to understand mitochondrial sequences through this means of
inheritance. The sequence of mtDNA varies widely between maternal lineages
(Ward et al., 1991), hence mutations associated with disease must be
clearly understood in comparison to this variation. For example, a specific
T to C transition noted in the sequence of several individuals, associated
with a specific cancer, could in reality be natural variation in a maternal
lineage widespread in a given particular geographical area or associated
with ethnicity. For example, Native North Americans express an unusually
high frequency of adult onset diabetes. In addition, all North American
Natives are genetically characterized by five basic maternal lineages
designated A, B, C, D, and X (Schurr et al., 1990; Stone and Stoneking,
1993; Smith et al., 1999). Lineage A is distinguished by a simple point
mutation resulting in a Hae III site at bp 663 in the mitochondrial genome,
yet there is no causative relationship between this mutation and the adult
onset of diabetes. In addition, even within lineage clusters there is
sequence variation. Outside of the specific markers associated with a
particular lineage there is more intrapopulation variation than
interpopulation sequence variation (Easton et al., 1996; Ward et al., 1991,
1993;) This divergence must be understood for optimal identification of
disease associated mutations, hence a maternal line study approach (Parsons
et al., 1997), mimicking the strengths of a longitudinal design (i.e.
subject tracking over a substantial period of time), must be used to
identify mutations directly associated with disease, as opposed to
mutations without disease association. Moreover, particular substances,
such as second hand tobacco smoke, low levels of asbestos, lead, all known
mutagens and at low levels in many environments, may be the cause of
specific point mutations, but not necessarily a disease specific marker.
Hence, a substantial mtDNA sequencedatabase is a clear prerequisite to
accurate forecasting of potential disease as a natural process, or through
exposure to causative agents. Furthermore, the entire molecule must be
sequenced for its full information content. The entire suite of point
mutations (transitions, transversions), deletions (one base to thousands of
bases), inversions, duplications, (one base to thousands of bases),
recombinations and insertions (one base to thousands of bases) must be
characterized as a whole over the entire mitochondrial genome. This ensures
that all possible information available in the mitochondrial genome is
captured. Although the genome of cytoplasmic mitochondria (16,569bp) has
been sequenced at an individual level, like its nuclear counterpart, the
mitochondrial genome has not been sequenced at a population level for use
as a diagnostic tool. Recently mitochondria have been implicated in the
carcinogenic process because of their role in apoptosis and other aspects
of tumour biology (Green & Reed, 1998, Penta et al., 2001), in particular
somatic mutations of mtDNA (mtDNA) have been observed in a number of human
tumours (Habano et al. 1998; Polyak et al. 1998; Tamura et al. 1999; Fliss,
et al. 2000). These latter findings were made more interesting by the
claims that the particular mtDNA mutations appeared to be homoplasmic
(Habano et al. 1998; Polyak et al.1998; Fliss, et al. 2000). Additionally
researchers have found that ultraviolet radiation (UV) is important in the
development and pathogenesis of nonmelanoma skin cancer (NMSC) (Weinstock
1998; Rees, 1998) and UV induces mtDNA damage in human skin (Birch-Machin,
2000a). Moreover, through time, mitochondrial sequence loses integrity. For
example, the 4977bp deletion increases in frequency with age (Fahn et al.,
1996). Beginning at age 20, this deletion begins to occur in small numbers
of mitochondria. By age 80, a substantial number of molecules have been
deleted. This deletion characterizes the normal aging process, and as such
serves as a biomarker for this process. Quantification of this aging
process may allow medical or other interventions to slow the process. This
application of mitochondrial genomics to medicine has been overlooked
because mtDNA has been used primarily as a tool in population genetics and
more recently in forensics; however, it is becoming increasingly evident
that the information content of mtDNA has substantial application in the
field of medical diagnostics. Moreover, sequencing the entire complement of
mtDNA was a laborious task before the recent advent of high capacity,
high-throughput robotic DNA sequencing systems. In addition, population
geneticists were able to gather significant data from two highly variable
areas in the control region; however, these small regions represent a small
portion of the overall genome, less than 10%, meaning that 90% of the
discriminating power of the data is left unused. Significantly, many
disease associated alterations are outside of the control region. The
character of the entire genome should be considered to include all sequence
information for accurate and highly discriminating diagnostics.Non-Melanoma
Skin Cancer Human non-melanoma skm cancer (NMSC) is the commonest cancer in
many Caucasian populations (Wemstock, 1998; Rees, 1998). The majority of
these tumours are basal cell carcinoma (BCC) and squamous cell carcinoma
(SCC). BCCs are locally invasive and can cause significant morbidity but
rarely metastasis. SCCs show significant metastatic potential and the
occurrence of multiple NMSCs in patients with immunosuppression causes
significant management problems (Rees, 1998). While there are no clinically
identified pre-mahgnant lesions for BCC, some SCCs are thought to arise
from precursor lesions, namely actinic keratoses (AKs) or areas of Bowen's
disease (in situ carcmoma)(Rees, 1998). SCCs show loss of heterozygosity
affecting several chromosomes which suggests the involvement of several
tumour suppressor genes in their development. Interestingly, in AKs, an
equal or greater degree of genetic loss is observed in these precursor
lesions compared to SCCs (Rehman et al. 1994; Rehman et al. 1996). This is
important for the proposed invention because it suggests that other
mechanisms, in addition to mactivation of tumour suppressor genes, are
likely to be involved in the development of SCCs. A role for mitochondria m
tumoupgenesis was originally hypothesised when tumour cells were found to
have an impaired respiratory system and high glycolytic activity (Shay &
Werbin, 1987). Recent findings elucidating the role of mitochond pa in
apoptosis (Green & Reed, 1998) together with the high incidence of
homoplasmic mtDNA mutations m colon cancer (Habano et al. 1998; Polyak et
al. 1998, reviewed in Penta et al., 2001), primary rumours of the bladder,
neck and lung (Fliss et al. 2000), and gastric tumours (Tamura et al.
1999), further support this hypothesis. Furthermore, it has been proposed
that these mitochondrial mutations may affect the levels of reactive oxygen
species (ROS) which have been shown to be highly mitogenic (Polyak et al.
1998; Li et al. 1997). Previous studies by the inventors and others have
shown that mutations in mtDNA and the associated mitochondrial dysfunction
is an important contributor to human degenerative diseases (Birch-Machm et
al. 1993; Chmnery et al. 1999; Birch-Machm et al. 2000b). This is because
the mitochondrial genome is particularly susceptible to mutations due to
the high amounts of ROS produced in this organelle coupled with the lack of
protective histones and a low rate of mtDNA repair (Pascucci et al. 1997;
Sawyer & van Houten; LeDoux et al.1999) compared to the nucleus. Indeed,
the mutation rate for mtDNA is around ten times higher than that of nuclear
DNA (Wallace, 1994). Most of the mtDNA mutations identified m the recent
human tumour studies have indicated possible exposure to ROS depved
mutagens. This is important for the investigation of 



mtDNA mutations in NMSC because there is recent evidence for the direct
involvement of UV induced ROS in the generation of mtDNA deletions in human
skm cells (Berneburg et al. 1999, Lowes et al., 2002,) In addition, the
major determinant of NMSC in individuals without protective pigmentation or
genetic predisposition is UV (Wemstock, 1998). The putative precursor
lesions ofSCCs are also found predominantly on constant sun-exposed sites.
This is important because work by the Birch-Machin laboratory has shown
distinct differences between the incidence of mitochondpal DNA damage in
skm taken from different sun-exposed body sites. The vast majority of the
damage is found on constant sun-exposed sites (Kpshanan et al., 2002). One
of the inventors was the first to quantitatively show that UV exposure
induces mtDNA damage (Birch- Machm et al. 1998). MtDNA as a molecular
marker was used to study the relation between chronological aging and photo
agmg in human skin. A 3-primer quantitative PCR (qPCR) method was used to
study the changes in the ratio of the 4977 bp-deleted to wild type mtDNA in
relation to sun exposure and chronological age of human skm. There was a
significant increase in the incidence of high levels (i.e. > 1 %) of the
4977bp-deleted mtDNA in sun-exposed (27%, [27/100]) compared with
sun-protected sites (1.1% [1/90]) (Fishers exact test, P<0.0001). Deletions
or mutations of mtDNA may therefore be useful as a marker of cumulative
ultraviolet radiation exposure Furthermore, a study using a South-Western
Blot approach involving monoclonal antibodies against thymine dimers,
provided direct evidence for the presence of UV-induced damage in purified
mtDNA (Ray et al. 1998). Recent work from the inventors' research group has
used a long extension PCR (LX-PCR) technique to amplify the entire
mitochondpal genome in order to determine the whole deletion spectrum of
mtDNA secondary to UV exposure (Ray et al. 2000). Long PCR analysis of 7 1
split skin samples, where the epidermis is separated from the underlying
dermis, was performed in relation to sun exposure. There was a significant
increase in the number of deletions with increasing UV exposure in the
epidermis (Kruskal-Walhs test, p=0.0015). The findings in the epidermis are
not confounded by any age-dependent increases in mtDNA deletions also
detected by the long PCR technique. The large spectrum of identified
deletions highlights the ubiquitous nature and the high mutational load of
mtDNA associated with UV exposure. Compared to the detection of single
deletions using competitive PCR, the study shows that long PCR is a
sensitive technique and may therefore provide a more comprehensive,
although not quantitative, index of overall mtDNA damage in skin. The
studies by one of the inventors descpbed above clearly show that mtDNA is a
significant target of UV and this together with the role of mitochondrial
in skin disease has been recently reviewed (Birch-Machm, 2000). The
pigmentation of human hair and skin which is the major co-variant of UV
sensitivity and human skm cancer has been investigated. These
investigations have centred on the association of variants of the
melanocortm 1 -receptor gene and sun-sensitivity of individuals and
populations (Smith et al. 1998; Healy et al. 1999; Flanagan et al. 2000;
Healy et al. 2000; Harding et al. 2000; Flanagan et al., 2002) relating to
skm cancer susceptibility. However, these studies have not addressed
population-level variation in mtDNA sequences m association with particular
skm types and/or hair colour.One of the questions which remains largely
unanswered by the recent studies of mtDNA mutations in human tumours is the
incidence of deletions of the mitochondpal genome in relationship to these
tumours. This is an important question to answer because a preliminary
study of a single patient in human skm has shown differences in the
incidence of the common mtDNA deletion between several tumours (AKs and
SCCs) and normal skin (Pang et al. 1994). As well, the inventors' own
preliminary data shows an increased number of mtDNA deletions in tumours
compared to normal skm. Finally, Birch-Machm and others have shown that the
incidence of mtDNA deletions, as well as duplications, increases with
increasing UV exposure (Berneburg et al. 1999; Birch-Machm et al. 1998;Ray
et al. 1998; Ray et al. 1999; Ray et al. 2000), Lindsey et al., 2001;
Birch-Machm et al., 2001; Lowes et al., 2002, Kpshnan et al., 2002). Apart
from the questions relating to tumour progression other vital questions
remain largely unanswered by the recent studies of mtDNA in human tumours
(Habano et al. 1998; Fuss et al. 2000). Firstly, due to technical
limitations, it is not clear whether the mtDNA mutations are truly
homoplasmic, as varying levels of heteroplasmy may indicate important
disease transitions as well (Habano et al. 1998; Polyak et al. 1998; Fhss,
et al. 2000); secondly, apart from one study (Tamura et al. 1999) the
incidence of mtDNA deletions and their role as potential biomarkers for
NMSC was not investigated. Researchers have looked at the common deletion
and ignored the rest of the 100 or so deletions. As well, investigators
have been focused on identification of mutations, rather than their
quantification. It is important to assess accurately m a quantitative
manner the incidence of deletions because of the threshold effect of mtDNA
damage on ATP production and consequently cell function. In addition,
deletions are difficult to charactepze. Long PCR is typically used which
produces a ladder of deletions which then have to be characterized. Current
diagnosis of NMSC is pathological evaluation of excised tissue.
Accordingly, there is a need for an early marker of UV-mduced DNA damage
which predisposes an individual to NMSC. There is also a need for a
genetic-based diagnostic tool which allows for early detection and is
diagnostically accurate. Prostate Cancer Prostate cancer is a frequently
diagnosed solid tumour that most likely originates in the prostate
epithelium (Huang et al. 1999). In 1997, nearly 10 million American men
were screened for prostate specific antigen (PSA), the presence of which
suggests prostate cancer (Woodwell, 1999). Indeed, this indicates an even
higher number of men screened by an initial digital rectal exam (DRE). In
the same year, 3 1 million men had a DRE (Woodwell, 1999). Moreover, the
annual number of newly diagnosed cases of prostate cancer in the United
States is estimated at 179,000 (Landis et al., 1999). It is the second most
commonly diagnosed cancer and second leading cause of cancer mortality m
Canadian men. In 1997 prostate cancer accounted for 19,800 of newly
diagnosed cancers in Canadian men (28%) (National Cancer Institute of
Canada). It is estimated that 30% to 40% of allmen over the age of
forty-nme (49) have some cancerous prostate cells, yet only 20% to 25% of
these men have a clinically significant form of prostate cancer (SprmgNet -
CE Connection, internet, www.spnngnet.com/ce/j803a.htm). Prostate cancer
exhibits a wide variety of histological behaviour involving both erogenous
and exogenous factors, i.e. socio-economic situations, diet, geography,
hormonal imbalance, family history and genetic constitution (Konishi et al.
1997; Hayward et al. 1998). From a risk standpoint familial and hereditary
prostate cancers are not considered synonymous terms. Familial cancers
refer to the incidences within a family, but are not inherited. This form
accounts for up to 25% of prostate cancers (Walsh & Partm, 1997).
Hereditary refers to a subtype of prostate cancer with a Mendelian
inheritance of a predisposing gene(s) and accounts for approximately 9% of
reported cases. A positive family history of prostate cancer for this
disease suggests that these predisposing gene(s) play an important role in
prostate cancer development and progression. Recently, susceptibility genes
on chromosomes 1 and X have been identified as 



