
Methods for the Diagnosis of Colorectal Cancer and
Ovarian Cancer Health States FIELD OF INVENTION [0001]
The present invention relates to the diagnosis, of
colorectal and ovarian cancer (CRC and OC,
respectively). The present invention describes the
relationship between endogenous small molecules and
CRC or OC. Specifically, the present invention relates
to the diagnosis of CRC and OC through the measurement
of vitamin E-related metabolites. The present
invention also relates to diagnostic markers
identified in said method. BACKGROUND OF THE INVENTION
[0002] Colorectal Cancer is the third most common
malignancy in the world, and represents approximately
ten percent of the world's total cancer incidence [I].
Due to the aging world-wide population, CRC represents
a serious public health problem requiring new actions
that will minimize the impact of this disease. The
chance of surviving CRC is closely related to the
stage of the disease at diagnosis (as shown in Table
1; http://www.alternative-cancertreatments.
com/colon-cancer-prognosis.htm ); the earlier the
diagnosis, the greater the likelihood of survival. For
example, there is less than a 5% chance of 5-year
survival when diagnosed late in the disease timeframe
(Dukes' stage D), while there is greater than 90%
chance of 5-year survival when diagnosed early (Dukes'
stage A). Therefore, CRC patients would greatly
benefit from early detection because of the
effectiveness of surgical treatment early on. [0003]
Currently, the risk factors for CRC are not well
understood. In fact, few specific risk factors other
than diet have been established for the disease.
Inflammatory bowel disease and familial adenomatous
polyposis (FAP) increase risk, but still only account
for a very small proportion of overall CRC incidence.
Ethnic and racial differences, as well as migrant
studies, suggests that environmental factors play a
role in disease etiology, as incidence rates among
migrants and their descendants climb rapidly, reaching
those of the host country [2, 3]. Overall, fewer than
15% of CRC cases are familial, suggesting a large
impact of diet, environment, and lifestyle on the
etiology of the disease. [0004] The most common
current screening tests for CRC are: 1) the fecal
occult blood test (FOBT), which is based on the
assumption that cancers will bleed, and can therefore
be detected in the stool using chemical or
immunological assays; and 2) invasive methods that
identify gross abnormalities. The FOBT is the most
widespread test used for CRC, and involves a crude
testfor the peroxidase-like activity of heme in
hemoglobin. However, the sensitivity of the test is
only approximately 50%, with a 20% sensitivity for
adenomas, due to the fact that not all adenomas and
CRCs bleed [2]. [0005] Methods for identifying gross
abnormalities can include flexible sigmoidoscopy and
colonoscopy, as well as double-contrast barium enema
and virtual colonoscopy. Colonoscopy is the next test
for patients with a positive FOBT, and, with an 80%
false positive rate, imposes unnecessary hazards and
risks to a large number of individuals. Colonoscopy is
usually the preferred method for screening average and
increased-risk individuals over the age of 50 who have
a history of CRC or prior adenomatous polyps, or other
predisposing diseases such as inflammatory bowel
disease. There is no evidence that screening using
colonoscopy alone in average-risk populations reduces
incidence or mortality [3], however, sigmoidoscopy and
integrated evaluations comprising combinations of the
above techniques can reduce the expected CRC rates in
higher-risk individuals over a given length of time
[4]. [0006] Although colonoscopy is still the standard
test for the presence or absence of polyps and CRC, it
can miss 15% of lesions > 1 cm in diameter [5].
Complications with colonoscopy can include
perforation, hemorrhage, respiratory depression,
arrhythmias, and infection [6]. Approximately one in
1,000 patients suffer perforations and three in 1,000
experience hemorrhaging. Between one and three deaths
out of 10,000 tests occur as a result of the procedure
[3]. Other disadvantages such as the lack of trained
personnel, patient discomfort, and high cost will
likely prevent the colonoscopy from becoming a routine
CRC screening method for the general population (see
Table 2). Most sporadic CRCs are thought to develop
from benign adenomas, of which only a small number
will ever develop to malignancy. Given that the time
period for malignant development from benign adenoma
is five to ten years, the detection of adenomas across
the general population by colonoscopy/sigmoidoscopy
would require a gross overtreatment of patients, being
both costly and potentially harmful [7]. [0007]
Computerized Tomography Colonography (CTC), or virtual
colonoscopy, is a recent non-invasive technique for
imaging the colon, with reports varying dramatically
on the performance characteristics of the assay
(ranging between 39% and 94% specificity), due 



primarily to technological differences in the patient
preparation and the hardware and software used for the
analysis. Other limitations of CTC include high
false-positive readings, inability todetect flat
adenomas, no capacity to remove polyps, repetitive and
cumulative radiation doses, and cost [6]. [0008] With
advances in our understanding of the molecular
pathology of CRC, several new screening methods based
on DNA analysis from stool samples have emerged. These
are typically PCR-based assays used to identify
mutations known to occur in the adenoma-to-carcinoma
sequence, or in familial CRC. Commonly screened gene
mutations include KRAS, TP53, APC, as well as assays
for microsatellite instability and hypermethylated
DNA. Table 2, reproduced from Davies et al [7],
compares current screening methods for CRC. [0009]
AUof the methods described above are typically only
capable of detecting CRC after the formation of an
adenoma, and are generally not ideally suited for
large-scale population screening. None of the above
tests provide a quantitative assessment of a
CRC-positive or negative promoting environment.
Neither do any of the above tests provide a
quantitative assessment of the effect of CRC on normal
human biochemistry and related health states. Whether
genomics-based tests will result in high diagnostic
accuracy for sporadic CRC remains to be seen. Davies
et al [7] outlined the features of an ideal screening
test for CRC, as follows: 1) inexpensive; 2) simple to
perform; 3) non-invasive; 4) represents the whole
colon; 5) unambiguous interpretation of results (that
is, high sensitivity, specificity, positive predictive
value, and negative predictive value); 6) easy to
teach; and 7) easy to maintain quality control. [0010]
A diagnostic assay based on small molecules or
metabolites in serum fulfills the above criteria, as
development of assays capable of detecting specific
metabolites is relatively simple and cost effective
per assay. The test would be minimally invasive and
would be indicative of disease status regardless of
colonic proximity. Translation of the method into a
clinical assay compatible with current clinical
chemistry laboratory hardware would be commercially
acceptable and effective, and would result in rapid
deployment worldwide. Furthermore, the requirement for
highly trained personnel to perform and interpret the
test would be eliminated. [001 1] CRC-specific
biomarkers in human serum that could provide an
assessment of CRC presence, of a CRC-promoting or
inhibitory environment, of the physiological burden of
CRC, or a combination of these characteristics would
be extremely beneficial in the management of CRC risk,
prevention, and treatment. A test designed to measure
these biomarkers would be widely accepted by the
general population as it would be minimally invasive
and could possiblybe used to monitor an individual's
susceptibility to disease prior to resorting to, or in
combination with, conventional screening methods.
[0012] Ovarian Cancer is the fifth leading cause of
cancer death among women [8]. It has been estimated
that over 22,000 new cases of ovarian cancer will be
diagnosed this year, with 16,210 deaths predicted in
the United States alone [9]. Ovarian cancer is
typically not identified until the patient has reached
stage III or IV and have a poor prognosis (5 year
survival of around 25- 30%) [10]. The current
screening procedures for ovarian cancer involve the
combination of bimanual pelvic examination,
transvaginal ultrasonography and serum CAl 25
measurements [9]. The efficacy of this screening
procedure for ovarian cancer is currently of unknown
benefit, as there is a lack of evidence that the
screen reduces mortality rates, and it is under
scrutiny for the risks associated with false positive
results [8, 11]. According to the American Cancer
Society CAl 25 measurement and transvaginal
ultrasonography are not reliable screening or
diagnostic tests for ovarian cancer, and that the only
current method available to make a definite diagnosis
is surgically (http://www.cancer.org) . [0013] CA125,
cancer antigen-125, is a high molecular weight mucin
that has been found to be elevated in most ovarian
cancer cells as compared to normal cells [9]. A CAl 25
test result that is higher than 30- 35U/ml is
typically accepted as being at an elevated level [9].
There have been difficulties in establishing the
accuracy, sensitivity and specificity of the CAl 25
screen for ovarian cancer due to the different
thresholds to define elevated CA125, varying sizes of
patient groups tested, and broad ranges in the age and
ethnicity of patients [8]. According to the Johns
Hopkins University pathology website the CAl 25 test
only returns a true positive result for ovarian cancer
in roughly 50% of stage I patients and about 80% in
stage II, III and IV (http://pathology2.ihu .edu).
Endometriosis, benign ovarian cysts, pelvic
inflammatory disease and even the first trimester of a
pregnancy have been reported to increase the serum
levels of CA125 [ 1 1]. The National Institute of
Health's website states that CA-125 is not an
effective general screening test for ovarian cancer.