predisposing men to prostate cancer, providing greater insight into the
etiology of hereditary cancer (Berthon et a]. 1998; Xu et al. 1998).
Prostate cancer prognosis mainly depends on the tumour stage and grade at
diagnosis. Only localized prostate cancer can be cured by radical
treatment. Standard detection still relies on digital rectal examination,
PSA testing and histopathologic examination of prostate biopsied tissues.
Biopsy of a mass is used to confirm malignancy, it is not an early
detection technique. Unfortunately, some early tumours are impossible to
identify during rectal exams. PSA tests have a specificity of 60 to 70% and
a sensitivity of 70 to 80% (personal communication, Dr. Sunil Gulavita,
Northwestern Ontapo Cancer Centre). A newer technique which refines
diagnosis for tumours of common histologic grade is ploidy-DNA analysis
employing flow cytometry (Shankey et al. 1995); however, this technique
measures chromosomal changes that are only apparent in later stages of
cancer development and is not sufficiently sensitive for the detection of
minor alterations in DNA structure or chromosomal inversions, or reciprocal
trans-locations in early cancers. The invention focuses on early detection
since prognosis is heavily dependent on the stage of disease at diagnosis.
Our understanding of genetic abnormalities in prostate cancers is scanty.
Research into prostate cancer has focussed on the development of knowledge
in the following areas: 1) protooncogenes (Buttyan et al. 1987); 2) tumour
suppressor genes (p53, p73, KAIl and MMACI/PTEN; Dong et al. 1995; Cairns
et al. 1997) and 3) telomere/telomerase activity in metastasis.
Up-regulation of telomerase and amplification of telomeric DNA in prostate
cells may provide effective markers for diagnosis. Moreover, telomeres may
serve as a site for therapy (Ozen et al. 1998). A number of groups have
provided evidence for a "prostate cancer gene" in the short arm of
chromosome 1 (Berthon et al. 1998). More work is needed to identify the
specific locus within this region. It has been suggested that this marker
is only one of several possible genes predisposing men to familial prostate
cancer. Other studies have shown possible marker loci on the X chromosome
(Xu et al.1998). If some prostate cancers are polygenic, then mtDNA becomes
an important diagnostic tool since it may be difficult to identify and
understand the interplay between all associated nuclear genes in such
cases. Certainly, a key issue in prostate cancer research is to identify
molecular markers that can effectively determine and distinguish tumour
progression. Molecular markers may be able to discriminate between those
cases of prostate neoplasmy which will proceed rapidly to metastatic
disease and those with little chance of resulting in tumour development.
Comparison of molecular markers or mutations can determine whether the
tumor pathway is latent or aggressive. Up to the present research has
focused primarily on the secrets hidden within the nuclear genome; however,
the much smaller mtDNA genome seems to act as a barometer for events in the
nucleus and as such provides a means for the early detection of human
prostate cancer (Zeviani et al. 1990). Importantly, in this respect,
mitochondria have been implicated in the carcinogenic process because of
their role in apoptosis and other aspects of tumour biology (Green & Reed
1998). In particular, somatic mutations of mtDNA have been observed in a
number of human tumours (Polyak et al. 1998, Tamura et al. 1999, Fliss et
al. 2000). However, previous studies have been exclusively cross-sectional
as they have not considered the clonal nature of mtDNA in maternal lines.
These limited cross-sectional studies merely show the mutation at one time
point. This may or may not give an accurate link between a mutation and the
corresponding disease state. Cross-sectional studies employing a maternal
line have the advantage of tracking a mutation in mtDNA over time and thus
mimic the strength of a longitudinal design. Mutations which are common
population variants, as opposed to mutations associated with disease can
both be identified. Aging Aging consists of an accumulation of changes with
time both at the molecular and cellular levels; however, the specific
molecular mechanisms underlying the aging process remain to be elucidated.
In an attempt to explain the aging process, mitochondrial genomes in older
subjects are compared to the genomes of younger subjects from the same
maternal lineage. One deletion associated with aging is known as the common
deletion, or 4977-bp deletion. Aging research has been limited to this
common deletion and polymorphisms in the control region. For a clear
understanding of these mutations, the entire genome must be analyzed. Other
deletions are seen in Table 1 adapted from Wei, 1992.Table 1 Oxygen free
radicals, a normal by product of ATP production, are a probable cause of
this deletion, which increases in frequency with age. Existing literature
demonstrates a strong association between mtDNA (mtDNA) mutations,
chronological age, and the overall agmg process m postmitotic tissues such
as muscle and brain; however, comparative maternal line studies are needed
to discriminate between agmg associated mutational events and those
mutations without an agmg association. In recent years a variety of chronic
degenerative diseases have been shown to result from mutations in mtDNA
(Gatterman et al. 1995). Diseases related to defective OXPHOS appear to be
closely linked to mtDNA mutations (Byrne, 1992). Furthermore, it has been
shown that these myopathies are often associated with the common deletion
of 4977-bp of the mitochondrial genome (Liu et al. 1997). This large
deletion has also been found, at heteroplasmic levels, in vapous tissues of
normal agmg persons and is consistent with the Mitochondpal Theory of Agmg
(Harman, 1981). This is manifest through an increase m the deletion
frequency (Cortopassi & Wang, 1995) and a subsequent decline in respiratory
function (Miquel et al. 1992) resulting in eventual cell death in old age.
The early detection of a predisposition to a disease or disorder presents
the best opportunity for medical intervention, as early genetic diagnosis
may improve the prognosis for a patient. Previous studies employing a
cross-sectional design have established an association or cause and effect
relationship between mtDNA mutations, deletions, and/or combinations of
such and agmg;however, m order to obtain accurate data the age specific
deletion and/or mutation rate must be determined concisely. Attributing
mutations to the aging process as opposed to a particular disease at the
population level is vital. This information is imperative to an
understanding of how mtDNA damage accrues over time. Moreover, the
consequences of these particular mutations, their frequencies, and
associations in the temporal aspects of agmg must be known in order to
forecast and eventually slow agmg at the molecular level. Researchers have
not yet determined this rate, which requires evaluation of population data
through maternal lines. Accordingly, there is a need for a biomarker which
tracks the aging process. Accordingly, there is a need for a simple,
straightforward system of monitoring the mitochondpal genome for mutations
which indicate early stage cancer, aging or other human diseases with a DNA
component. There is also a need for a simple diagnostic system for sun
exposure, nonmelanoma skm cancer, prostate cancer, lung cancer and aging
linked to defects in the mitochondpal genome. There is a need for a
diagnostic system which differentiates between mutations in mtDNA which
cause disease, and those which simply represent variation within and
between populations. Summary of the Invention Aspects of the present
invention are listed in the claims. For example, an of the invention is to
provide a method for detecting a predisposition to 



cancer, early detection of cancer, genesis of cancer, presence of cancer,
progression of cancer, absence of cancer, or sun exposure in a biological
sample having mtDNA, comprising (a) providing a biological sample
comprising mtDNA and (b) detecting a deletion in the mtDNA. Another aspect
of the invention is to provide an array comprising a plurality of nucleic
acid members, and a solid substrate, wherein each of the nucleic acid
members is associated with at least one deletion associated with
predisposition to cancer, early detection of cancer, genesis of cancer,
presence of cancer, progression of cancer, absence of cancer, sun exposure
or agmg, and is chosen from mitochondpal DNA, RNA transcpbed from
mitochondpal DNA, and cDNA, wherein each nucleic acid member has a unique
position on said array and is stably associated with the solid substrate.
Another aspect of the invention is to provide a kit for diagnosing a
predisposition to cancer, early detection of cancer, genesis of cancer,
presence of cancer, progression of cancer, absence of cancer or sun
exposure comprising at least one member selected from the group consisting
of: solid support, the array describe above, means for holding the solid
support, means for extraction of mitochondpal DNA, means for access to a
database of mitochondpal DNA sequences, primers, reagents and instructions
Another aspect of the invention is to provide a database containing
mitochondrial DNA sequences chosen from normal control sequences associated
with non-disease states, sequences associated with interpopulation
variations, sequences associated with intrapopulation variations,
orsequences associated with a predisposition to cancer, early detection of
cancer, genesis of cancer, presence of cancer, progression of cancer,
absence of cancer, sun exposure or agmg. Another aspect of the invention is
to provide a method of detecting a deletion spanning approximately
nucleotides 10744 to 14124 of the mtDNA genome, wherein said deletion is
associated with prostate cancer, in a subject having mtDNA, composing (a)
providing a biological sample from the subject and (b) detecting the
presence of the deletion in the mtDNA. The deletion may be in the range of
3000 to 4000 bp. The deletion may be approximately 3379 bp. The deletion
may deletes all or part of base pairs between 10744 and 14124, comprising
substantially genes encoding NADH dehydrogenase subumt 4L, NADH
dehydrogenase subunit 4, NADH dehydrogenase subunit 5, tRNA histidme,
tRNAsepne2, and tRNA Ieucme2. Another aspect of the invention is to provide
a nucleic acid ppmer 3.4 forward comprising TAG ACT ACG TAC ATA CTA ACC CTA
CTC CTA ( SEQ ED NO: 139) and a nucleic acid primer 3.4 reverse comprising
GAG GTA GGA TTG GTG CTG T (SEQ ED NO: 140). Another aspect of the invention
is to provide an array comprising a plurality of nucleic acid members, and
a solid substrate, wherein one of the nucleic acid members is associated
with the mtDNA deletion at approximately 10744 to 14124, wherein the
nucleic acid member has a unique position on said array and is stably
associated with the solid substrate. Another aspect of the invention is to
provide a kit for diagnosing skin cancer comprising at least one member
selected from the group consisting of: a disposable chip, the array of
claim 31, means for holding the disposable chip, means for extraction of
mtDNA, primers, reagents and instructions Another aspect of the invention
is to provide a method of monitoring a person for the progression toward
prostate cancer or progression of prostate cancer, in a biological sample
from a subject, comprising: providing a biological sample from the subject;
extracting DNA from the biological sample; detecting the absence or
presence of deletions of the mtDNA; determining whether the deletions are
associated with normal mterpopulation or mtrapopulation variations, or
whether the delettions are associated with the absence or presence of a
predisposition to prostate cancer, progression toward prostate cancer,
prostate cancer or progression of prostate cancer, and; repeating the
steps. Another aspect of the invention is to provide a use of a deletion
between approximately 10744 and 14124 of the mtDNA comprising all or part
of NADH dehydrogenase subunit 4L, NADH dehydrogenase subunit 4, NADH
dehydrogenase subunit 5, tRNA histidme, tRNAsepne2, and tRNA Ieucine2 to
detect a predisposition to prostate cancer, early detection of prostate
cancer, genesis of prostate cancer, presence of prostate cancer, or
progression of prostate cancer in a subject having mtDNA Another aspect of
the invention is to provide a method for confirming or refuting a prostate
cancer biopsy test from a biopsy sample, comprising: obtaining normal
tissue from a biopsy sample;and detecting the absence or presence of a
mtDNA deletion of approximately 3379 bp in the normal tissue. Another
aspect of the invention is to provide a method for three-dimensional
prostate tumour mapping, comprising: obtaining sextant needle biopsy
samples; and detecting the absence or presence of a mtDNA deletion of
approximately 3379 bp in each of the sextant samples. Another aspect of the
invention is to provide a method for the collection of a patient sample for
use in diagnosing prostate cancer sun exposure by using a deletion spanning
approximately nucleotides 10744 to 14124 of the mtDNA genome, comprising:
providing a biological sample from the subject. Another aspect of the
invention is to provide a mitochondrial deletion spanning approximately
nucleotides 10744 to 14124 of the mtDNA genome for use in diagnosing
prostate cancer. Another aspect of the invention is to provide a method for
detecting sun exposure or nonmelanoma skin cancer. Another aspect of the
invention is to provide a method of detecting a deletion spanning
approximately nucleotides 547 to 4443 in the minor arc of the mtDNA genome,
wherein said deletion is associated with skin cancer and/or sun exposure,
in a subject having mtDNA, comprising: providing a biological sample from
the subject; and detecting the presence of the deletion m the mtDNA.
Another aspect of the invention is to provide a method for determining the
cumulative UV exposure, in a subject having mtDNA, comprising: providing a
biological sample from the subject; and detecting the presence of the
deletion in the mtDNA. A similar method may also be used of monitoring the
long term safety of clinical UV phototherapy regimes. The deletion may be
in the range of 3500 to 4000 bp. The deletion may be approximately 3895 bp,
comprising a span of mtDNA from approximately mtTFl binding site in the
D-loop to tRNA methionine. The deletion may delete all or part of base
pairs between 547 to 4443 m the minor arc of the mtDNA genome, comprising
substantially a 12s rRNA gene, a 16s rRNA gene, a NDl gene and promoters
for transcription of H and L strands. Another aspect of the invention is to
provide a nucleic acid primer L404 comprising CTT TTG GCG GTA TGC ACT TT
(SEQ ID NO. 145) and a nucleic acid primer H4676 comprising GAT TAT GGA TGC
GGT TGC TT (SEQ ID NO 146). Another aspect of the invention is to provide a
nucleic acid probe, 3895-probe, comprising TGC TAA CCC CAT ACC CCG AAA ATG
TTG G Tamra (SEQ ID NO: 153). Another aspect of the invention is to provide
an array comprising a plurality of nucleic acid 



members, and a solid substrate, wherein one of the nucleic acid members is
associated with the mtDNA deletion at approximately 547 to 4443, wherein
the nucleic acid member has a unique position on said array and is stably
associated with the solid substrate.Another aspect of the invention is to
provide a kit for diagnosing skin cancer comprising a disposable chip, the
array descpbed above, means for holding the disposable chip, and means for
extraction of mtDNA. Another aspect of the invention is to provide a method
of monitopng a person for sun exposure and non-melanoma skm cancer, in a
biological sample from a subject, comprising: providing a biological sample
from the subject; extracting DNA from the biological sample; detecting the
absence or presence of deletions of the mtDNA; determining whether the
deletions are associated with normal interpopulation or intrapopulation
variations, or whether the deletions are associated with sun exposure, and;
repeating the steps. Another aspect of the invention is to provide a use of
a deletion between approximately 547 to 4443 in the minor arc of the mtDNA
genome in a subject having mtDNA to detect sun exposure or non-melanoma skm
cancer. Another aspect of the invention is to provide a method for the
collection of a patient sample for use in diagnosing skm cancer by using a
deletion spanning approximately nucleotides 547 to 4443 in the minor arc of
the mtDNA genome, comprising: providing a biological sample from the
subject. Another aspect of the invention is to provide a mitochondrial
deletion spanning approximately nucleotides 547 to 4443 of the minor arc of
the mtDNA genome for use in diagnosing sun exposure or skm cancer. Another
aspect of the invention is to provide a use of the deletion junction
sequence of SEQ ID NO: 147 to confirm the presence of the 3895bp mtDNA
deletion associated with sun exposure or NMSC. Another aspect of the
invention is to provide a method for a sensitive detection of a
rearrangement in a DNA sample, wherein the rearrangement creates a newly
formed junction in the DNA sequence of a sample, comprising: providing a
DNA sample comprising or suspected of comprising a rearrangement; providing
a primer or a probe which spans the newly formed junction created by the
rearrangement; detecting the rearrangement by amplifying or probing the
junction. The rearrangement may be in mtDNA. The rearrangement may be a
deletion. Brief Description of the Figures Figure 1 is a histogram showing
the number of mutations at nucleotide position in mitochondrial DNA from
patients with prostate cancer. Figure 2 shows the first half of the
non-synonymous clusters produced using Hierarchal Clustering Explorer
(HCE). Figure 3 shows the second half of the non-synonymous clusters
produced using Hierarchal Clustepng Explorer (HCE). Figure 4 is a copy of
Figure 3 wherein the important cluster is shaded. Figure 5 is a schematic
diagram showing the design and sequence of a primer useful for the
detection of the 3.4 kb deletion.Figure 6 is a graph showing a comparison
of cycle threshold between malignant and symptomatic benign participants in
the 3.4 kb study. Figure 7 is a graph showing cycle threshold as related to
Example 12. Figure 8a) is a representative ethidium bromide stained agarose
gel showing a greater frequency of the 3895 bp deletion in usually sun
exposed skm compared with occassionally sun-exposed skin. Figure 8b) is a
histogram of the frequency of the 3895 bp deletion in 104 split skm samples
taken from different sun exposed body sites. Figure 9 is a gel showing the
UV-mducible increase of the 3895 bp deletion observed after 17 repetitive
doses of UVR. Figure 10 is a schematic representation of the localisation
of PCR primers and TaqMan probes on mtDNA used in Example 14 to detect the
3895 bp deletion. Figure 11 is two graphs showing the linear relationship
between template concentration and the threshold cycle number (CT) for the
3895 bp deletion (A) and wildtype internal standard (B). Figure 12 is a
photograph of an ethidium bromide stained agarose gel showing the incidence
of the 3895 bp deletion in tumour (T) and histologically normal peplesional
dermis (D) and epidermis(E) from both BCCs and SCCs. Figure 13 is a
photograph of representative ethidium bromide agarose gels showing typical
examples of their corresponding level of 3895 deletion as detected by
realtime PCR of three pairs of sun exposed and three pairs of sun
intermittent samples. Figure 14 is a scatter plot showing the levels of the
3895 bp deletion expressed as a percentage in sun exposed and sun
intermittent dermis and epidermis as determined by realtime PCR. Figure 15
is a diagram showing the relationship between biopsy results and mtDNA
analysis in diagnosing prostate tumour. Brief Description of the Tables
Table 1 is a summary of mutations associated with aging. Table 1a is a
principal component analysis of mutations in mtDNA of seven protein coding
regions in control, distant benign, adjacent benign and malignant tissue.
Table Ib is a neural network analysis of mutations m mtDNA of seven protein
coding regions in control, distant benign, adjacent benign and malignant
tissue. Table Ic is a summary of the synonymous and non-synonymous
mutations found in NDl, ND2, COXI and CYTB regions of the mitochondpa of 3
1 patients having prostate cancer from distant benign, adjacent benign and
malignant prostate tissue. Table Id is a Chi square analysis of mutations
in mitochondrial DNA in distant benign tissue from malignant glands versus
prostate tissue from symptomatic but not malignant subjects. Table 2 is a
summary of the mean number of deletions is epidermal tumours and adjacent
normal tissues. Table 3 is summary of the standard method of DHPLC.Table 4
is a summary of mitochondpal mutations (including D-loop) from prostate
needle biopsies and complete genome mutations from malignant, adjacent and
distant benign prostate glands from patients with prostate cancer. Table 5
is a list of primers used for complete mitochondrial genome amplification
for formalin fixed and normal tissues from blood Table 6 is a list of
amplification ppmers for use with Example 12. Table 7 is qPCR Components of
Example 12. Table 8 shows the cycling parameters for Example 12. Table 9 is
a list of probes used in Example 14. Detailed Description of the Invention
The method of the present invention can be used to diagnose diseases linked
to mtDNA. The method of the present invention provides for analysis of the
mitochondpal genome of an individual from a biological sample, for example
by amplification of the mitochondrial genome, sequencing a 