They report that only about 3 out of 100 healthy women
with elevated CAl 25 levels are actually found to have
ovarian cancer, and about 20% of 



ovarian cancer diagnosed patients actually have
elevated CA125 levels
(http://www.nlm.nih.gov/medlineplus/ency/article/0072
17.htm). [0014] The identification of highly specific
and sensitive ovarian cancer biomarkers in human
serum, therefore, would be extremely beneficial, as
the test would be non-invasive and couldpossibly be
used to monitor individual susceptibility to disease
prior to, or in combination with, conventional
methods. A serum test is minimally invasive and would
be accepted across the general population. SUMMARY OF
THE INVENTION [0015] In one embodiment of the present
invention there is provided a method for identifying
metabolite markers for use in diagnosing CRC and OC
comprising the steps of: introducing a sample from a
patient presenting said disease state, said sample
containing a plurality of unidentified metabolites
into a high resolution mass spectrometer, for example,
a Fourier Transform Ion Cyclotron Resonance Mass
Spectrometer (FTMS); obtaining, identifying and
quantifying data for the metabolites; creating a
database of said identifying and quantifying data;
comparing the identifying and quantifying data from
the sample with corresponding data from a control
sample; identifying one or more metabolites that
differ; and selecting the minimal number of metabolite
markers needed for optimal diagnosis. [0016] In a
further embodiment of the present invention there is
provided a process for developing a metabolite
biomarker test to diagnose a health state of an
organism comprising: obtaining biological samples from
organisms from a plurality of health states;
introducing said biological samples into a high
resolution/accurate mass mass spectrometer to obtain
identifying and quantifying data on the metabolites
contained within the biological samples to discover
metabolites that differ in intensity between a
plurality of health states; identifying the minimal
set of biomarkers necessary to differentiate said
health states using multivariate statistics;
confirming these biomarkers using an independent MS
method; and creating a targeted high throughput method
for the measurement of the biomarkers identified and
verified. [0017] In a further embodiment of the
present invention there is provided a method for
identifying colorectal cancer-specific metabolic
markers comprising the steps of: introducing a sample
from a patient diagnosed with colorectal/ovarian
cancer, said sample containing a plurality of
unidentified metabolites into a Fourier Transform Ion
Cyclotron Resonance Mass Spectrometer (FTMS);
obtaining identifying and quantifying data for the
metabolites; creating a database of said identifying
and quantifying data; comparing the identifying and
quantifying data from the sample with corresponding
data from a control sample; identifying one or more
metabolites that differ; wherein the metabolites are
selected from the group consisting ofmetabolites one
or more of the metabolites shown in Table 3, or
fragments or derivatives thereof. [001 8] In a further
embodiment of the present invention there is provided
a method for identifying colorectal cancer-specific
metabolic markers comprising the steps of: introducing
a sample from a patient diagnosed with
colorectal/ovarian cancer, said sample containing a
plurality of unidentified metabolites into a Fourier
Transform Ion Cyclotron Resonance Mass Spectrometer
(FTMS); obtaining identifying and quantifying data for
the metabolites; creating a database of said
identifying and quantifying data; comparing the
identifying and quantifying data from the sample with
corresponding data from a control sample; identifying
one or more metabolites that differ; wherein the
metabolites are selected from the group consisting of
metabolites with neutral accurate masses measured in
Daltons of, or substantially equivalent to, 446.3406,
448.3563, 450.3726, 464.3522, 466.3661, 468.3840,
538.4259, 592.471 1, and 594.4851 and the LC-MS/MS
fragment patterns shown in any one of Figures 13 to 2
1 or fragments or derivative thereof; and selecting
the minimal number of metabolite markers needed for
optimal diagnosis. [0019] In a further embodiment of
the present invention there is provided a method for
identifying ovarian cancer-specific metabolic markers
comprising the steps of: introducing a sample from a
patient diagnosed for colorectal/ovarian cancer, said
sample containing a plurality of unidentified
metabolites into a Fourier Transform Ion Cyclotron
Resonance Mass Spectrometer (FTMS); obtaining
identifying and quantifying data for the metabolites;
creating a database of said identifying and
quantifying data; comparing the identifying and
quantifying data from the sample with corresponding
data from a control sample; identifying one or more
metabolites that differ; wherein the metabolites are
selected from the group consisting of metabolites with
accurate neutral masses measured in Daltons of, or
substantially equivalent to, 446.3406, 448.3563,
450.3726, 464.3522, 466.3661, 468.3840, 538.4259,
592.471 1, and 



594.4851 and the LC-MS/MS fragment patterns shown in
any one of Figures 13 to 2 1 or fragments or
derivative thereof; and selecting the minimal number
of metabolite markers needed for optimal diagnosis.
[0020] In one embodiment of the present invention
there is provided a CRC/OC cancer-specific metabolic
marker selected from the metabolites listed in Table 3
or fragments or derivatives thereof.[0021] In one
embodiment of the present invention there is provided
a CRC/OC cancer-specific metabolic marker selected
from the group consisting of metabolites with an
accurate neutral mass (measured in Daltons) of, or
substantially equivalent to, 446.3406, 448.3563,
450.3726, 464.3522, 466.3661, 468.3840, 538.4259,
592.471 1, and 594.4851 or fragments or derivative
thereof where a +/- 5 ppm difference would indicate
the same metabolite. [0022] In yet a further
embodiment of the present invention there is provided
a colorectal/ovarian cancer-specific metabolic marker
selected from the group consisting of metabolites with
an accurate neutral mass measured in Daltons of, or
substantially equivalent to, 446.3406, 448.3563,
450.3726, 464.3522, 466.3661, 468.3840, 538.4259,
592.471 1, and 594.4851 and the LC-MS/MS fragment
patterns shown in any one of Figures 13 to 2 1 or
fragments or derivatives thereof. [0023] In yet a
further embodiment of the present invention there is
provided a colorectal/ovarian cancer-specific
metabolic marker selected from the group consisting of
metabolites with a molecular formula selected from the
group consisting of: C28H46O4, C28H48O4, C28H50O4,
C28H48O5, C28H50O5, C28H52O5, C32H58O6, C36H64O6 and
C36H66O6. [0024] In a further aspect of the invention
there is provided a method for diagnosing a patient
for the presence of a colorectal or ovarian cancer or
at risk of developing CRC or OC comprising the steps
of: screening a sample from said patient for the
presence or absence of one or more metabolic markers
selected from the group consisting of metabolites
listed in Table 3, or fragments or derivates thereof
,wherein a difference in intensity of one or more of
said metabolic markers indicates the presence of CRC
or OC [0025] In a further embodiment of this aspect of
the invention there is provided a method for
diagnosing a patient for the presence of a colorectal
or ovarian cancer comprising the steps of: screening a
sample from said patient for the presence or absence
of one or more metabolic markers selected from the
group consisting of metabolites with an accurate
neutral mass of, or substantially equivalent to,
446.3406, 448.3563, 450.3726, 464.3522, 466.3661,
468.3840, 538.4259, 592.471 1, and 594.4851; wherein
the absence of one or more of said metabolic markers
indicates the presence of CRC or OC.[0026] In a
further embodiment of the present invention there is
provided a method for diagnosing the presence or
absence of CRC or OC in a test subject of unknown
disease status, comprising: obtaining a blood sample
from said test subject; analyzing said blood sample to
obtain quantifying data on molecules selected from the
group comprised of molecules identified by the neutral
accurate masses 446.3406, 448.3563, 450.3726,
464.3522, 466.3661, 468.3840, 538.4259, 592.4711, and
594.4851 or molecules having masses substantially
equal to these molecules or fragments of derivatives
thereof; comparing the quantifying data obtained on
said molecules in said test subject with quantifying
data obtained from said molecules from a plurality of
CRC or OC-positive humans or quantifying data obtained
from a plurality of CRC or OC-negative humans; and
using said comparison to determine the probability
that the test subject is CRC/OC positive or negative.
[0027] The present invention also discloses the
identification of vitamin E-like metabolites that are
differentially expressed in the serum of CRC- and
OC-positive patients versus healthy controls. The
differential expressions disclosed are specific to CRC
and OC. [0028] In one embodiment of the present
invention, a serum test, developed using an optimal
subset of metabolites selected from the group
consisting of vitamin E-like metabolites, can be used
to diagnose CRC/OC presence, or the presence of a CRC
or OC-promoting or inhibiting environment. [0029] In
another embodiment of the present invention, a serum
test, developed using an optimal subset of metabolites
selected from the group consisting of vitamin E-like
metabolites, can be used to diagnose the CRC
health-state resulting from the effect of treatment of
a patient diagnosed with CRC. Treatment may include
chemotherapy, surgery, radiation therapy, biological
therapy, or other. [0030] In another embodiment of the
present invention, a serum test, developed using an
optimal 



subset of metabolites selected from the group
consisting of vitamin E-like metabolites, can be used
to longitudinally monitor the CRC status of a patient
on a CRC therapy to determine the appropriate dose or
a specific therapy for the patient. [0031] The present
invention also discloses the identification of
gamma-tocopherol/tocotrienol metabolites in which the
aromatic ring structure has been reduced that are
differentiallyexpressed in the serum of CRC- and
OC-positive patients versus healthy controls. The
differential expressions disclosed are specific to CRC
and OC. [0032] The present invention discloses the
presence of gamma-tocopherol/tocotrienol metabolites
in which there exists -OC2H5, -OC4H9, or -OC8H17
moieties attached to the hydroxychroman-containing
structure in human serum. [0033] The present invention
also discloses the identification of alpha-tocopherol
metabolites that are differentially expressed in the
serum of CRC- positive patients versus healthy
controls. The differential expressions disclosed are
specific to CRC. [0034] In a further embodiment of the
present invention there is provided a method for
identifying and diagnosing individuals who would
benefit from anti-oxidant therapy comprising:
obtaining a blood sample from said test subject;
analyzing said blood sample to obtain quantifying data
on all, or a subset of, tocopherols, tocotrienols,
vitamin E-related metabolites or metabolic derivatives
of said metabolite classes; comparing the quantifying
data obtained on said molecules in said test subject
with reference data obtained from the analysis of a
plurality of CRC- or OC-negative humans; and using
said comparison to determine the probability that the
test subject would benefit from such therapy. [0035]
In a further embodiment of the present invention there
is provided a method for determining the probability
that a subject is at risk of developing OC or CRC
comprising: obtaining a blood sample from a CRC or OC
asymptomatic subject; analyzing said blood sample to
obtain quantifying data on all, or a subset of,
tocopherols, tocotrienols, or metabolic derivatives of
said metabolite classes; comparing the quantifying
data obtained on said molecules in said test subject
with reference data obtained from the analysis of a
plurality of CRC- or OC-negative humans; using said
comparison to determine the probability that the test
subject is at risk of developing OC or CRC. [0036] In
a further embodiment of the present invention there is
provided a method for diagnosing individuals who
respond to a dietary, chemical, or biological
therapeutic strategy designed to prevent, cure, or
stabilize CRC or OC or improve symptoms associated
with CRC or OC comprising: obtaining one or more blood
samples from said test subject either from a single
collection or from multiple collections over time;
analyzing said blood samples to obtain quantifying
data on all, or a subset of, tocopherols,
tocotrienols, vitamin E-like molecules, ormetabolic
derivatives of said metabolite classes; comparing the
quantifying data obtained on said molecules in said
test subject's samples with reference data obtained
from said molecules from a plurality of CRC- or
OC-negative humans; and using said comparison to
determine whether the metabolic state of said test
subject has improved during said therapeutic strategy.