portion of the mitochondpal genome, preferably the entire mitochondrial
genome of the individual using any known means. Denaturing high performance
liquid chromatography (DHPLC) may also be used to rapidly screen many
samples. DHPLC can focus on hotspots of mutations. DHPLC is more sensitive
than automated sequencing in terms of detecting mutations, and can even
detect 2% heteroplasmy, compared with 20-25% for ordinary sequencing.
Methods for detecting lower levels of heteroplasmy (<2%) may also be
developed. As used herein, "actinic keratoses" means proposed precursor
epidermal lesion of a squamous cell carcinoma. As used herein, "agmg"
refers to an accumulation of changes with time, both at the molecular and
cellular levels. As used herein, "alleles" means one of several alternative
forms of a given DNA sequence occupying a specific place on a chromosome.
As used herein, "artificial neural network (ANN)" means a virtual device m
which several interconnected elements process information simultaneously,
adapting and learning from past patterns. As used herein, "attaching" or
"spotting" refers to a process of depositing a nucleic acid onto a solid
substrate to form a nucleic acid array such that the nucleic acid is
irreversibly bound to the solid substrate via covalent bonds, hydrogen
bonds or ionic interactions. As used herein, "atypical" or "abnormal" means
cellular appearance which is not normal, but also does not appear to be
malignant. As used herein, "basal cell carcinoma" means a type of cancer of
skm cells. As used herein, "benign" means of no danger to health; not
recurrent or progressive; not malignant.As used herein, "benign prostatic
disease" can include, but is not limited to, hyperplasia, inflammation,
atrophy, prostatis, metaplasia, and prostatic intraepithelial neoplasia. As
used herein, "Bowen's disease" means in situ epidermal carcinoma. As used
herein, "cycle threshold" (Ct ) is the point at which target amplification
rises above background, as indicated by a signal such as a fluorescence
signal. As used herein, "diagnostic" or "diagnosing" means using the
presence or absence of a mutation or combination of mutations as a factor
in disease diagnosis or management. The detection of the mutation(s) can be
a step in the disease state diagnosis. As used herein, "disease" includes a
disorder or other abnormal physical state. As used herein, "disease
associated mitochondiral genomes" means genomes containing mutations
indicative or otherwise associated with a particular disease. As used
herein, "database" means an electronic storage system (computer based using
standard industry software) which will have the capacity to store and
provide retrievable information that will enable researchers to rapidly
determine the structure of the nucleotide sequences. The database will also
store descpptive information about those individuals who provide the
biological samples. This descriptive information will include health status
and other pertinent indices which may be correlated to the biological
sample. As used herein, "deletions" means removal of a region of DNA from a
contiguous sequence of nucleic acids, where once a deletion has occurred,
the gap is repaired by rejoining of the ends. Deletions can range in size
from one base to thousands of bases or larger. As used herein,
"duplications" means when a specific sequence of DNA is copied and inserted
behind or forward of the original copy one or more times or elsewhere in
the genome. As used herein, "heteroplasmy" is defined by the ratio of
mutations in the mitochondrial sequences within one organ or cell.
Heteroplasmic mutations are those mutations which occur in some, but not
all of the copies of the mitochondrial genome. As used herein, "homoplasmy"
means all mitochondp al sequences are identical. As used herein,
"hyper-mutation" means accelerated mutation rate which cannot be explained
by normal cellular processes or standard evolutionary principles. As used
herein, "inversions" refers to when a length of DNA is excised and
reinserted in reverse op entation. As used herein, "maternal inheritance"
means mitochondria which are inherited through the cytoplasm of the ovum.
As used herein, "maternal line" refers to the clonal sequence of
mitochondrial DNA as passed down through successive generations from the
mother. As used herein, "mitochondria" means a eukaryotic cytoplasmic
organelle that generates ATP for cellular processes.As used herein,
"mutation" encompasses any modification or change in a DNA or RNA sequence
from the wild type sequence, including without limitation point mutations,
transitions, insertions, transversions, translocations, deletions,
inversions, duplications, recombinations or combinations thereof. The
modification or change of the sequence can extend from a single base change
to the addition or elimination of an entire DNA or RNA fragment. As used
herein, "mutation load" refers to an increase in mutations in mtDNA which
may eventually lead to compromised function of the involved gene or the
entire genome or may accumulate in non-coding regions. As used herein,
"neoplasia" means a pathological process which may result m transformation
to malignant status. As used herein, "non-involved tissue" means tissue
from a part of the body which is not associated with the disease in
question. As used herein, a "non-synonymous" mutation of a polynucleotide
is a mutation which results in a different encoded amino acid. As used
herein, "normal tissue" means tissue with no visible manifestations of
disease as determined by histology. As defined herein, a "nucleic acid
array" refers to a plurality of unique nucleic acids attached to one
surface of a solid support at a density exceeding 20 different nucleic
acids/cm2 wherein each of the nucleic acids is attached to the surface of
the solid support in a non-identical preselected region. In one embodiment,
the nucleic acid attached to the surface of the solid support is DNA. In a
preferred embodiment, the nucleic acid attached to the surface of the solid
support is cDNA. In another preferred embodiment, the nucleic acid attached
to the surface of the solid support is cDNA synthesized by polymerase chain
reaction (PCR). Preferably, a nucleic acid array according to the
invention, comprises nucleic acids of at least 150 nucleotides in length.
Preferably, a nucleic acid array comprises nucleic acids of less than 6,000
nucleotides in length. More preferably, a nucleic acid array comprises
nucleic acids of less than 500 nucleotides in length. In one embodiment,
the array comprises at least 500 different nucleic acids attached to one
surface of the solid support. In another embodiment, the array comprises at
least 10 different nucleic acids attached to one surface of the solid
support. In yet another embodiment, the array comprises at least 10,000
different nucleic acids attached to one surface of the solid support. The
term "nucleic acid", as used herein, is 



interchangeable with the term "polynucleotide". As used herein, a "nucleic
acid target" or "a target nucleic acid" is defined as a nucleic acid
capable of binding to a nucleic acid member of complementary sequence
through one or more types of chemical bonds, usually through complementary
base paipng, usually through hydrogen bond formation. As used herein, a
nucleic acid target may include natural (i. e., A, G, C, or T) or modified
bases (7-deazaguanosme, lnosme, etc.). In addition, the bases m nucleic
acid probe may be joined by a linkage other than a phosphodiester bond, so
long as it does not interfere with hybridization. Thus,nucleic acid targets
may be peptide nucleic acids in which the constituent bases are joined by
peptide bonds rather than phosphodiester linkages. Preferably, the nucleic
acid targets are depved from human tissue or fluid extracts. More
preferably, the nucleic acid targets are single- or double-stranded DNA,
RNA, or DNA-RNA hybrids synthesized from human tissue of fluid extracts. As
used herein, "nucleus" means the most conspicuous organelle in the
eucaryotic cell, contains all of the chromasomal DNA. As used herein, NPV
(Negative Predictive Value) means the percent of patients with negative
tests that do not have the disease or condition being tested for. It
assesses the reliability of a negative test result The calculation is NPV=
(True negative) / (true and false negatives). As used herein, "occasionally
sun exposed skm" means skm that is occasionally or sometimes exposed in an
individual. For example, depending on the individual, it may include
shoulders, back and chest. As used herein, PPV (Positive Predictive Value)
means the percent of patients with positive test result having the disease
or condition tested for. It assesses the reliability of a positive test
result. The calculation is PPV=(True positive) / (True + False positives)
As used herein, "PSA Test" means prostate-specific antigen test; an antigen
found in blood that may be indicative of cancer of the prostate. As used
herein, "point mutation" means the change of a single nucleotide in DNA. As
used herein, "polymorphism" means sequence variation m a population of
alleles or mtDNA genomes As used herein, "precursor lesions" means a DNA
mutation, or combinations thereof, indicating potential disease
association. As used herein, "predisposed to a disease" or a
"predisposition to a disease" means that individuals are at higher risk for
developing the disease or disorder or are at higher psk for early onset of
the disease or disorder than the average individual, due to the presence or
absence of mutations which are associated with the disease or disorder As
used herein, "pre-neoplasia" means indications at the cellular or DNA level
that a cell may be on the threshold of becoming neoplastic. As used herein,
"preselected region", "predefined region", or "unique position" refers to a
localized area on a substrate which is, was, or is intended to be used for
the deposit of a nucleic acid and is otherwise referred to herein in the
alternative as a "selected region" or simply a "region." The preselected
region may have any convenient shape, e.g., circular, rectangular,
elliptical, wedgeshaped, etc. In some embodiments, a preselected region is
smaller than about 1 cm2, more preferably less than 1mm2, still more
preferably less than 0.5 mm2, and in some embodiments about 0.125 to 0.5
mm2.As used herein, the "presence" of a mutation in mtDNA includes
heteroplasmic mutations and, therefore, it is contemplated that there may
be additionally the presence of some normal mtDNA in a sample m which the
mutated DNA is present As used herein, "rarely sun exposed skin" means skin
that is rarely or hardly ever exposed in an individual. For example,
depending on the individual, it may include buttocks and heel. This may
also be called 'sun-protected' skin. As used herein, "realtime PCR Cycle
threshold Ct" is the point (cycle) at which the fluorescence crosses the
threshold line. As used herein, "somatic mutation" means a change in DNA
sequence after fertilization. As used herein, "solid substrate" or "solid
support" refers to a material having a rigid or semi rigid surface. The
terms "substrate" and "support" are used interchangeable herein with the
terms "solid substrate" and "solid support". The solid support may be
biological, non-biological, organic, inorganic, or a combination of any of
these, existing as particles, strands, precipitates, gels, sheets, tubing,
spheres, containers, capillaries, pads, slices, films, plates, slides, etc.
Often, the substrate is a silicon or glass surface,
(poly)tetrafluoroethylene, (poly)vmylidendifluo pde, polystyrene,
polycarbonate, a charged membrane, such as nylon 66 or nitrocellulose, or
combinations thereof. In a preferred embodiment, the solid support is
glass. Preferably, at least one surface of the substrate will be
substantially flat. Preferably, the surface of the solid support will
contain reactive groups, including, but not limited to, carboxyl, ammo,
hydroxyl, thiol, or the like. In one embodiment, the surface is optically
transparent. As used herein, "sun exposed skm" means skm that is "usually"
or "occasionally" exposed to the sun. As used herein, "sun protected skm"
means skm that is rarely exposed to the sun. As used herein, "squamous cell
carcinoma" means a type of cancer of skm cells. As used herein, "stably
associated" refers to a nucleic acid that is irreversibly bound to a solid
substrate to form an array via covalent bonds, hydrogen bonds or ionic
interactions such that the nucleic acid retains its unique preselected
position relative to all other nucleic acids that are stably associated
with an array, or to all other preselected regions on the solid substrate
under conditions wherein an array is analyzed (i.e., hybridization and
scanning). A "statistically significant" number of mitochondpal DNA
sequences is determined by or through the use of standard chi-square
statistical algorithms using or determining observed versus expected
scores. As used herein, "subtle mutation" means low level of mutation at
the threshold of detection. As used herein, "symptomatic benign" means
patients who exhibit one or more symptoms associated with prostate
malignancy, including but not limited to elevated PSA, abnormal digital
rectal examination (DRE) score, difficult upnation, blood and/or pus in the
urme, lower back, pelvicand upper thigh pain, or painful ejaculation, but
have been diagnosed as benign by examination of biopsy tissue by a
qualified pathologist. As used herein, a "synonymous" mutation is a
mutation in a polynucleotide which does not have an affect on the encoded
ammo acid As used herein, "transitions" means substitution of like
nitrogenous bases, pypmidme to pypmidme, purine to pupne. A mutation in
which one pyrimidme is substituted by the other, or in which one pupne is
substituted by the other. As used herein, "transversions" means
substitution of unlike nitrogenous bases, purine to pyrimidme, pyrimidme to
pupne. A mutation in which a purine is substituted or replaced by a
pyrimidme or vice versa. As used herein, "usually sun exposed skm" means
skm that is usually or often exposed in an individual. For example,
depending on the individual, it may include scalp, face, neck and ears. 



MtDNA and diagnosis of specific diseases In an embodiment of the present
invention, methods are provided for monitopng aging, sun exposure, and
diagnosing specific diseases such as prostate cancer and non-melanoma skin
cancer through comparisons of mtDNA sequences. Diagnosing diseases such as
prostate cancer with mtDNA, rather than nuclear DNA has several advantages.
Firstly, mtDNA, a less complex genome, is easily understood at an
individual and population level, hence a large mtDNA database with normal
and disease associated genomes renders individual diagnosis extremely
accurate. Accordingly, variation, in relationship to disease, is
understood. Secondly, mtDNA has a 10-fold higher mutation rate than nuclear
DNA (Wallace 1992). Nuclear rearrangements, suggestive of preliminary
disease, are rapidly communicated to mitochondpa, where they appear as
somatic mutations. Thirdly, mtDNA has a maternal inheritance pattern, and
is essentially clonal in that all mitochondria begin with the same mtDNA
sequence, hence variation from this clonal condition is easily detected.
Additionally, mtDNA does not show convincing evidence of recombination,
thus any alterations in sequence are a somatic event. Any one mitochondrion
harboring a mutation(s) is in a sense 'recessive' as a consequence of there
being many mitochondpal genomes (2-10 copies) per mitochondpon, and many
mitochondpa per cell (500-2,000). Moreover, mitochondpal genomes can
tolerate very high levels (up to 90%) of mitochondria with damaged genomes.
This happens through complementation by the remaining wild type mtDNA
(Chomyn et al. 1992). However, mutated genomes have a rephcative advantage
over wild type genomes because they are usually smaller (Hayashi et al.
1991), hence there is clonal expansion of mutated mtDNA (Bperley et al.
1998), suggesting that unlike nuclear genes, there is little or no
selection against cells harboring mtDNA mutations. Because of this elevated
mutation rate, mutations and/or deletions that appear in mtDNA are
maintained through the life span of the cell and may serve as a record of
exposures to various mutagens. The integrity of mtDNA is maintained by
nuclear repair mechanisms, and a defect at these loci has been suggested to
result in an autosomal dominant disorder associated with multiple
mitochondrial deletions (Zeviani et al. 1990).Consequently, mtDNA may
function as an early warning sentinel of early nuclear events related to a
variety of cancers or other diseases. Finally, the mitochondpal genome can
be sequenced and monitored for mutations on an individual basis. The
methods and products of the present invention detect both heteroplasmic as
well as homoplasmic mutations. In fact, heteroplasmic mutations may be key
to the detection of the early genesis of disease, disorder or agmg. In
addition, although specific mutation sites may indicate a particular
disease state, disorder or aging process, the total mutation load is also
important in determining the genesis, presence and progression of a
disease, a disorder or agmg. The present invention allows for the ability
to examine benign or normal tissue or bodily fluids to determine the
effects of sun exposure, the genesis and/or presence of disease, disorder
or agmg. For example, the present invention allows for the ability to
examine benign tissue or bodily fluids for the presence of pre-neoplasia,
neoplasia, progression toward malignancy and malignancy. The mitochondrial
mutations detected by the methods of the invention are compared to inter
and mtrapopulation variations in mitochondrial DNA, and may include
compapson with mitochondrial DNA from non-involved tissue from the subject,
or with mitochondpal DNA from a maternal relative. It is not necessary to
analyze the entire mitochondrial genome. For example, it is not necessary
to sequence the entire mitochondrial genome, only a select portion of it.
Accordingly, a sample of mitochondpal DNA can provide a diagnosis.
Detection of sun exposure In one embodiment of the invention, a system for
early detection of mitochondrial DNA mutations and rearrangements, for
example deletions, as a result of sun exposure is provided. The particular
changes, such as the common deletion, the 3895 bp deletion identified in
examples 13 and 14, associated mutations, and the incidence of as yet
uncharactepsed deletions in mtDNA serve as reliable bio-markers of sun
exposure. Diagnosis of Skin Cancer In a preferred embodiment of the
invention, a system for early diagnosis of mtDNA changes in non-melanoma
skin cancer (NMSC) and melanoma skm cancer, and their precursor lesions
indicative of solid tumour development is provided. The particular changes,
such as the common deletion, the 3895 bp deletion identified in examples 13
and 14, associated mutations, and the incidence of as yet uncharactepsed
deletions in mtDNA serve as reliable bio-markers of sun exposure, and
associated skin cancer. Non-melanoma skm cancer in particular is associated
with chronic life long sun exposure. Melanoma skm cancer seems to be more
related to acute burning episodes. The mutation fingerprint of the entire
mtDNA genome in human NMSC and its precursor lesions is determined. Thus
mtDNA changes are established as an early bio-marker of human skm cancer
and its precursor lesions. Denaturing HPLC can then be used to assess low
levels of heteroplasmy at the sequences ofinterest This approach can also
provide an insight into the development of early changes in other human
tumours. Diagnosis of prostate cancer In another embodiment of the
invention, a system for diagnosis of prostate cancer is provided. Age
related accumulation of mtDNA defects might predispose an individual to the
appearance of certain clinical disorders such as prostate cancer which is
prevalent in middle age and older men. In a preferred embodiment, routine
prostate cancer screening takes place through mitochondpal genome
sequencing from prostate massage fluid. The presence of epithelial cells
transformed into cancer cells, can be determined through amplification of
mtDNA from prostate massage fluid, eclipsing current diagnostic techniques
such as digital rectal examination and PSA. Recently Fhss et al. (2000)
identified mutated mtDNA in upne samples of patients with bladder cancer.
Similar findings in prostate massage fluid provide a non-mvasive early
detection method for prostate cancer. Different types of prostate cancer
can be diagnosed, as well as differentiating between aggressive, fast
growing cells in patients in contrast to prostate cancer as a whole. For
example, the 3.4 kb deletion identified in the applicant's teachings, can
be used as an indication of prostate cancer. Early detection and monitoring
of prostate cancer progression The system and method of the present
invention may be used to detect cancer, and in particular prostate cancer,
at an early stage, and before any histological abnormalities. For example,
the system and method of the present invention may be used to detect
pre-neoplasia in prostate tissue. The system can be used to detect the
genesis and progression of prostate cancer. Mutations, including both
subtle and hyper-mutation (Chen et al. 2002; Chen et al. 2003) in
mitochondrial DNA from human prostate tissue, or fluid associated with the
prostate (for example prostate massage fluid or urine), can be tested for
the presence of neoplasia, and retested at intervals to follow cancer
transformation, diagnose malignancy, or confirm continued benign status.
These mutations may be determined by comparison to mitochondria extracted
from nonmvolved tissue such as, but not limited to: blood, upne, hair and
buccal swabs. This direct comparison eliminates polymorphisms, maternal
background or normal haplotype variation unassociated with disease. The
mutations can also be compared to mitochondpal sequences associated with
inter and intrapopulation variations. One or more mutations from fluid or
tissue of the 