[0037] In a further embodiment of the present
invention, there is provided a method for identifying
individuals who are deficient in the cellular uptake
or transport of vitamin E and related metabolites by
the analysis of serum or tissue using various
strategies, including, but not limited to:
radiolabeled tracer studies, gene expression or
protein expression analysis of vitamin E transport
proteins, analysis of genomic aberrations or mutations
in vitamin E transport proteins, in vivo or ex vivo
imaging of vitamin E transport protein levels,
antibody-based detection (enzyme-linked immunosorbant
assay, ELISA) of vitamin E transport proteins. [0038]
This summary of the invention does not necessarily
describe all features of the invention. BRIEF
DESCRIPTION OF THE DRAWINGS [0039] These and other
features of the invention will become more apparent
from the following description in which reference is
made to the appended drawings wherein: [0040] FIGURE 1
shows a summary of the steps involved in the
identification of the CRC/OC diagnostic biomarker
panel in accordance with an embodiment of the present
invention [0041] FIGURE 2 shows the prediction of
microarray analysis (PAM) training error (Figure 2A)
and cross validation misclassification error (Figure
2B) plots. [0042] FIGURE 3 shows the PAM output
cross-validated diagnostic probabilities for all
samples based on the classifier created in Figure 2.
[0043] FIGURE 4 shows the receiver-operator
characteristic curve based on cross-validated
probabilities. [0044] FIGURE 5 shows the diagnostic
predictions for blinded test samples when half the 



samples are used for training and the other half are
used as a blinded test set. [0045] FIGURE 6 shows the
prediction results (Figure 6A) and receiver-operator
characteristic curve (Figure 6B) based on blinded test
set diagnosis.[0046] FIGURE 7 shows the raw FTMS
spectra for six of the selected biomarkers (FTMS
neutral mass shown; Figures 7A to 7F). Top panel, 5
normal samples; bottom panel. 5 CRCpositive samples.
[0047] FIGURE 8 shows the QSTAR extracted ion
chromatograms for six of the biomarkers (nominal
detected mass indicated; Figures 8A to 8F). Top panel,
5 normal samples; bottom panel 5 CRC-positive samples.
[0048] FIGURE 9 shows the average extracted mass
spectra for retention time window; 16-17 minutes for 5
normal (Figure 9A) and 5 CRC (Figure 9B) serum samples
as detected on the QSTAR and the net difference
(Figure 9C). [0049] FIGURE 10 shows the averaged CRC
biomarker intensities of five CRC and five normal
samples from FTMS (Figure 10A) and Q-star (Figure 10B)
analysis. CRC-positive in the first column for each
biomarker; normals shown in the second column for each
biomarker. [0050] FIGURE 11 shows a graph of 30
metabolites that are part of the vitamin E-like family
as detected in the FTMS dataset. These can be broken
into groups depending on the numbers of carbons they
contain. The intensities of gamma (GT) and alpha
tocopherol (AT) are also shown. [0051] FIGURE 12 shows
the structures of gamma tocopherol and tocotrienol
(Figures 12A and 12B) and six of the C28-containing
vitamin-E-like molecules (Figures 12C to 12H) as
determined by MSMS and NMR. [0052] FIGURE 13 shows the
putative structures of key MS/MS fragments for neutral
mass biomarker 448.3726 (C28H48O4) . [0053] FIGURE 14
shows the putative structures of key MS/MS fragments
for neutral mass biomarker 464.3522 (C28H4 O5). [0054]
FIGURE 15 shows the putative structures of key MS/MS
fragments for neutral mass biomarker 446.3522
(C28H46O4). [0055] FIGURE 16 shows the putative
structures of key MS/MS fragments for neutral mass
biomarker 466.3661 (C28H50O5) . - i i -[0056] FIGURE
17 shows putative structures of key MS/MS fragments
for neutral mass biomarker 450.3726 (C28H50O4). [0057]
FIGURE 18 shows putative structures of key MS/MS
fragments for neutral mass biomarker 468.3840
(C28H52O5) . [0058] FIGURE 19 shows putative
structures of key MS/MS fragments for neutral mass
biomarker 538.4259 (C32H58O6) . [0059] FIGURE 20 shows
putative structures of key MS/MS fragments for neutral
mass biomarker 592.471 1 (C36H64O6) [0060] FIGURE 2 1
shows putative structures of key MS/MS fragments for
neutral mass biomarker 594.485 1 (C36H66O6) . [0061]
FIGURE 22 shows 1H-NMR spectra of 448.3406 (C28H48O4)
[0062] FIGURE 23 shows 1H-NMR analysis of 464.3522
(C28H48O5) [0063] FIGURE 24 shows 1H-NMR analysis of
446.3406 (C28H46O4) [0064] FIGURE 25 shows 1H-NMR
analysis of 466.3661 (C28H50O5) [0065] FIGURE 26 shows