organ or body system in question, indicates possible disease genesis. The
person is then monitored, at successive intervals, for an increase in
mutations at other sites, and/or an increase in the number of mutated
mitochondrial genomes, indicating disease progression. Benign tissue from
the prostate cannot always be considered non-involved hi fact, as can be
seen in Example 9, below, what appears to be benign tissue may contain
mitochondpal mutations associated with pre-neoplasia, neoplasia,
progression toward malignancy or malignancy. In addition, mutation load
rather than specificmutations may be instrumental in determining disease
and progression of disease. The system and method of the present invention
detects heteroplasmic as well as homoplasmic mutations. The prostate gland
is monitored for mutations in the mitochondpal genome through prostate
massage fluid (PMF) taken during an initial digital rectal examination
(DRE) of the prostate. Cells within the PMF are concentrated, smeared on a
slide and stained with PSA immunoperoxidase for identification of prostate
epithelial cells. These prostate cells are selectively recovered through
laser capture micro-dissection. The mitochondrial DNA from these cells is
analyzed and compared to mitochondrial DNA from non-mvolved tissue, and/or
to sequences of inter and intrapopulation variations. For example, the DNA
analysis can comprise sequencing of the mtDNA Total DNA is extracted from
these cells and mitochondrial specific primers, designed for use with
biopsy material treated with formalin (Table 5), are used to amplify the
entire mtDNA genome with overlapping amphcons. These PCR products are then
sequenced by methods well known to those in the art, including DNA
resequencmg arrays. Sequencing results are screened for heteroplasmies and
mutations and compared to a database of known mtDNA mutations associated
with malignant and benign prostate tissues. Based on these compapsons a
designation is returned as to the condition of the prostate in regards to,
but not limited to: benign (no mutations); pre-neoplasia or neoplasm (low
level of mutations); or malignancy (high level of mutations). In the
situation of benign, pre-neoplasia and neoplasm, the prostate can be
monitored for progression through regular PMF screenings as described.
Alternatively, biopsy material which has been diagnosed as benign,
atypical, abnormal can undergo similar testing by either laser capture
micro-dissection of the biopsy, or the tissue can be scraped off the
slides, or mounted tissue sections can be used, followed by DNA extraction,
amplification, sequence analysis and database comparison. As an alternative
to sequencing, and comparison to a database, micro-array technology could
be used to identify a specific pattern of mutations, or mutation load based
on any number, or combination of the mutations listed in Table 4, through
the construction of oligonucleotides, or a specific set of
oligonucleotides. Disease progression can be monitored by compapng mtDNA
mutations at successive intervals to a database of mutations in
mitochondrial genomes associated with pre-neoplasia, neoplasm and prostate
cancer, including calculation of total mutation load. Prostate biopsy
tissue can be tested for pre-neoplasia, neoplasm and/or malignant
progression in cells described clinically as benign, normal, atypical or
abnormal by common histological/pathological, or other clinical methods.
Similarly, the DNA may be analyzed for specific deletions that are known to
be associated with disease, for example prostate cancer. This can be done
by using PCR based technologies to screen for such deletions.Assessment of
mutations associated with aging The system and method of the present
invention may be used to assess agmg, based on the increasing frequency of
mutations such as the "common deletion" of 4977-bp and other mutations of
the mitochondpal genome (Lm et al. 1997). This information, in conjunction
with health survey data, allows crucial statistical discrimination between
separate causes resulting in the same mutation/deletion. Fortunately mtDNA
is inherited exclusively through the ovum and is essentially clonal in
nature (Van De Graaff & Fox, 1995). This permits carefully controlled
studies of mutations/deletions within maternal lines through several
generations to determine a reliable age related deletion frequency. This
information may be used to develop treatment methods which slow the agmg
process. Collection of samples Biological samples can be collected by any
known means, whether for the purpose of constructing a mtDNA sequence
database, or performing a diagnostic test on an individual. Samples
destined for database generation include, but are not limited to: tumour
banks, maternal lineage studies involving affected and unaffected
individuals from the same maternal lineage, as well as maternal lineage
studies from groups or populations with high frequencies of specific
disease such as, but not limited to: skin and prostate cancer, assessment
of health status and agmg. For example, FTA(r) Gene Cards(r) may be used to
collect and archive biological samples. Suitable samples include any tissue
or body fluid derived from mesothehum, epithelium, or endothelium. Such
tissues and fluids include, but are not limited to blood, sputum, buccal
cells, saliva, prostate massage fluid, sweat, bone, hair, lymph tissue,
cervical smears, breast aspirate, fecal matter, ejaculate, menstrual flow,
urine and biopsy tissue. Preferably, approximately 100 ml of blood, 100 mg
to 25 mg of solid tissue is sampled. In the case of suspected skin cancer,
skin cells or tissue, (from normal, NMSC and precursor lesions) is taken
from skin biopsy or a routine suction blistering technique. Where a disease
is suspected, primary care physicians, oncologists or other practitioners,
may extract both normal and suspected disease tissue from the patient. For
the purpose of analyzing sun exposure, tissue may be taken from the dermis
or epidermis, or a combination of both. For samples of tumours such as
prostate or skin, replicate cross-sections (5 microns) of microdissected
paraffin embedded tissues are de-paraffinized prior to one slide being
stained with hematoxylin and eosin (HE), with the replicate stained with
methyl green (MG), as is standard in the art. HE stains are graded by a
pathologist for normal, precursor, and applicable grades of tumour
progression. Replicate MG slides are used for laser capture, according to
manufacturers recommendations (Arcturus) of graded cells.Extraction of
mtDNA Extraction of DNA may take place using any method known in the art,
followed by amplification of all or a region of the mitochondrial genome,
and may include sequencing of the mitochondrial genome, as descpbed in
Current Protocols in Molecular Biology. Analyzing mtDNA The step of
detecting the presence of mutations in the mtDNA can be selected from any
technique as is known to those skilled in the art. For example, analyzing
mtDNA can comprise sequencing the mtDNA, amplifying mtDNA by PCR, Southern,
Northern, Western South-Western blot hybridizations, denaturing HPLC,
hybridization to microarrays, biochips or gene chips, molecular marker
analysis, biosensors, melting temperature profiling or a combination of any
of the above. In addition, statistical techniques such as Inductive Rule
Extraction, and Neural Networking can be used. Sequencing of MtDNA PCR
Polynucleotide sequences of the invention can be amplified by the
polymerase chain reaction (PCR). PCR methods are well-known to those
skilled in the art. PCR requires the presence of a nucleic acid to be
amplified, two single stranded oligonucleotide primers flanking the
sequence to be 



amplified, a DNA polymerase, deoxypbonucleoside triphosphates, a buffer and
salts. The method of PCR is well known in the art. PCR is performed as
described in Mullis and Faloona, 1987, Methods Enzymol. , 155: 335, herein
incorporated by reference In general, PCR is performed using template DNA
(at least lfg; more usefully, 1-1000 ng) and at least 25 pmol of
oligonucleotide primers. A typical reaction mixture includes: 2ml of DNA,
25 pmol of oligonucleotide primer, 2.5 ml of 1OX PCR buffer 1 (Perkm-Elmer,
Foster City, CA), 0.4 ml of 1.25 mM dNTP, 0.15 ml (or 2.5 units) of Taq DNA
polymerase (Perkm Elmer, Foster City, CA) and deiomzed water to a total
volume of 25 ml . Mineral oil is overlaid and the PCR is performed using a
programmable thermal cycler. The length and temperature of each step of a
PCR cycle, as well as the number of cycles, are adjusted according to the
stringency requirements in effect. Annealing temperature and timing are
determined both by the efficiency with which a primer is expected to anneal
to a template and the degree of mismatch that is to be tolerated. The
ability to optimize the stringency of ppmer annealing conditions is well
withm the knowledge of one of moderate skill in the art. An annealing
temperature of between 400C and 720C is used. In general, initial
denaturation of the template molecules normally occurs at between 92C and
99C for 4 minutes, followed by 20-40 cycles consisting of denaturation
(94-99C for 15 seconds to 1 mmute/kb), annealing (temperature determined as
discussed above; 1-2 minutes), and extension (72C for 1 minute) The final
extension step is generally carried out for 4 minutes at 72C, and may be
followed by an indefinite (0-24 hour) step at 4C.DNA Sequencing Any known
means to sequence the mitochondrial genome may be used. Preferably, mtDNA
is amplified by PCR prior to sequencing. PCR products can be sequenced
directly or cloned into a vector which is then placed into a bacterial
host. Examples of DNA sequencing methods are found in Brumley, R. L. Jr.
and Smith, L.M., 1991, Rapid DNA sequencing by horizontal ultrathin gel
electrophoresis, Nucleic Acids Res. 19:4121-4126 and Luckey, J.A., et al,
1993, High speed DNA sequencing by capillary gel electrophoresis, Methods
Enzymol. 218: 154-172. The combined use of PCR and sequencing of mtDNA is
described in Hopgood, R., et al, 1992, Strategies for automated sequencing
of human mtDNA directly from PCR products, Biotechniques 13:82-92 and
Tanaka, M. et al, 1996, Automated sequencing of mtDNA, Methods Enzymol.
264: 407-421 Deletion Analysis and Detection A preferable approach is the
long extension PCR (LX-PCR) technique using the Expand Long Template PCR
system (Boehringer Mannheim). Using the LX-PCR technique, which has been
established and validated in the Birch-Machin laboratory (Ray et al. 2000),
there is the opportunity to rapidly screen for the whole spectrum of mtDNA
deletions as opposed to the incidence of a single deletion. A
semi-quantitative PCR method (Corral-Debrinski et al 1991) can be used to
estimate the proportion of the mtDNA4977 deletion in the total mtDNA. In
addition, Southern Blot and probing technology labeled with isotopes or any
other technique as is standard in the art may be used for deletion
detection as well. Quantitative PCR can be used to quantify the amount of
any specific deletion target using a primer that bridges the newly formed
sequence junction. The quantity of deleted mtDNA molecules may be compared
with the quantity of wild-type mt DNA to determine the proportion of
deleted mtDNA molecules. Sequencing of PCR products Any known means may be
used to sequence the PCR products. Preferably, the entire DNA sequence is
characterized by di-deoxy sequencing using ABI Big Dye Terminator(tm)
technology and a series of 72 overlapping primers each for heavy and light
strands. Sequencing occurs on one, several, or a combination of ABI
platforms such as the 310, 3100, or 3700. Sequencing reactions are
performed according to manufacturer's recommendation. Mutational analysis
of the mitochondrial genome using denaturing high performance liquid
chromatography (DHPLC) Prior to sequencing of the mitochondrial genome and
identification of mutational hotspots, DHPLC can be used to rapidly screen
for mutations in many samples. This technique provides greater sensitivity
in identification of low levels of heteroplasmy. It cannot detect
homoplasmic changes but will complement traditional sequencing. Apart from
the homoplasmic mutations recently identified in tumours, the vast majority
of reported mtDNA mutations are heteroplasmic (Chinnery etal 1999). These
heteroplasmic mtDNA changes result in the formation of heteroduplexes after
PCR amplification of the mtDNA. Rapid screening for heteroplasmic mtDNA
mutations is determined using the relatively new technique of denaturing
high performance liquid chromatography (DHPLC) (Oefner & Underhill, 1998).
This technique has recently been used to rapidly screen and identify whole
mtDNA genomes for heteroplasmic point mutations down to levels <5% (Van den
Bosch et al. 2000). The DHPLC may be performed on the WAVE(tm) DNA Fragment
Analysis System (Transgenomic, Omaha, USA) which provides a fully automated
screening procedure. The same technology can be used to screen for mtDNA
heteroplasmic mutations. Preferably, the entire mtDNA genome is amplified
by PCR in 13 overlapping fragments using two different PCR conditions as
described by van den Bosch et al. (2000). The 1-2 kb PCR products are
digested into fragments of 90-600bp and resolved at their optimal melting
temperature. Mutations are represented as two peaks and mutations with low
percentages, such as <2% heteroplasmy as a 'shoulder' in the peak. DNA
sequencing can also take place using a microarray, as is known in the art
(Chee et al. 1996). Data Analysis Once sequenced, normal and disease
associated mtDNA sequences are archived for comparison in a database.
Resequencmg devices, micro-array technology, integrated microfluidic
amplification and analysis systems, high-speed, high-throughput, mutation
detection, and other methods may all be used with the methods of the
present invention. Data obtained from the sequencing of the individual
mitochondrial genome is compared to population level data. The data is
obtained through obtaining samples and sequencing mtDNA as described above.
Preferably, the database contains information from maternal line studies.
The population level data is maintained in a database. Any suitable
database can be used. Preferably, a multidimensional evaluation research
database of clinical and biological data is used, which provides the
bio-mformatics infrastructure necessary for the collection, processing and
dissemination of information amassed by the laboratories involved in this
venture. The database is a centralized electronic system which links
networks resulting in a dynamic and powerful resource. The database may be
accessed through any known means, and preferably through a secure Internet
pathway. Preferably, the database is developed using an e-commerce
algorithm, built on a server and deployed using an application server which
supports a high volume of concurrent users through optimized performance
and scalability features. A separate "web" server can provide the
foundation of the web-site architecture since it can serve as the central
point through which all content, applications, and transactions must flow
before reaching users. 



Data mining algorithms known in the art are used to discover patterns,
clusters and models from data (SAS 2000). Moreover, intelligent algorithms
and methods will be developed for: occurrence of mutation and mutation
rates, patterns of mutations for disease detection, information retrieval,
and other complex sequence analysis software.Nucleic Acid Members and
Probes The invention provides for nucleic acid members and probes that bind
specifically to a target nucleic acid sequence. The target nucleic acid
sequence is a nucleic acid or a region of a nucleic acid that is to be
detected, as indicative of disease such as prostate cancer, non-melanoma
skm cancer and the like. The target nucleic acid sequences to be analyzed
using a microarray of the invention are preferably derived from human
tissue or fluid samples The invention provides for target nucleic acid
sequences comprising RNA or nucleic acid corresponding to RNA, (i.e.,
cDNA), or DNA. Nucleic acid members are stably associated with a solid
support to comprise an array according to the invention. The nucleic acid
members may be single or double stranded, and may be a PCR fragment
amplified from cDNA. The invention also provides for polynucleotide
sequences comprising a probe. As used herein, the term "probe" refers to an
oligonucleotide which forms a duplex structure with a sequence in the
target nucleic acid, due to complementarity of at least one sequence in the
probe with a sequence in the target region. The probe may be labeled,
according to methods known m the art. A probe according to the invention
may be single or double stranded. Diagnostic devices The invention includes
diagnostic devices such as biochips, gene chips or microarrays used to
diagnose specific diseases or identify specific mutations. All sequenced
mitochondrial genomes are assessed to create a consenus structure of the
base pair arrangement and are assigned a prohibiting index for proportion
of base pair deletions and mutations associated with a particular disease
or disorder. The diagnostic arrangement is then used to create biochips,
gene chips, or microarrays. Once sequences associated with particular
diseases, disease states or disorders are identified, hybridization of
mtDNA to an array of oligonucleotides can be used to identify particular
mutations. Any known method of hybridization may be used. Preferably, an
array is used, which has oligonucleotide probes matching the wild type or
mutated region, and a control probe. Commercially available arrays such as
microarrays or gene chips are suitable. These arrays contain thousands of
matched and control pairs of probes on a slide or microchip, and are
capable of sequencing the entire genome very quickly. Review articles
describing the use of microarrays in genome and DNA sequence analysis is
available at www.gene-chips.com Microarray Polynucleotide arrays provide a
high throughput technique that can assay a large number of polynucleotides
in a sample comprising one or more target nucleic acid sequences. The
arrays of the invention are useful for gene expression analysis, diagnosis
of disease and prognosis of disease (e.g., monitoring a patient's response
to therapy, drug screening, and the like). Any combination of the
polynucleotide sequences of mtDNA indicative of disease, aging, or other
health related mutations are used for the construction of a microarray.The
target nucleic acid samples to be analyzed using a microarray are derived
from any human tissue or fluid which contains adequate amounts of mtDNA, as
previously described, preferably prostate massage fluid, solid tumours,
benign tissue, blood, or urine. The target nucleic acid samples are
contacted with polynucleotide members under hybridization conditions
sufficient to produce a hybridization pattern of complementary nucleic acid
members/target complexes. Construction of a microarray The microarray
comprises a plurality of unique polynucleotides attached to one surface of
a solid support, wherein each of the polynucleotides is attached to the
surface of the solid support m a non-identical preselected region. Each
associated sample on the array comprises a polynucleotide composition, of
known identity, usually of known sequence, as descpbed in greater detail
below. Any conceivable substrate may be employed in the invention. The
array is constructed using any known means. The nucleic acid members may be
produced using established techniques such as polymerase chain reaction
(PCR) and reverse transcription (RT). These methods are similar to those
currently known in the art (see e.g. PCR Strategies, Michael A. Innis
(Editor), et al. (1995) and PCR: Introduction to Biotechniques Series, C.
R. Newton, A. Graham (1997)). Amplified polynucleotides are purified by
methods well known in the art (e g , column purification). A polynucleotide
is considered pure when it has been isolated so as to be substantially free
of primers and incomplete products produced during the synthesis of the
desired polynucleotide. Preferably, a purified polynucleotide will also be
substantially free of contaminants which may hinder or otherwise mask the
binding activity of the molecule. In the arrays of the invention, the
polynucleotide compositions are stably associated with the surface of a
solid support, wherein the support may be a flexible or rigid solid
support. Any solid support to which a nucleic acid member may be attached
may be used in the invention. Examples of suitable solid support materials
include, but are not limited to, silicates such as glass and silica gel,
cellulose and nitrocellulose papers, nylon, polystyrene, polymethacrylate,
latex, rubber, and fluorocarbon resins such as TEFLON(tm) The solid support
material may be used in a wide variety of shapes including, but not limited
to slides and beads. Slides provide several functional advantages and thus
are a preferred form of solid support. Due to their flat surface, probe and
hybridization reagents are minimized using glass slides. Slides also enable
the targeted application of reagents, are easy to keep at a constant
temperature, are easy to wash and facilitate the direct visualization of
RNA and/or DNA immobilized on the solid support. Removal of RNA and/or DNA
immobilized on the solid support is also facilitated using slides. The
particular matepal selected as the solid support is not essential to the
invention, as long as it provides the descpbed function. Normally, those
who make or use the invention will select the best commercially available
material based upon the economics of cost and availability, the expected
application requirements of the final product, and the demands of the
overall manufactupng process.Numerous methods are used for attachment of
the nucleic acid members of the invention to the substrate (a process
referred as spotting). For example, polynucleotides are attached using the
techniques of, for example U.S. Pat. No. 5,807,522, which is incorporated
herein by reference for teaching methods of polymer attachment.
Alternatively, spotting is carried out using contact ppnting technology.
The amount of polynucleotide present in each composition will be sufficient
to provide for adequate hybridization and detection of target
polynucleotide sequences during the assay in which the array is employed.
Generally, the amount of each nucleic acid member stably associated with
the solid support of the array is at least about 0.1 ng, preferably at
least about 0.5 ng and more preferably at least about 1 ng, where the
amount may be as high as 1000 ng or higher, but will usually not exceed
about 20 ng. Where the nucleic acid member is "spotted" onto the solid
support in a spot comprising an overall circular dimension, the diameter of
the "spot" will generally range from about 10 to 5,000 mm, usually from
about 20 to 2,000 mm and more usually from about 50 to 1000 mm. 



Control polynucleotides may be spotted on the array and used as target
expression control polynucleotides and mismatch control nucleotides to
monitor non-specific binding or crosshyb pdization to a polynucleotide in
the sample other than the target to which the probe is directed. Mismatch
probes thus indicate whether a hybridization is specific or not. For
example, if the target is present the perfectly matched probes should be
consistently brighter than the mismatched probes In addition, if all
central mismatches are present, the mismatch probes are used to detect a
mutation. Targetpreparation The targets for the microarrays, are depved
from human fluid or tissue samples. It may be desirable to amplify the
target nucleic acid sample ppor to hybridization. One of skill in the art
will appreciate that whatever amplification method is used, if a
quantitative result is desired, care must be taken to use a method that
maintains or controls for the relative frequencies of the amplified
polynucleotides. Methods of "quantitative" amplification are well known to
those of skill in the art. For example, quantitative PCR involves
simultaneously co-amplifying a known quantity of a control sequence using
the same ppmers. This provides an internal standard that may be used to
calibrate the PCR reaction. The high density array may then include probes
specific to the internal standard for quantification of the amplified
polynucleotide. Detailed protocols for quantitative PCR are provided in PCR
Protocols, A Guide to Methods and Applications, Innis et al., Academic
Press, Inc. N.Y., (1990). Other suitable amplification methods include, but
are not limited to polymerase chain reaction (PCR) (Innis, et al., PCR
Protocols. A guide to Methods and Application. Academic Press, Inc. San
Diego, (1990)), hgase chain reaction (LCR) (see Wu and Wallace, Genomics, 4
: 560 (1989), Landegren, et al., Science, 241: 1077 (1988) and Barrmger, et
al., Gene, 89: 117 (1990), transcription amplification (Kwoh, et al., Proc.
Natl. Acad. Sci. USA, 86: 1173 (1989)), and self-sustained sequence
replication (Guatelli, et al., Proc. Nat. Acad. Sci. USA, 87: 1874
(1990)).The invention provides for labeled target or labeled probe. Any
analytically detectable marker that is attached to or incorporated into a
molecule may be used in the invention. An analytically detectable marker
refers to any molecule, moiety or atom which is analytically detected and
quantified. Detectable labels suitable for use in the present invention
include any composition detectable by spectroscopic, photochemical,
biochemical, immunochemical, electrical, optical or chemical means. Useful
labels in the present invention include biotm for staining with labeled
streptavidm conjugate, magnetic beads (e.g., DynabeadsTM), fluorescent dyes
(e.g., fluorescein, texas red, rhodamine, green fluorescent protein, and
the like), radiolabels (e.g., 3H, 125I, 35S, 14C, or 32P), enzymes (e.g.,
horseradish peroxidase, alkaline phosphatase and others commonly used in an
ELISA), and colopmetric labels such as colloidal gold or colored glass or
plastic (e.g., polystyrene, polypropylene, latex, etc.) beads. Patents
teaching the use of such labels include U.S. Pat. Nos. 3,817,837;
3,850,752; 3,939,350; 3,996,345; 4,277,437; 4,275,149, and 4,366,241. Means
of detecting such labels are well known to those of skill in the art. Thus,
for example, radiolabels may be detected using photographic film or
scintillation counters, fluorescent markers may be detected using a
photodetector to detect emitted light. Enzymatic labels are typically
detected by providing the enzyme with a substrate and detecting the
reaction product produced by the action of the enzyme on the substrate, and
colopmetric labels are detected by simply visualizing the colored label.
The labels may be incorporated by any of a number of means well known to
those of skill in the art. However, in a preferred embodiment, the label is
simultaneously incorporated dupng the amplification step in the preparation
of the sample polynucleotides. Thus, for example, polymerase chain reaction
(PCR) with labeled primers or labeled nucleotides will provide a labeled
amplification product. In a preferred embodiment, transcription
amplification, as described above, using a labeled nucleotide (e.g.
fluorescem-labeled UTP and/or CTP) incorporates a label into the
transcribed polynucleotides. Alternatively, a label may be added directly
to the original polynucleotide sample (e g , mRNA, polyA mRNA, cDNA, etc.)
or to the amplification product after the amplification is completed. Means
of attaching labels to polynucleotides are well known to those of skill in
the art and include, for example nick translation or end-labeling (e.g.
with a labeled RNA) by kmasmg of the polynucleotide and subsequent
attachment (ligation) of a polynucleotide linker joining the sample
polynucleotide to a label (e.g., a fluorophore). In a preferred embodiment,
the target will include one or more control molecules which hybridize to
control probes on the microarray to normalize signals generated from the
microarray. Labeled normalization targets are polynucleotide sequences that
are perfectly complementary to control oligonucleotides that are spotted
onto the microarray as described above. The signals obtained from the
normalization controls after hybridization provide a control for variations
in hybridization conditions, label intensity, "reading" efficiency and
other factors that may cause the signal of a perfect hybridization to vary
between arrays.Hybridization conditions Polynucleotide hybridization
involves providing a denatured probe or target nucleic acid member and
target polynucleotide under conditions where the probe or target nucleic
acid member and its complementary target can form stable hybrid duplexes
through complementary base pairing. The polynucleotides that do not form
hybrid duplexes are then washed away leaving the hybridized polynucleotides
to be detected, typically through detection of an attached detectable
label. It is generally recognized that polynucleotides are denatured by
increasing the temperature or decreasing the salt concentration of the
buffer containing the polynucleotides. Under low stringency conditions
(e.g., low temperature and/or high salt) hybrid duplexes (e.g., DNA:DNA,
RNA:RNA, RNA:DNA, cDNA:RNA and cDNA:DNA ) will form even where the annealed
sequences are not perfectly complementary. Thus specificity of
hybridization is reduced at lower stringency. Conversely, at higher
stringency (e.g., higher temperature or lower salt) successful
hybridization requires fewer mismatches. Methods of optimizing
hybridization conditions are well known to those of skill in the art (see,
e.g., Laboratory Techniques in Biochemistry and Molecular Biology, Vol. 24:
Hybridization With Polynucleotide Probes, P. Tyssen, ed. Elsevier, N.Y.,
(1993)). Following hybridization, non-hybridized labeled or unlabeled
polynucleotide is removed from the support surface, conveniently by
washing, thereby generating a pattern of hybridized target polynucleotide
on the substrate surface. A variety of wash solutions are known to those of
skill in the art and may be used. The resultant hybridization patterns of
labeled, hybridized oligonucleotides and/or polynucleotides may be
visualized or detected in a variety of ways, with the particular manner of
detection being chosen based on the particular label of the test
polynucleotide, where representative detection means include scintillation
counting, autoradiography, fluorescence measurement, calopmetpc
measurement, light emission measurement and the like. Image Acquisition and
Data Analysis Following hybridization and any washing step(s) and/or
subsequent treatments, as descpbed above, the resultant hybridization
pattern is detected. In detecting or visualizing the hybridization pattern,
the intensity or signal value of the label will be not only be detected but
quantified, by which is meant that the signal from each spot of the
hybridization will be measured and compared to a unit value corresponding
to the signal emitted by a known number of end labeled target
polynucleotides to 



obtain a count or absolute value of the copy number of each end-labeled
target that is hybridized to a particular spot on the array in the
hybridization pattern. Methods for analyzing the data collected from
hybridization to arrays are well known in the art. For example, where
detection of hybridization involves a fluorescent label, data analysis can
include the steps of determining fluorescent intensity as a function of
substrate position from the data collected, removing outliers, i.e., data
deviating from a predetermined statistical distribution, and calculating
the relative binding affinity of the test polynucleotides from the
remaining data. The resulting data is displayed as an image with the
intensity in each region varying according to thebinding affinity between
associated oligonucleotides and/or polynucleotides and the test
polynucleotides. Following detection or visualization, the hybridization
pattern is used to determine quantitative information about the genetic
profile of the labeled target polynucleotide sample that was contacted with
the array to generate the hybridization pattern, as well as the
physiological source from which the labeled target polynucleotide sample
was derived. By genetic profile is meant information regarding the types of
polynucleotides present in the sample, e.g. in terms of the types of genes
to which they are complementary, as well as the copy number of each
particular polynucleotide in the sample. Diagnostic or Prognostic Tests The
invention provides for diagnostic tests for detecting diseases. The
invention also provides for prognostic tests for monitoring a patient's
response to therapy. According to the method of the invention, the presence
of disease or the patient's response to therapy is detected by obtaining a
fluid or tissue sample from a patient. A sample comprising nucleic acid is
prepared from the fluid or tissue sample. The nucleic acid extracted from
the sample is hybridized to an array comprising a solid substrate and a
plurality of nucleic acid members, wherein each member is indicative of the
presence of disease or a predisposition to a disease or disorder. According
to this diagnostic test, hybridization of the sample comprising nucleic
acid to one or more nucleic acid members on the array is indicative of
disease, a predisposition to a disease or disorder, or m the case of a
prognostic test, indicative of a patient's response to therapy. Kits Kits
containing reagents and instructions to carry out the methods of the
present invention are provided. For example, the kit may comprise reagents
and instructions for detecting mitochondpal deletions, mutations,
heteroplasmies, homoplasmies m tissue specific samples and tissue
associated fluids. The kits may also comprise one or more ppmers which
hybridize to the mitochondrial genome for making a primer extension
product. Kits may also include a solid support such as a disposable chip,
means for holding the solid support, means for extraction of mtDNA and
means for access to a database of mtDNA sequences. For example, a kit to
detect a mtDNA deletion associated with prostate cancer may include the
forward and reverse 3.4 ppmers, reagents, and instructions. Similarly, a
kit to detect a mtDNA deletion associated with sun exposure or NMSC may
include L404 ppmer, H4676 primer, the 3895 probe, reagents and
instructions. Other utilities for the present invention, such as that
described above and in the following examples, will be readily apparent to
those skilled in the art. The present invention is more particularly
described in the following examples which are intended as illustrative only
since numerous modifications and vapations will be apparent to those
skilled in the art.Example 1: Prostate Tumours Following acquisition of
prostate fluid or surgery to remove prostate tumours, biopsy slides are
prepared to identify transforming or cancerous cells. Laser Capture
Microdissection (LCM) microscopy is used to isolate cells that are either
normal, benign, or malignant from the tissue section. Procurement of
diseased cells of interest, such as precancerous cells or invading groups
of cancer cells is possible from among the surrounding heterogeneous cells.
Total DNA extraction from each of these cells was purified according to a
modification of the protocol outlined by Arcturus Engineering Inc. DNA was
extracted from cells with a 50ml volume of 1mg/ml proteinase K (PK), in
1OmM Tps pH 8.0, O.ImM EDTA pH 8.0, and 0.1% Tween 20, at 420C overnight.
Following incubation overnight at 42C the tubes were removed from the
incubation oven. The samples were microcentpfuged for 5 mm at 640O rpm(2000
x g). The CapSure(tm) was removed from the tube and discarded. The tube was
incubated at 950C for 10 minutes (PK is inactivated) and then cooled to
room temperature. 5-50ml of the sample was used for PCR amplification.
Following purification, individual samples are amplified, by LX-PCR using
the approppate primers for hypervapable region 1 (HVl), hypervapable region
2 (HV2) and the entire 12S region These PCR products are then sequenced
using high throughput methods as is well known m the art. Alternatively,
full length mitochondrial genomes may be amplified using the primers in
Table 5. Specific capture and amplification of DNA derived from malignant
tumour cells of any Geason Grade, cells from an adjacent benign gland and
cells from a "distant" benign gland may be amplified. Other prostate
tissues which could and are amplified includes: prostatic intraepithelial
neoplasia (PIN), benign prostatic hyperplasia (BPH), hyperplasia of various
types, stroma, and cells with undetermined changes. This work was done on
prostate tissues from 3 1 individuals electing to have a prostatectomy
because of a prostate cancer diagnosis. Three tissue types were captured:
malignant, adjacent benign and distant benign from each individual. Blood
from each patient was used as a positive, non-diseased tissue control.
Amplification and sequencing of these samples resulted in the novel
mutations seen in Table 4. The mutations of Table 4 are also provided in
SEQ ID No: 102 which lists the substitutions, SEQ ID NOs: 103 to 109 which
lists the deletions, and SEQ ID No: 110 to 138 which lists the insertions.
Polymorphisms and mutation positions were determined by comparison to the
Revised Cambridge Reference Sequence (2001), however the histopcal
numbering has been maintained such that the deletion at position 3106 is
denoted as a gap and the rare polymorphism 750A has been retained. A subset
of this data (7 protein coding regions) was then subjected to principal
component analysis, as is standard in the art, with the following results
as shown in Table Ia:Table Ia The results demonstrate a clear pattern of
malignant transformation. Normal tissue (blood) and malignant tissue
display high clustering frequencies (1.00 and 0.967). Interestingly,
adjacent and distant benign, both of which appear normal in a histological
and pathological sense, show levels of transformation with over 50% of the
samples falling outside the distant benign and adjacent benign intercepts.
Moreover, the same data was analyzed by a neural network, as is standard in
the art, with the following results as shown in Table Ib: Table Ib This
table shows that, in the presence of tumour, all prostate tissue is
considered malignant at the molecular level, even though anatomical
appearance of the tissue may be "normal."Table Ic: MUTATIONREGIONS - NDl,
ND2, COXl and CYTBMETHOD OF INDUCING EMBRYONIC STEM CELLS INTO PANCREATIC
CELLS 