a summary of the MS/MS high throughput screening
method. [0066] FIGURE 27 shows Analyst screenshots of
the 6 CRC biomarker transitions and internal standard
transitions (Figure 27A to 27F), and housekeeping
transitions (Figure 27G). Each page shows the peak
areas for the transitions of two biomarkers in a
typical "normal" and typical "CRC positive"
individual. The top four plots are from the normal,
the bottom four are from the CRC positive. BM:
biomarker, IS: internal standard. [0067] Figure 28
shows the normal population distribution based on the
final HTS output of 288 disease-free individuals. The
-1.3 indicates the cutoff value selected as the point
below which a person would be considered high risk for
CRC (see Figure 29). [0068] Figure 29 shows the HTS
diagnostic output. Cutoff ratios based on the
distribution of normal subjects, as shown in Figure
28, were selected as to achieve a specificity of
90.5%. This means that patient scores between -4 and -
1.3 are high risk for CRC, scores between - 1.3 and
-0.8 are medium risk, and scores greater than -0.8 are
low risk. The recommended courses of actions are
shown. [0069] FIGURE 30 shows the
Gamma-tocopherol/tocotrienol neutralization of lipid
peroxidation. The Figure shows the auto-oxidation of
an unsaturated fatty acid (Figure 30A), the 



stabilization of peroxyl radical by gamma-tocopherol
(Figure 30B), the reaction with a peroxly radical by
gamma-tocopherol radical (Figure 30C) and the two
semi-stable peroxides fromed by gamma-tocopherol
(Figure 30D). [0070] FIGURE 3 1 shows the internal
degradation of gamma-tocopherol peroxide in the
presence of iron. Figure 3 1A shows the C30 series of
tocopherol metabolites that arise from linolenic acid.
Figure 31B shows the C32 series of tocopherol
metabolites that arise from linoleic acid. Figure 31C
shows the C36 series of tocopherol metabolites that
arise from oleic acid. [0071] FIGURE 32 shows the
hydroperoxide degradation in the presence of iron.
[0072] FIGURE 33 shows the spontaneous break down of
free radicals. Figure 33 A shows the short-chain
alkane radical and long-chain aldehyde which results
from breakdown at the bond indicated by the dotted
line "A", and Figure 33B shows the short-chain
aldehyde and long-chain alkane radical that would
result from spontaneous breakdown at bond "B" (dotted
line B). [0073] FIGURE 34 shows that gamma-tocopherol
can neutralize the free alkane radical. The unhindered
aromatic ring structure of
gamma-tocopherol/tocotrienol can accept a hydrogen
radical from the radical alkane, resulting in a
ring-stabilized tocopherol/tocotrienol radical and a
stable alkene (Figure 34A). This hydrogen radical
acceptance reaction can occur four times, reducing the
ring structure to a single double bond (Figure 34B).
[0074] FIGURE 35 shows the omega carboxylation
resulting from liver P450 metabolism. [0075] FIGURE 36
shows a hypothesis for the role of vitamin E and
related metabolites in a normal state (Figure 36A) and
in CRC and OC (Figure 36B). DETAILED DESCRIPTION OF
THE INVENTION [0076] The present invention relates to
the diagnosis of colorectal and ovarian cancers (CRC
and OC, respectively). The present invention describes
the relationship between endogenous smallmolecules and
CRC or OC. Specifically, the present invention relates
to the diagnosis of CRC and OC through the measurement
of vitamin E isoforms and related metabolites. More
specifically, the present invention relates to the
relationship between vitamin E-related metabolites in
human serum and the implications thereof in CRC and
OC. [0077] The present invention discloses for the
first time clear and unambiguous biochemical changes
specifically associated with CRC. These findings also
imply that the measurement of these biomarkers may
provide a universal means of measuring the
effectiveness of CRC therapies. This would
dramatically decrease the cost of performing clinical
trials as a simple biochemical test can be used to
assess the viability of new therapeutics. Furthermore,
one would not have to wait until the tumor progresses
or until the patient dies to determine whether the
therapy provided any benefit. The use of such a test
would enable researchers to determine in months,
rather than years, the effectiveness of dose,
formulation, and chemical structure modifications of
CRC therapies. [0078] The present invention relates to
a method of diagnosing CRC or OC by measuring the
levels of specific small molecules present in human
serum and comparing them to "normal" reference levels.