BACKGROUND OF THE INVENTION 1. Field of the Invention This invention
relates generally to a method of inducing embryonic stem cells.
Particularly, the present invention relates to a method for inducing
embryonic stem cells into pancreatic cells, and a kit with the same use. 2.
Description of the Prior Art As the most common metabolic disorder diseases
in human, Diabetes Mellitus affects 4 to 5% of the world population. The
number of patients with diabetes is predicted to exceed 350 million by
2010. Type I diabetes mellitus results from the autoimmune destruction of
the b cells in pancreatic islets. Many research groups are therefore
exploring ways to replace these destroyed insulin-producing cells. Until
now, pancreatic islet cell transplantation is the only effective approach
to cure type I diabetes in addition to insulin injection(Serup P, Madsen
OD, Mandrup-Poulsen T. Islet and stem cell transplantation for treating
diabetes. BMJ 2001;322:29- 32). However, this method could not be widely
utilized due to the severe shortage of transplantable donor islets.
Functional b cell obtained from embryonic stem (ES) cells has been
considered to solve the problem of the shortage of transplantable islets.
ES cells have been shown to be able to differentiate into pancreatic
islet-like clusters, especially pancreatic b cells (Soria B, Roche E, Berna
G, et al. Insulin-secreting cells derived from embryonic stem cells
normalize glycemia in streptozotocin-induced diabetic mice. Diabetes 2000;
49(2):157-162;LumelskyN, Blondel O, Laeng P, et al. Differentiation of
embryonic stem cells to insulin-secreting structures similar to pancreatic
islets. Science 2001 ;292:1 389-1 394;Assady S, Maor G, Amit M, et al.
Insulin production by human embryonic stem cells. Diabetes 2001;
50(8):1691-169.). Soria et al., for the first time, successfully induced ES
cells to differentiate into pancreatic b cells by a cell- Itrapping system
(Soria B, Roche E Berna G, et al. Insulin-secreting cells derived from
embryonic stem cells normalize glycemia in streptozotocin-induced diabetic
mice. Diabetes 2000;49(2):157-162) . This method, however, is a complicated
process involving genetic manipulation. Lumelsky et al (Lumelsky N, Blondel
O, Laeng P, et al. Differentiation of embryonic stem cells to
insulin-secreting structures similar to pancreatic islets. Science 2001;
292:1389-1394) came up with a five-stage method to induce ES cells to
differentiate into insulin-producing islet-like structures without genetic
modification. Hori et al (Hori Y, Rulifson IC, Tsai BC, et al. Growth
inhibitors promote differentiation of insulin-producing tissue from
embryonic stem cells. Proc Natl Acad Sci U S A 2002;99(25):16105-161 10)
and Blyszczuk et al (Blyszczuk P, Czyz J, Kania G, et al. Expression of
Pax4 in embryonic stem cells promotes differentiation of nestin-positive
progenitor and insulin-producing cells. Proc Natl Acad Sci U S A 2003;
100(3):998-1003) improved Lumelsky's five-stage method by adding growth
inhibitor LY294002 or overexpressing pax4 gene. Nonetheless, all these
induction approaches are complicated in certain aspects and take a long
period of time. Hansson et al, (Blyszczuk P, Czyz J, Kania G, et al.
Expression of Pax4 in embryonic stem cells promotes differentiation of
nestin-positive progenitor and insulin-producing cells. Proc Natl Acad Sci
U S A 2003 ;100(3):998- 1003), after using the five-stage method, found
that the absorbance of insulin from the culture medium by ES cell may lead
to false positive result. Therefore, what is needed is to find the specific
induction factors that can induce ES cells to differentiate into pancreatic
b cells in an easy and fast approach. Some factors have been reported to
have the ability to promote the differentiation of definitive endoderm.
Activin A, a member of TGF-b superfamily, is critical for mesoderm and
endoderm formation during gastrulation. When used at a high concentration,
it substantially induces endoderm formation (Kumar M, Jordan N, Melton DA,
et al. Signals from lateral plate mesoderm instruct endoderm toward a
pancreatic fate. Developmental Biology 2003;259: 109- 122; Hill CS. TGF-b
signalling pathways in early Xenopus development. Curr Opin Genet Dev 200
1;11(5):533-540). All-trans retinoic acid (RA) is a well-characterized
signaling moleculethat acts in anteroposterior patterning of neuroectoderm
and mesoderm in vertebrates (Maden M. Role and distribution of retinoic
acid during CNS development. Int Rev Cytol 2001;209:l- 77). Current
evidence indicates that RA is also involved in the regulation of the
embryonic endoderm differentiation pattern especially in the early pancreas
bud formation and it can also improve insulin expression in pancreatic b
cells and FNS-I cell line (Stafford D, Prince VE. Retinoic Acid signaling
is required for a critical early step in Zebrafish pancreatic development.
Current Biology 2002;12(14):1215-1220; Blumentrath J, Neye H, Verspohl EJ.
Effects of retinoids and thiazolidinediones on proliferation, insulin
release, insulin rnRNA, GLUT2 transporter protein and mRNA of INS-I cells.
Cell Biochem Funct 2001; 19: 159-1 69). It has been demonstrated that the
combination of activin A and RA was able to induce Xenopus presumptive
ectoderm region of the blastula to differentiate into pancreatic
insulin-positive cells (Moriya N, Komazaki S, Takahashi S, et al. In vitro
pancreas formation from Xenopus ectoderm treated with activin and retinoic
acid. Develop Growth Differ 2000;42:593-602). SUMMARY OF THE INVENTION It
is an object of the present invention to provide a method for inducing
embryonic stem cells into pancreatic cells. It is another object of the
present invention to provide a kit used for inducing embryonic stem cells
into pancreatic cells. The present invention achieves these and other
objectives by providing a method of inducing embryonic stem cell,
comprising in sequence the steps of: culturing embryonic stem cells in a
cell culture medium to form embryonic bodies; incubating the embryonic
bodies with Activin A;and incubating the embryonic bodies with All-trans
retinoic acid (RA) to develop insulinproducing precursor cells. In one
aspect, the culture medium used in the method is DMEM containing about 10%
fetus calf serum when embryonic stem cells are from mice. In another
aspect, the culture medium is CDM when embryonic stem cells are from
human.In one aspect, the concentration of Activin A is about 50-300ng /ml
culture medium; and the concentration of RA is about 1X 10~7- l X 10 5
mol/L culture medium. In one embodiment, the method further comprises a
step of incubating the embryonic bodies in a culture medium coated with
Metrigel before incubating the embryonic bodies with Activin A. In one
aspect, the mass percentage of the metrigel in the culture medium is about
1%. In another embodiment, the embryonic bodies are incubated with Activin
A for 20 hours-4 days, then cultured in a culture medium without Activin A
for 6-8 hours, and then incubated with RA for 20 hours-4 days to develop
insulin-producing precursor cells. In another embodiment, the method
further comprises a step of incubating the resultant insulin-producing
precursor cells in a culture medium containing maturation factor(s) to
expand insulin-producing precursor cells. In one embodiment, the maturation
factor is bFGF 



with a concentration of 8-12ng/ml. In another embodiment, the method
further comprises a step of incubating the expanded insulin-producing
precursor cells in a culture medium containing N2 supplement, B27
supplement, Laminin, and nicotinamide to develop insulin producing cells.
In one aspect, the culture medium is DMEM/F12 or CDM containing N2
supplement (1:100, commercially available from Gibco), B27 supplement
(1:50, commercially available from Gibco), lmg/ml of Laminin, IOng/ml of
bFGF, Insulin-Transferrin-Selenium-A (1:100, commercially available form
Gibco) and 10mmol/L of nicotinamide. The present invention further provided
a kit for inducing embryonic stem cell differentiation. In one embodiment,
the kit comprises Activin A and RA. In another embodiment, the kit further
comprises Metrigel. In yet another embodiment, the kit further comprises
serum and/or a first culture medium. In one aspect, the Metrigel was coated
on the first culture medium. In another aspect, the Metrigel is provided
separately. In further another aspect, the first culturemedium contains
maturation factors such as bFGF. In another embodiment, the kit further
contains a second culture medium comprising bFGF. BRIEF DESCRIPTION OF THE
DRAWINGS Figure IA shows the three-step method provided in the present
invention which can induce ES cells to differentiate into insulin-positive
cells. Figure 1B is a picture showing the formation of EB cell cluster of
mice ES-Rl cell. Figure 1C is a picture showing epithelial-like
construction of pancreatic precursor cells in step 2 of the three-step
approach. Figure ID-IE are pictures showing cluster-like construction of
cultured cells in step 3 of the three-step approach. Figure 2A shows the
RT-PCR results of the expressions of the marker genes of differentiated
cells induced by either activin or RA at the end of step 2. Figure 2B shows
the RT-PCR results of the expressions of the marker genes of differentiated
cells induced by both activin and RA at the end of step 2. Figure 2C shows
the RT-PCR results of the expressions of the marker genes of differentiated
cells at the end of step 3. Figure 3A shows the immunohistochemistry
results of cells induced by the three-step approach stained with primary
antibody to insulin. Figure 3B shows the immunohistochemistry results of
cells induced by the three-step approach stained with primary antibody to
C-peptide. Figure 3C shows the insulin diaminobenzidine tetrahydrochloride
(DAB) staining results of cells without activin A and RA induction (200X).
Figure 3D shows the insulin DAB staining results of cells with activin A
and RA induction (200X). .Figure 3E and 3G show the expressions of EGFP in
EGFP reporter-transfected ER-Rl cells which have been induced by the
three-step approach, wherein E and G represent different structures (200X).
Figure 3F and 3H show the immunohistochemistry results of EGFP
reporter-transfected ER-Rl cells which have been induced by the three-step
approach stained with primary antibody to insulin, wherein F and H
represent different structures (200 X) . Figure 3 1 shows the result of
insulin release detected by ELISA. Figure 4A shows the comparison of
possibility of survival between differentiated cellstransplanted diabetic
mice (n=9) and PBS-transplanted diabetic mice (n=12). Figure 4B shows the
analysis of blood glucose level of differentiated cells transplanted
diabetic mice (n=5) and PBS transplanted diabetic mice (n=3). Figure 5A
shows the immunohistochemistry results of insulin expression in PBS
transplanted mice (200X). Figure 5B shows the immunohistochemistry results
of insulin expression in differentiated cells-transplanted mice (200 X) .
Figure 6 is a chart showing human Embryonic Stem (hES) cells induction
approach. Figure 7A shows the marker gene expressions of hES which are
induced by CDM act/RA approach. Figure 7B shows the marker gene expressions
of hES which are cultured by CDM only as control. Figures 8A-D are pictures
showing the final induced hES cells expressed C-peptide and Pdxl (400X).
Figures 8 E-H are pictures showing the final induced hES cells expressed
glucagon and C-peptide. Figures 8 I-L are pictures showing the final
induced hES cells expressed amylase and Cpeptide (400X).Figures 8 M-P are
pictures showing the final induced hES cells expressed C-peptide and
somatostatin. Figure 9A is a comparison of terminally differentiated cells
for insulin secretion between suspension culture and adhesion culture.
Figure 9B is a comparison of terminally differentiated cells for C-peptide
release between suspension culture and adhesion culture. Figure 1OA is the
result of blood glucose level comparison among induced celltransplanted
diabetic nude mice, PBS transplanted mice, and non-induced cell
transplanted mice. Figure 1OB is the result of intraperitoneal glucose
tolerance test in the operated mice one Figure 1IA is a picture showing
human C-peptide expression in induced cells (400X) . Figure 1IB shows the
result of human nuclear specific antibody staining, indicating Cpeptide
positive cells are derived from human ES cells (400X). DETAILED DESCRIPTION
OF THE PREFERRED EMBODIMENT Previous studies showed that ES cells could be
specifically induced to differentiate into pancreatic b cells (Blyszczuk P,
Czyz J, Kania G, et al. Expression of Pax4 in embryonic stem cells promotes
differentiation of nestin-positive progenitor and insulin-producing cells.
Proc Natl Acad Sci U S A 2003;100(3):998-1003; Hansson M, Tonning A,
Frandsen U, et al. Artifactual Insulin Release From Differentiated
Embryonic Stem Cells. Diabetes 2004; 53:2603-2609). However, most of
induction strategies took about one month to obtain insulinpositive cells.
In this study, a novel three-step approach was developed based on
combination of activin A, RA and other maturation factors such as matrigel,
nicotinamide, basic fibroblast growth factor (bFGF). At the end of the
third step of our approach, these induced cells form small islet-like
clusters and express pancreatic b cell markers including insulin, pdx-1,
glut2, isll and hnf3b, and can also rescue STZ-treated diabetic mice upon
transplantation.Three factors, i.e., activin A, RA and matrigel, play
important roles in our experimental induction of pancreatic b cells.
Activin A is important for early definitive endoderm 



development. It is a disulfide-stabilized protein that belongs to the TGF-b
superfamily. The binding of activin to the cell surface receptor can induce
the expression of many genes including mixll and goosecoid, which is
important for early endoderm development (Kumar M, Jordan N, Melton DA, et
al. Signals from lateral plate mesoderm instruct endoderm toward a
pancreatic fate. Developmental Biology 2003;259: 109-122; Hill CS. TGF-b
signalling pathways in early Xenopus development. Curr Opin Genet Dev 200
1;11(5):533-540). Kubo et al reported that activin A could induce ES cells
to differentiate into definitive endoderm cells (Kubo A, Shinozaki K,
Shannon JM, et al. Development of definitive endoderm from embryonic stem
cells in culture. Development 2004; 13 1:165 1-1662). In addition, activin
A can improve insulin secretion in cultured human pancreatic islets (Florio
P, Luisi S, Marchetti P, et al. Activin A stimulates insulin secretion in
cultured human pancreatic islets. J Endocrinol Invest 2000;23(4):23 1-234)
and regulate differentiation of pancreatic b cells during development and
regeneration of b cells in diabetic neonatal rats (Lei L, Yi Z, Seno M, et
al. Activin A and Betacellulin Effect on Regeneration of Pancreatic b-Cells
in Neonatal Streptozotocin-Treated Rats. Diabetes 2004; 53:608-615). A
combination of these functions of activin A can explain how the activin A
works in our system. Second, it has been recently demonstrated that RA is
an important signaling molecule in the development of the early embryonic
pancreas in addition to functions on induction of ectoderm and mesoderm
development (Maden M. Role and distribution of retinoic acid during CNS
development. Int Rev Cytol 2001 ;209: 1-77). During zebrafish development,
increased RA signaling can induce remarkable anterior expansion of the
pancreas and liver endoderm. Conversely, inhibition of RA signaling by
BMS493 inhibits early pancreas differentiation from embryonic endoderm
(Stafford D, Prince VE. Retinoic Acid signaling is required for a critical
early step in Zebrafish pancreatic development. Current Biology 2002; 12(1
4): 12 15-1220). Furthermore, Micallef et al. reported that RA could induce
pdxl positive endoderm formation when added at the fourth dayof mouse
embryonic stem cell differentiation (Micallef SJ, Janes ME, Knezevic K, et
al. Retinoic Acid Induces Pdxl -Positive Endoderm in Differentiating Mouse
Embryonic Stem Cells. Diabetes 2004 Dec 7 [Epub ahead of print]). For
pancreas maturation, RA plays a role in the differentiation of endocrine
and ductal cells, predominantly through paracrine actions and upregulation
of pdx-1 gene (Tulachan SS, Doi R, Kawaguchi Y, et al. All-trans retinoic
acid induces differentiation of ducts and endocrine cells by
mesenchymal/epithelial interactions in embryonic pancreas. Diabetes 2003;
52(l):76-84). RA is also found to promote endocrine lineage at the expense
of exocrine differentiation during dorsal pancreas development (Chen Y, Pan
FC, Brandes N, et al. Retinoic acid signaling is essential for pancreas
development and promotes endocrine at the expense of exocrine cell
differentiation in Xenopus. Developmental Biology 2004; 271 :144-160).
Therefore, it is clear that RA can facilitate the development of pancreatic
precursor cells and endocrine cells. During the time when ES cells
differentiate toward endoderm lineage upon Activin A induction, RA will
further promote endoderm lineage specialize into pancreatic progenitors.
After activin A and RA induction, differentiated embryonic stem cells can
express pancreatic progenitor markers such as pdxl, hnb aand hnf4 b . These
data indicated that combination of activin A and RA was able to induce
early pancreatic cell differentiation from embryonic stem cells. The
present invention also demonstrated that induction with both activin A and
RA is more efficient than with only one of the two factors. It has been
demonstrated that matrigel functioned as an important extracellular matrix
for pancreas differentiation and maturation in vitro. Matrigel, a mixture
of extracellular matrix including laminin and growth factors such as FGF
and TGF , is essential for pancreatic progenitor cell migration, the
formation of three dimensional cystic structures, and protrusion of islet
bud (Gao R, Ustinov J, Pulkkinen MA, et al. Characterization of Endocrine
Progenitor Cells and Critical Factors for Their Differentiation in Human
Adult Pancreatic Cell Culture. Diabetes 2003; 52:2007-201 5). Gittes GK et
al also proved that laminin, one of the major components of matrigel, is
involved in mouse embryonic pancreatic duct lineage selection (Jiang FX,
Cram DS, DeAizpurua HJ, et al. Laminin- 1 promotes differentiation offetal
mouse pancreatic betacells. Diabetes 1999; 48:722-730; Crisera CA, Kadison
AS, Breslow GD, et al. Expression and role of laminin-1 in mouse pancreatic
organogenesis. Diabetes 2000; 49:936-944). Moreover, if human pancreatic
ductal epithelial cells are cultured on the matrigel, they can form
insulin-positive islet-like clusters (Bonner-Weir S, Taneja M, Weir GC, et
al. In vitro cultivation of human islets from expanded ductal tissue. Proc
Natl Acad Sci U S A 2000;97:7999-8004). The present invention demonstrated
that matrigel was necessary for small islet-like cluster formation during
induction. IfES cells were cultured on the laminin or gelatin matrix alone,
cell clusters could not form well. As being further shown in the
illustrative examples hereafter, differentiated cells grew better on
matrigel than on laminin or gelatin, which indicates that matrigel can
offer more induction factors than laminin or gelatin. The present invention
has provided a novel three-step approach with combination of activin A, RA,
and optionally, other maturation factors which can induce ES cells to
differentiate into functional insulin-producing cells in a short period.
The results indicate TGF- b and RA signals are critical for pancreatic b
cell development and maturation. The insulin positive cells can further
express characteristic pancreatic b cell marker genes such as insulinl,
pdxl, glut2, hnb b and isll. Moreover, by using vectors carrying reporter
gene located downstream of insulin promoter, the present invention can
reduce the false positive rate, thereby actually inducing ES cells to
differentiate into insulin-producing cells. Further, as demonstrated by
examples hereunder, the present invention can also rescue the streptozocin
(STZ)-induced diabetic mice when being transplanted under renal capsules.
The induction system described herein offers a new in vitro induction model
for studying the mechanism of pancreatic b cell formation and
differentiation, and provides a potential source of insulinproducing cells
for transplantation therapy of type I diabetes mellitus. Having now
generally described the invention, the same will be more readily understood
through reference to the following examples, which are provided by way of
illustration and are not intended to be limiting of the present
invention.Examples Example 1 Induction of mice embryonic stem cells into
pancreatic cells Unless specified, percentage used in the examples refers
to mass percentage. A well-tested ES cell line, ES-Rl (Nagy A, Rossant J,
Nagy R, et al. Derivation of completely cell culture-derived mice from
early-passage embryonic stem cells. Proc. Natl. Acad. Sci. USA 1993;
90:8424-8428) was cultured in Dulbecco's Modified Eagle Medium (DMEM,
Gibco-BRL) with 20% fetal bovine serum (FBS) (Gibco-BRL) and 1000 U/ml
leukemia inhibitory factor (LIF, Gibco-BRL). 1. ES cell culture and
differentiation conditions. The approach of ES cells differentiating into
pancreatic bcells (three step approach, see Figure IA) is as follows: 