In one embodiment of the present application there is
described a novel method for the early detection and
diagnosis of CRC or OC and the monitoring the effects
of treatment on CRC and OC. [0079] The preferred
method involves the use of a high-throughput screening
(HTS) assay developed from a subset of metabolites
selected from Table 3 for the diagnosis of one or more
diseases or particular health-states. The utility of
the claimed method is demonstrated and validated
through the development of a HTS assay capable of
diagnosing a CRC-positive healthstate. [0080] The
impact of such an assay on CRC and OC would be
tremendous, as literally everyone could be screened
longitudinally throughout their lifetime to assess
risk and detect these diseases early. Given that the
performance characteristics of the test are
representative for the general CRC population, this
test alone may be superior to any other currently
available CRC screening method, as it may have the
potential to detect disease progression prior to that
detectable by conventional methods. The early
detection of disease is critical to positive treatment
outcome.[0081] In order to determine whether there are
biochemical markers of a given health-state in a
particular population, a group of patients
representative of the health state (i.e. a particular
disease) and a group of "normal" counterparts are
required. Biological samples taken from the patients
in a particular health-state category can then be
compared to the same samples taken from the normal
population to identify differences between the two
groups, by extracting the samples and analyzing using
various analytical platforms including, but not
limited to, Fourier transform ion cyclotron resonance
mass spectrometry (FTMS) and liquid chromatography
mass 



spectrometry (LC-MS). The biological samples could
originate from anywhere within the body, including,
but not limited to, blood (serum/plasma),
cerebrospinal fluid (CSF), urine, stool, breath,
saliva, or biopsy of any solid tissue including tumor,
adjacent normal, smooth and skeletal muscle, adipose
tissue, liver, skin, hair, kidney, pancreas, lung,
colon, stomach, or other. [0082] For the invention of
the CRC diagnostic assay described, serum samples were
obtained from representative populations of healthy
CRC- and OC-negative individuals, and of
professionally diagnosed CRC-positive patients.
Throughout this application, the term "serum" will be
used, but it will be obvious to those skilled in the
art that plasma, whole blood, or a subfraction of
whole blood may be used in the method. [0083] When a
blood sample is drawn from a patient there are several
ways in which the sample can be processed. The range
of processing can be as little as none (i.e. frozen
whole blood) or as complex as the isolation of a
particular cell type. The most common and routine
procedures involve the preparation of either serum or
plasma from whole blood. All blood sample processing
methods, including spotting of blood samples onto
solid-phase supports, such as filter paper or other
immobile materials, are also contemplated by the
invention. [0084] The processed blood sample described
above is then further processed to make it compatible
with the analytical analysis technique to be employed
in the detection and measurement of the biochemicals
contained within the processed blood sample (in our
case, a serum sample). The types of processing can
range from as little as no further processing to as
complex as differential extraction and chemical
derivatization. Extraction methods include, but are
not limited to, sonication, soxhlet extraction,
microwave assisted extraction (MAE), supercritical
fluid extraction (SFE), accelerated solvent extraction
(ASE), pressurized liquid extraction (PLE),
pressurized hot water extraction (PHWE), and/or
surfactant-assisted extraction in common solvents such
as methanol, ethanol, mixtures of alcohols and water,
or organicsolvents such as ethyl acetate or hexane.
The preferred method of extracting metabolites for
FTMS non-targeted analysis is to perform a
liquid/liquid extraction whereby non-polar metabolites
dissolve in an organic solvent and polar metabolites
dissolve in an aqueous solvent. In one embodiment of
the present invention, the metabolites contained
within the serum samples were separated into polar and
non-polar extracts by sonication and vigorous mixing
(vortex mixing). [0085] Extracts of biological samples
are amenable to analysis on essentially any mass
spectrometry platform, either by direct injection or
following chromatographic separation. Typical mass
spectrometers are comprised of a source, which ionizes
molecules within the sample, and a detector for
detecting the ionized particles. Examples of common
sources include electron impact, electrospray
ionization (ESI), atmospheric pressure chemical
ionization (APCI), matrix assisted laser desorption
ionization (MALDI), surface enhanced laser desorption
ionization (SELDI), and derivations thereof. Common
ion detectors can include quadrupolebased systems,
time-of-flight (TOF), magnetic sector, ion cyclotron,
and derivations thereof. [0086] In accordance with the
present invention the small molecules are identified
by a method known as non-targeted analysis.