Step 1, to induce embryonic body (EB) formation, ES cells were dissociated
with trypsin and suspended into Petri dishes (Alpha medical instrument)
with 10% FBS/DMEM without LIF. After 24 to 48 hours (See Figure IB), EBs
were collected and re-plated into 10% FBS/DMEM without LIF in 1% Matrigel
(BD Biosciences) coated dishes. Two hours later, EBs began to spread onto
the dishes and were cultured in 10% FBS/DMEM with 100 ng/ml activin A
(Sigma) for 24 hours. Then EBs were switched to 10% FBS/DMEM for 6-8 hours
as an interval. After this interval, the differentiated EB cells were
cultured in 10% FBS/DMEM with 10 6M RA (Sigma) for another 24 hours. Step
2, to expand insulin-producing precursors, the differentiated EB cells were
cultured in 10% FBS/DMEM with 10 ng/ml bFGF (Sigma) for 3-5 days, during
which most cells showed epithelial-like construction (see Figure 1C). Step
3, to mature the insulin producing cells, the expanded cells in step 2 were
switched to DMEM/F12 (Gibco-BRL) with N2 supplement ( 1:100,Gibco-BRL), B27
supplement ( 1:50Gibco-BRL), 1 mg/ml Laminin (Sigma), 10 ng/ml bFGF (Sigma)
and 10 mM nicotinamide (Sigma) and cultured for 3-5 days (Lumelsky N,
Blondel O, Laeng P, et al. Differentiation of embryonic stem cells to
insulin-secreting structures similar to pancreatic islets. Science 2001;
292:1389-1394.) The morphology of cells was observed under a Nikon
phase-contrast microscope (TS-100). The results show the cultured cells
formed cluster-like construction (see figures ID and IE). 2. RT-PCR
analysis of gene expression in differentiated cells. Total RNA was
extracted by Catrimox-14 kit (TaKaRa) from the cells in step 2 or step 3
which were induced by both with and without activin A and RA or with only
one of them. Then RNA was reverse-transcribed into cDNA by MMLV reverse
transcriptase (Promega). PCR was performed with Ex Taq polymerase (TaKaRa)
in PCR buffer. Cycle conditions were as follows: 94 C for 5 min followed by
35 cycles (94 C denaturation for 50 sec, 56-58 0C annealing for 30 sec, 72
0C elongation for 40 sec), with a final incubation at 72 0C for 4min. PCR
primers of pdxl, glut2, IsIl b-actin etc. were designed with Prime Premier
5.0. The sequences for the PCR primers (sense and antisense, respectively)
are: InsulM: TAGTGACCAGCTATAATCAGAG (SEQ ID No.l) and ACGCCAAGGTCTGAAGGTCC
(288bp) (SEQ ID No.2); hnb b:ACCTGAGTCCGAGTCTGACC (SEQ ID No.3) / /
GGCACCTTGAGAAAGCAGTC (345bp) (SEQ ID No.4); pdxl: CTTAGCGTGTCGCCACAGCCCTCCA
(SEQ ID NO.5) and TCCAACAGCCGCCTTTCGTTATTCT (472hp) (SEQ ID No.6); glut2:
GGATAAATTCGCCTGGATGA(SEQ ID NO.7) and TTCCTTTGGTTTCTGGAACT (299bp) (SEQ ID
No.8); isll: ATTTGCCACCTAGCCACAGCACC (SEQ ID No.9) and
CGCATTTGATCCCGTACAACCTG (335bp) (SEQ ID No.l 0);b-actin:
CCTGAACCCTAAGGCCAACCGTGAA (SEQ ID No.l 1) and ATACCCAAGAAGGAAGGCTGGAAAA
(480bp) (SEQ ID No. 12); hnf4a: ACACGTCCCCATCTGAAG (SEQ ID No. 13) and
CTTCCTTCTTCATGCCAG (269bp) (SEQ ID No. 14). The result is shown in figures
2A-2C, row one in figure 2A shows the result of using only activin A
induction, and at the end of step 2, the cells thus treated mainly express
hnf3b and pdx-1 ; row 2 shows the result of using only RA induction, and at
the end of step 2, cells thus treated express only hnb b. Figure 2B shows
the result of using both activin A and RA induction, and at the end of step
2, the cells thus treated express marker genes pdx-1, hnb b, insulinl and
hnf4a; Figure 2c indicates at the end of step 3, cell induced by both
activin A and RA mainly express insulinl, pdx-1, isll, glut2 and hnf3b
(lane 3 "+"). In figures 2A-2C, -RT means there is no negative control for
reverse transcription; blank means negative control in which only water is
used. In figure 2C, "Pancreas" in lane 1 is the positive control for mature
mice pancreatic cells; symbol "-" in lane 2 represents there is no activin
A and RA induced mice ES-Rl cell at the end of step 3; symbol "+"
represents there are activin A and RA induced mice ES-Rl cells at the end
of step 3. These cells did not express markers of other islet endocrine
cells (non-b cell) such as glucagon or somatostatin. This result suggests
that TGF-b and RA signals may be specific for pancreatic b cell development
and maturation. The induction was found to be strictly activin Aand
RA-dependent, as absence of either one of them resulted in almost no small
cluster formation and the induced cells did not express or only weakly
expressed insulin, pdxl, isll, glut2 and hnb b (see Fig. 2C lane 2).
Moreover, we found that if the dishes were coated with laminin or gelatin,
instead of matrigel, no cell clusters formed in the third step. 3.
Immunohistochemistry assay. Immunohistochemistry assay was taken to
demonstrate induced insulin-positive cell can also express C-peptide:
Induced cells in step 3 were fixed in 4% paraformaldehyde and washedthree
times by PBS, and then incubated with 10% normal goat serum or rabbit serum
for 20 min at room temperature. Goat serum were removed, and the cells were
incubated with primary antibody to insulin (Rabbit polyclonal IgG, 1:200,
Santa Cruz) or to C-peptide (Linco) overnight at 40C, and further incubated
with secondary antibody Rhodamine-conjugated goat anti-rabbit IgG,
FITC-conjugated rabbit anti- goat IgG ( 1:200, Santa Cruz) or
biotin-conjugated IgG (work solution, Santa Cruz). DAB was utilized as
reaction substrate when biotinconjugated IgG was used as secondary
antibody. Images were captured using an Olympus phase contrast microscope
(Olympus IX-71). The result shows the cells can express both insulin and
C-peptide (Figures 3A and 3B). DTZ staining (Shiroi A, Yoshikawa M, Yokota
H, et al. Identification of insulinproducing cells derived from embryonic
stem cells by Zinc-Chelating Dithizone. STEM CELLS 2002;20(4):284-292.) was
used to test the cells developed by the three-step approach or cells
developed without activin A and RA induction (control). The result
indicated DTZ positive cell clusters (carmine) developed after the
three-step treatment (figure 3D), but not in control group (figure 3C),
which indicates the resultant cell clusters contain insulin-positive cells.
4. EGFP reporter construction and ES cell transfection. Evidence shows the
ES cell progeny could uptake insulin from culture medium and then could be
stained positive by insulin antibody (Hori Y, Rulifson IC, Tsai BC, et al.
Growth inhibitors promote differentiation of insulin-producing tissue from
embryonic stem cells. Proc Natl Acad Sci U S A 2002;99(25): 16105- 16110).
To confirm whether the insulin was actually generated by the induced
clusters, an EGFP-reporter system was used to detect the insulin
expression. Rl ES cells were transfected with an EGFP-reporter vector, in
which a green fluorescent protein cDNA was driven by an insulin promoter.
ES cells that have incorporated this vector were selected by G418 and
induced with activin A and RA. The details are as follows: A human-insulin
promoter-EGFP vector was constructed. A 0.4 kb Xba I and Hind IIIfragment
containing human-insulin promoter from pFOXCAT-362 hlns (Odagiri H, Wang
JH, 



and German MS. Function of the Human Insulin Promoter in Primary Cultured
Islet Cells. THE JOURNAL OF BIOLOGICAL CHEMISTRY 1996;271(4):1909-1915) was
ligated to the pCMV-EGFPN3 (BD Biosciences) whose CMV promoter was removed
by Asel-Hindlll digestion. This vector with neomycin resistance was
transfected into the ES Rl cell line by electroporation and positive ES
clones were selected with 250 mg/ml G418 (Gibco-BRL). The selected positive
clones of mice ES-Rl were firstly stimulated by activin A and RA, then the
resultant small cell clusters were detected by EGFP. The result of EGFP is
shown in Figures 3E and 3G, in which the expression of EGFP can be detected
in small cell clusters. Furthermore, the expression is corresponding to
insulin expression (Figures 3F and 3H, detected by the immunohistochemistry
method in step 3.). There data indicate the combination of activin A and
RA, as well as other maturation factors can induce ES cells to
differentiate into pancreatic cells. 5. Insulin release test by ELISA. To
further test whether the insulin release of induced cells was
glucose-dependent, two glucose concentrations (5.5 mM and 27.7 mM) were
used. Cells were preincubated with Krebs- Ringer buffer containing 2.5 mM
glucose (pH 7.4) at 370C for 90 min. To induce insulin release, the cells
were then incubated with Krebs-Ringer buffer with 27.7mM glucose for 15
minutes at 370C (Sample A). Another group of cells were preincubated with
Krebs-Ringer buffer containing 2.5 mM glucose at 370C for 90 min. To induce
insulin release, the cells were then incubated with Krebs-Ringer buffer
with 5.5mM glucose for 15 minutes at 370C (Sample B, as control). Then the
conditioned medium was collected. The two medium samples were tested for
insulin release content by Rat/Mouse Insulin ELISA Kit (CRYSTAL CHEM INC).
The total cell protein content was tested by BCA(tm) Protein Assay Kit
(PIERCE). The results indicate the amount of released insulin under high
glucose concentration is about 5 times higher than that under low glucose
concentration (See figure 31, the unit of insulin content is ng(insulin)/mg
(total cell protein); column A shows the insulin level after treated with
27.7 mMglucose medium, which is nearly five times higher than that in
column B (5.5 mM glucose medium)). The result indicates the secretion of
insulin by insulin-positive cells derived from ES can also be regulated by
glucose concentration. 6. Transplantation of insulin-producing cells under
renal subcapsule. To test if insulin-positive cells derived from ES cells
can rescue diabetic mice, the differentiated cells were transplanted into
the left renal capsules of STZ-induced diabetic mice (n=9). Details are as
follows: Streptozotocin (STZ, Sigma) was injected by i. p. at 50 mg/kg into
six to eight week old 129 male mice for 5 days to induce experimental
diabetes before cell or PBS transplantation. When the blood glucose of
STZ-treated mice was above 13.9 mM, 1x 106 insulin-producing cells were
transplanted into the left renal capsule. PBS treatment was acted as
control (n=12). Blood glucose was measured by GlucoTREND2 (Roche) from
snipped tail. Cryostat sections of the operated kidneys were prepared and
insulin expression of transplanted cells in the renal capsule was tested by
immunohistochemistry. The result indicates differentiated cells-treated
diabetic mice (n=9) survived longer and the survival probability reached
70%, while survival probability of PBS-transplanted diabetic mice (n=12,
real line) was 25% (Figure 4A). Furthermore, the survival mice can maintain
their body weight at normal level. About two weeks later, Blood glucose
level of cell-transplanted diabetic mice came back to normal level
(<13.9mM); in contrast, the glucose level of PBS transplanted mice (n=3)
still retained high blood glucose (>13.9mM) (Figure 4B). In addition, after
the cell-transplanted left kidney was removed, the blood glucose level of
the mice increased up to 14mM. Insulin positive cells were not detected in
PBS injected left kidney by primary antibody to insulin (Figure 5A);
insulin positive cells was detected only in the differentiated cell-treated
kidney of STZdiabetic mice (Figure 5B). There results indicate
insulin-positive cells derived from ES cells can rescue diabetic
mice.Example 2 Induction of human embryonic stem cells into pancreatic
cells Human ES cell line, Hl or H9 (Thomson JA, Itskovitz-Eldor J Shapiro
SS, et al. Embryonic Stem Cell Lines Derived from Human Blastocysts.
Science 1998,282:1 145-1 147.), were used in the present invention. The
cells were cultured under 37C . The culture system is chemical defined
medium (CDM: 50%IMDM (Gibco), 50%F12 (Gibco), monothioglycerol
(sigma)450uM, insulin-transferrin-seleninumA (ITS, Gibco), Albumin Fraction
V (Sigma) 5mg/ml). Briefly, hES cells are transferred into CDM for
differentiation. Then, activin A and RA were used to induce hES cells into
pancreatic progenitors. On this basis, islet culturing condition as
described in mES induction approach is utilized to further mature
hES-derived pancreatic b cell. For differentiation, our protocol was
designed as follows: in the first step, hES cells were passaged onto 1%
Matrigel (B&D Biosciences)-coated tissue culture dishes (Nunc). Then, the
culture medium was changed to modified CDM as described ( 11): 50% IMDM
(Gibco) plus 50% F12 NUT-MIX (Gibco), supplemented with
Insulin-Transferrin-Selenium-A (1:100, Gibco) and 450 mM of
monothioglycerol (Sigma), and 5 mg/ml albumin fraction V (Sigma). Two days
later, the cells were induced with CDM containing 50ng/ml activin A (Sigma)
for 4 days. In the second step, after 4 days of activin A induction, the
cells were transferred into CDM with 10 6 M RA (Sigma) for another 4 days.
In the third step, the culture medium was changed from CDM to modified
islet maturation medium (12): DMEM/F12 (Gibco), Insulin-
Transferrin-Selenium-A ( 1:100, Gibco) and 2 mg/ml albumin fraction V
(Sigma) with 10 ng/ml bFGF (Invitrogen) for the first 3 days and with 10 mM
nicotinamide (Sigma) for the next 2 days. The cells were then digested by
0.5 mg/ml dispase (Gibco) and transferred into Ultra Low Attachment culture
dishes (Costar) for 5 days form suspension culture to achieve islet
maturation.2. RT-PCR analysis of gene expression in differentiated cells.
The expression of somastatin (SST), GIut2, Amylase(Amy), Soxl7, Hnf4a,
pdx-1, Insulin (INS), Hb9, glucokinase(GCK), IFABP etc. in differentiated
cells and control cells (cultured in CDM without activin A and RA
induction) were detected by RT-PCR, according to the method described in
section 2 of example 1. Here, differentiated cell refers to maturation b
cells obtained by following the three-step method. Control cells refer to
cells which have been induced by either activin A or RA. The sequences for
the PCR primers (sense and antisense, respectively) are: gapd:
GTCATTGAGAGCALTGCCAG (SEQ ID No. 15) and GTGTTCCTACCCCCAATGTG (200bp) (SEQ
ID No.16); soxl 7: CAGTGACGACCAGAGCCAGACC (SEQ ID No. 17) and
CCACGACTTGCCCAGCATCTT (292bp) (SEQ ID No. 18); pdxl: ACCAAAGCTCACGCGTGGAAA
(SEQ ID No. 19) and TGATGTGTCTCTCGGTCAAGTT (200bp) (SEQ ID No.20); hlxb9:
CCTAAGATGCCCGACTTCAACTCCC (SEQ ID No.21) and GCCCTTCTGTTTCTCCGCTTCCTG
(276bp) (SEQ ID No.22); 



hnf4a: ATCAGAAGGCACCAACCTCAAC (SEQ ID No.23) and TGTCTTTGTCCACCACGCACT
(197bp) (SEQ ID No.24); insulin: GAGGCCATCAAGCACCATCAC (SEQ ID No.25) and
GGCTGCGTCTAGTTGCAGTA (373bp) (SEQ ID No.26); glut2: GCTACCGACAGCCTATTCTA
(SEQ ID NO.27) and CAAGTCCACTGACATGAAG (267bp) (SEQ ID No.28); amylase
(amy): CTGACAACTTCAAAGCAAA (SEQ ID No.29) and TACAGCATCCACATAAATACGA
(358bp) (SEQ ID No.30) ; somatostatin (SST): GATGCTGTCCTGCCGCCTCC (SEQ ID
No.3 1) and TGCCATAGCCGGGTTTGA (292bp) (SEQ ID No.32);surl:
TTGCCGAAACCGTAGAAGGA (SEQ ID NO.33) and TTGGAGACCATTAGGGCGTAG(268bp) (SEQ
ID No.34); glucagon (GCG): AGGCAGACCCACTCAGTGA (SEQ ID No.35) and
AACAATGGCGACCTCTTCTG (308bp) (SEQ ID No.36); glucokinase (GCK): AGGGAA
TGCTTGCCGACTC (SEQ ID No.37) and CACTGGCCTCTTCATGGGT (375bp) (SEQ ID
No.38). The results are shown in figures 7A and 7B, which indicate
differentiated Es cells can express the marker genes of maturation b cells
such as insulinl, pdx-1, glucokinase and glut2 (Figure 7A). In contrast,
the control group basically does not express any of the marker gene (Figure
7B). 3. Immunohistochemistry assay. Induced cells were fixed in 4%
paraformaldehyde and washed three times by PBS, then incubated with PBS
containing 0.3% tritonX-100 (Sigma) and 10% normal serum for 40 mins at
room temperature. The cells were then incubated with primary antibody to
Goat antihuman sox 17 antibody (1:40, R&D SYSTEMS), Mouse anti-human
insulin monoclonal antibody (1:100, CHEMICON), Rabbit anti-human C-peptide
antibody (1:200, Linco), glucagon (Goat polyclonal IgG, 1:200, Santa Cruz),
pdxl (Goat polyclonal IgG, 1:200, Santa Cruz), amylase (Rabbit polyclonal
IgG, 1:500, Sigma), ngn3 (Goat polyclonal IgG, 1:200, Santa Cruz) or
somatostatin (Goat polyclonal IgG, 1:200, Santa Cruz) overnight at 40C, and
further incubated with secondary antibody respectively: TRITC-conjugated
goat anti-rabbit IgG, FITC-conjugated rabbit anti-goat IgG5 FITC-conju
gated Goat anti-Mouse IgG, FITCconjugated Donkey anti-goat IgG or
TRITC-conjugated Donkey anti-rabbit IgG ( 1:200, all from Jackson
ImmunoResearch, INC.). Nuclei were detected by DAPI (Sigma) staining.
Images were captured using an Olympus phase contrast microscope (Olympus
IX-71). Thepercent of C-peptide positive cells was calculated with
Image-Pro Plus software (Media Cybernetics). The results show the cells can
express pancreatic beta cell genes such as C-peptide, pdx-1 etc (Figures
8). 4. Transplantation of insulin-producing cells under renal subcapsule.
To test if insulin-positive cells derived from ES cells can normally
function in vivo, the differentiated cells were transplanted into the left
renal capsules of STZ-induced diabetic mice (n=12). Details are as follows:
The Institutional Animal Care and Use Committees of Peking University
approved all animal procedures. Streptozotocin (STZ, Sigma) was injected i.
p. at 40 mg/kg into 4-6 weekold BALB/c male nude mice for 5 days to induce
experimental diabetes before cells or PBS transplantation. When the
STZ-treated mice had developed diabetes, about IxIO6 induced cells were
transplanted into the left renal capsule. PBS or cells without activin A
and RA induction were used as control. A glucose tolerance test was
performed by i.g. glucose (2.5 g kg 1body weight) after overnight fasting.
Blood glucose was measured by GlucoTREND2 (Roche) from snipped tail.
Cryostat sections of the operated kidneys were prepared and Cpeptide
expression of the renal capsule transplanted cells was confirmed by
immunohistochemistry. The hES-derived cells were detected by Mouse
anti-human nuclei monoclonal antibody ( 1:30, CHEMICON). Images were
captured using an Olympus phase contrast microscope (Olympus IX-71). The
results show insulin positive cells were not detected in PBS injected
kidney; the results from transplanted mice were shown in Figures 1IA and
1IB. Transplanted human ES-derived differentiated cells can express
C-peptide(Figure 1IA). The C-peptide positive cells can be stained by
antibodies specific to human nuclear, indicating the cells are derived from
human ES cells (Figure 1IB). Experimental induction of human embryonic stem
(hES) cells to become pancreatic b cells is a potential source for cell
transplantation therapy of type I diabetes mellitus. The threestep approach
provided here is able to induce hES to differentiate into functional
insulinproducing cells. This method, which is based on culturing hES in
chemically defined medium (CDM) with activin A, all-trans retinoic acid
(RA) and other maturation. factors (see Figure 6), mimics the signaling of
pancreas development in vivo. The hES-derived cells express pancreatic b
cell markers such as pdxl, insulin, glucokinase and glut2 by RT-PCR test
(see Figure 7). These cells are C-peptide, pdxl, glucagon, somatostatin or
amylase positive, and Cpeptide positive excludes the possibility of insulin
uptake by immunohistochemistry test (see Figure 8). To further test whether
the insulin release of induced cells was glucose-dependent, two glucose
concentrations (2.5 mM and 27.5 niM) were used. After pre-incubated with
Krebs-Ringer buffer at 37oC for 90 min, the cells were first incubated with
Krebs-Ringer buffer containing 2.5 mM glucose at 37oC for 15 minutes. To
induce insulin release, the cells were incubated with 27.5 mM glucose for
another 15 minutes. Then the respective conditioned mediums were collected.
The two medium samples were tested for insulin release content with a
Rat/Mouse Insulin ELISA Kit (Linco). The intracellular C-peptide
concentration was detected with a Human C-peptide ELISA Kit (Linco). The
total cell protein content was tested with a BCATM Protein Assay Kit
(PIERCE). We found that for the cells induced in the suspension culture,
the insulin secretion was increase by 200% in the high glucose medium
compared to the low glucose medium (Fig. 9A). Moreover, the intracellular
C-peptide content was also increased in the cells produced with the
suspension culture (Fig. 9B). However,insulin secretion from the cells in
the adhesion culture did not respond to glucose stimulation (Fig. 9A, B).
These data indicated that the suspension culture resulted in more efficient
maturation of islet-like cells than the adhesion culture. To investigate
whether the induced cells could function in vivo, we transplanted the
differentiated cells under the renal capsules of diabetic nude mice. The
blood glucose of 30% of the induced cell-transplanted mice was maintained
at normal levels (<13.9 mM) for nearly six weeks (Fig 10A). The glucose
tolerance test indicated that these 30% blood glucose rescued nude mice
also attained improved glucose regulation capability compared to that of
control -operated mice (Fig 10B). One month after transplantation,
C-peptide positive cells were detected in the kidney capsules transplanted
with the cells induced by the three-stage approach. These cells were
stained by human nuclei specific antibody, which indicated that these
C-peptide positive cells were derived from the injected hES cells (Fig. 1IA
and 1IB). 



These results clearly showed that the hES cell-derived insulin-producing
cells were not only able to survive; they rescued 30% of STZ-induced
diabetic mice in vivo. The findings reported here offer a novel i vitro
model to study the development mechanism of human islet cells and these
hES-derived insulin-producing cells may be utilized in future for
transplantation therapy of type I diabetes mellitus.What is claimed is, 1.
A method for inducing embryonic stem cell, comprising in sequence the steps
of: culturing embryonic stem cells in a cell culture medium to form
embryonic bodies; incubating the embryonic bodies with Activin A;and
incubating the embryonic bodies with RA to develop insulin-producing
precursor cells. 2. The method of claim 1, wherein the culture medium is
DMEM containing about 10% fetus calf serum when embryonic stem cells are
from mice and the culture medium is CDM when embryonic stem cells are from
human. 3. The method of claim 1, wherein the concentration of Activin A is
about 50-300ng /ml culture medium; and the concentration of RA is about 1X
10 ~7- l X 10 5 mol/L culture medium. 4. The method of claim 3, further
comprising the step of coating a culture vessel used to contain the culture
medium with Metrigel before the step of culturing embryonic stem cells in
the cell culture medium to form embryonic bodies. 5. The method of claim 4,
wherein the mass percentage of the metrigel is about 1% of the culture
medium. 6. The method of claim 5, wherein the embryonic bodies are
incubated with Activin A for 20 hours-4 days, then cultured in a culture
medium without Activin A for 6-8 hours, and then incubated with RA for 20
hours-4days to develop insulin-producing precursor cells. 7. The method of
claim 6, further comprising the step of incubating the resultant
insulinproducing precursor cells in a culture medium containing maturation
factor(s) to expand insulin-producing precursor cells. 8. The method of
claim 7, wherein the maturation factor(s) include bFGF. 9. The method of
claim 8, wherein the concentration of bFGF is 8-12ng/ml.10. The method of
claim 9, further comprising the step of incubating the expanded
insulinproducing precursor cells in a culture medium containing N2
supplement, B27 supplement, Laminin, and nicotinamide to develop insulin
producing cells. 11. The method of claim 10, wherein the culture medium is
DMEM/F12 or CDM containing N2 supplement, B27 supplement, l mg/ml of
Laminin, 10ng/ml of bFGF, Insulin- Transferrin-Selenium-A (1:100) and
10mmol/L of nicotinamide. 12. A kit for inducing embryonic stem cell,
comprising Activin A and RA. 13. The kit of claim 12, further comprising
Metrigel. 14. The kit of claim 13, further comprising a first cell culture
medium. 15. The kit of claim 14, further comprising serum.IP060040-SEQUENCE
LISTING SEQUENCE LISTING <110> Peking University <120> METHOD OF INDUCING
EMBRYONIC STEM CELLS INTO PANCREATIC CELLS <130> 111 <160> 38 <170>
Patentln version 3 . 1 <210> 1 <211> 22 <212> DNA <213> artificial sequence
<220> <223> primer <400> 1 tagtgaccag ctataatcag ag 22 <210> 2 <211> 20
<212> DNA <213> artificial sequence <220> <223> primer <400> 2 acgccaaggt
ctgaaggtcc 20 <210> 3 <211> 20 <212> DNA <213> artificial sequence <220>
<223> primer <400> 3IP060040-SEQUENCE LISTING acctgagtcc gagtctgacc 20
<210> 4 <211> 20 <212> DNA <213> artificial sequence <220> <223> primer
<400> 4 ggcaccttga gaaagcagtc 20 <210> 5 <211> 25 <212> DNA <213>
artificial sequence <220> <223> primer <400> 5 cttagcgtgt cgccacagcc ctcca
25 <210> 6 <211> 25 <212> DNA 



<213> artificial sequence <220> <223> primer <400> 6 tccaacagcc gcctttcgtt
attct 25 <210> 7 <211> 20 <212> DNA <213> artificial sequence <220> <223>
primer <400> 7 ggataaattc gcctggatga 20IP060040-SEQUENCE LISTING <210> 8
<211> 20 <212> DNA <213> artificial sequence <220> <223> primer <400> 8
ttcctttggt ttctggaact 20 <210> 9 <211> 23 <212> DNA <213> artificial
sequence <220> <223> primer <400> 9 atttgccacc tagccacagc ace 23 <210> 10
<211> 23 <212> DNA <213> artificial sequence <220> <223> primer <400> 10
cgcatttgat cccgtacaac ctg 23 <210> 11 <211> 25 <212> DNA <213> artificial
sequence <220> <223> primer <400> 11 cctgaaccct aaggccaacc gtgaa 25 <210>
12 <211> 25IP060040-SEQUENCE LISTING <212> DNA <213> artificial sequence
<220> <223> primer <400> 12 atacccaaga aggaaggctg gaaaa 25 <210> 13 <211>
18 <212> DNA <213> artificial sequence <220> <223> primer <400> 13
acacgtcccc atctgaag 18 <210> 14 <211> 18 <212> DNA <213> artificial
sequence <220> <223> primer <400> 14 cttccttctt catgccag 18 <210> 15 <211>
20 <212> DNA <213> artificial sequence <220> <223> primer <400> 15
gtcattgaga gcaatgccag 20 <210> 16 <211> 20 <212> DNAIP060040-SEQUENCE
LISTING <213> artificial sequence <220> <223> primer <400> 16 gtgttcctac
ccccaatgtg 20 <210> 17 <211> 22 



<212> DNA <213> artificial sequence <220> <223> primer <400> 17 cagtgacgac
cagagccaga cc 22 <210> 18 <211> 21 <212> DNA <213> artificial sequence
<220> <223> primer <400> 18 ccacgacttg cccagcatct t 21 <210> 19 <211> 21
<212> DNA <213> artificial sequence <220> <223> primer <400> 19 accaaagctc
acgcgtggaa a 21 <210> 20 <211> 22 <212> DNA <213> artificial
sequenceIP060040-SEQUENCE LISTING <220> <223> primer <400> 20 tgatgtgtct
ctcggtcaag tt 22 <210> 21 <211> 25 <212> DNA <213> artificial sequence
<220> <223> primer <400> 21 cctaagatgc ccgacttcaa ctccc 25 <210> 22 <211>
24 <212> DNA <213> artificial sequence <220> <223> primer <400> 22
gcccttctgt ttctccgctt cctg 24 <210> 23 <211> 22 <212> DNA <213> artificial
sequence <220> <223> primer <400> 23 atcagaaggc accaacctca ac 22 <210> 24
<211> 21 <212> DNA <213> artificial sequence <220>IP060040-SEQUENCE LISTING
<223> primer <400> 24 tgtctttgtc caccacgcac t 21 <210> 25 <211> 20 <212>
DNA <213> artificial sequence <220> <223> primer <400> 25 gaggccatca
agcaccatca c 21 <210> 26 <211> 20 <212> DNA <213> artificial sequence <220>
<223> primer <400> 26 ggctgcgtct agttgcagta 20 <210> 27 <211> 20 <212> DNA
<213> artificial sequence <220> <223> primer <400> 27 gctaccgaca gcctattcta
20 <210> 28 



<211> 19 <212> DNA <213> artificial sequence <220> <223> primer <400>
28IP060040-SEQUENCE LISTING caagtccact gacatgaag 19 <210> 29 <211> 19 <212>
DNA <213> artificial sequence <220> <223> primer <400> 29 ctgacaactt
caaagcaaa 19 <210> 30 <211> 22 <212> DNA <213> artificial sequence <220>
<223> primer <400> 30 tacagcatcc acataaatac ga 22 <210> 31 <211> 20 <212>
DNA <213> artificial sequence <220> <223> primer <400> 3 1 gatgctgtcc
tgccgcctcc 20 <210> 32 <211> 18 <212> DNA <213> artificial sequence <220>
<223> primer <400> 32 tgccatagcc gggtttga 18IP060040-SEQUENCE LISTING <210>
33 <211> 20 <212> DNA <213> artificial sequence <220> <223> primer <400> 33
ttgccgaaac cgtagaagga 20 <210> 34 <211> 21 <212> DNA <213> artificial
sequence <220> <223> primer <400> 34 ttggagacca ttagggcgta g 21 <210> 35
<211> 19 <212> DNA <213> artificial sequence <220> <223> primer <400> 35
aggcagaccc actcagtga 19 <210> 36 <211> 20 <212> DNA <213> artificial
sequence <220> <223> primer <400> 36 aacaatggcg acctcttctg 20 <210> 37
<211> 19IP060040-SEQUENCE LISTING <212> DNA <213> artificial sequence <220>
<223> primer <400> 37 agggaatgct tgccgactc - 19 <210> 38 <211> 19 <212> DNA
<213> artificial sequence <220> <223> primer <400> 38 cactggcctc ttcatgggt
19 