Non-targeted analysis involves the measurement of as
many molecules in a sample as possible, without any
prior knowledge or selection of the components prior
to the analysis (see WO 01/57518, published August 9,
2001). Therefore, the potential for non-targeted
analysis to discover novel metabolite biomarkers is
high versus targeted methods, which detect a
predefined list of molecules. The present invention
uses a non-targeted method to identify metabolite
components that differ between CRC-positive and
healthy individuals, followed by the development of a
high-throughput targeted assay for a subset of the
metabolites identified from the non-targeted analysis.
However, it would be obvious to anyone skilled in the
art that other metabolite profiling strategies could
potentially be used to discover some or all of the
differentially regulated metabolites disclosed in this
application and that the metabolites described herein,
however discovered or measured, represent unique
chemical entities that are independent of the
analytical technology that may be used to detect and
measure them. [0087] According to this analysis many
hundreds of small molecules, metabolites, or
metabolite fragments can be identified that have
differential abundances between CRC-positive serum and
normal serum. The present invention discloses 480
metabolite masses, as listed in Table 3, which were
found to have statistically significant differential
abundances between CRC-positiveserum and normal serum.
All of these features, which differ statistically
between the two populations have potential diagnostic
utility. However, the incorporation of 480 signals
into a commercially diagnostic assay is impractical,
so well known methods of selecting an optimum
diagnostic set of markers or metabolites was
conducted. 



[0088] From the methods described in this patent, a
panel of nine metabolites was chosen as optimal for
discriminating CRCs form normals. In the present
invention colorectal cancerspecific metabolic markers
selected from the group consisting of metabolites with
an accurate neutral mass (measured in Daltons) of, or
substantially equivalent to, 446.3406, 448.3563,
450.3726, 464.3522, 466.3661, 468.3840, 538.4259,
592.471 1, and 594.4851 where a +/- 5 ppm difference
would indicate the same metabolite, were identified.
These markers can thus be used in a diagnostic test to
screen patients for the presence of CRC. [0089] Of the
nine metabolites described above, six were selected
further for implementation into a high-throughput
screening (HTS) assay. The HTS assay is based upon
conventional triple-quadrupole mass spectrometry
technology (See Figure 26 for summary). The HTS assay
works by directly injecting a serum extract into the
triple-quad mass spectrometer, which then individually
isolates each of the six parent molecules by
single-ion monitoring (SIM). This is followed by the
fragmentation of each molecule using an inert gas
(called a collision gas, collectively referred to
collision-induced dissociation or CID). The intensity
of a specific fragment from each parent biomarker is
then measured and recorded, through a process called
multiple-reaction monitoring (MRM). In addition, an
internal standard molecule is also added to each
sample and subject to fragmentation as well. This
internal standard fragment should have the same
intensity in each sample if the method and
instrumentation is operating correctly. When all six
biomarker fragment intensities, as well as the
internal standard fragment intensities are collected,
a ratio of the biomarker to IS fragment intensities
are calculated, and the ratios logtransformed. The
lowest value of the six for each patient sample is
then compared to a previously determined distribution
of disease-positive and controls, to determine the
relative likelihood that the person is positive or
negative for the disease. [0090] There are multiple
types of cost-effective assay platform options
currently available depending on the molecules being
detected. These can include colorimetric chemical
assays (UV, or other wavelength), antibody-based
enzyme-linked immunosorbant assays (ELISAs),
chip-based and polymerase-chain reaction for nucleic
acid detection assays, bead-based nucleicacid
detection methods, dipstick chemical assays, image
analysis such as MRI, petscan, CT scan, and various
mass spectrometry-based systems. [0091] According to
this aspect of the invention, there is provided the
development of a commercial method for screening
patients for CRC using the MS/MS fragmentation
patterns identified in the previous section. There are
numerous options for the deployment of the assay
world-wide. The two most obvious are: 1, the
development of MS/MS methods compatible with current
laboratory instrumentation and triple-quadrupole mass
spectrometers which are readily in place in many labs
around the world, and/or 2, the establishment of a
testing facility where samples could be shipped and
analyzed at one location, and the results sent back to
the patient or patient's physician. [0092] The
structural elucidation of the selected metabolites was
determined following a series of physical and chemical
property investigations. For example the principal
characteristics that are normally used for this
identification are accurate mass and molecular formula
determination, polarity, acid/base properties, NMR
spectra, and MS/MS or MSn spectra. With the
elucidation of the identity of the metabolites of the
present invention it is possible to identify the
metabolic pathway or pathways involved in the
progression of the disease. [0093] The molecular
formulas of the nine preferred diagnostic markers
(446.3406, 448.3563, 450.3726, 464.3522, 466.3661,
468.3840, 538.4259, 592.471 1, and 594.4851), were
determined to be C28H46O4, C28H48O4, C28H50O4,
C28H48O5, C28H50O5, C28H52O5, C32H58O6, C36H64O6,
C36H66O6 based on their accurate neutral mass,
polarity, and ionization characteristics. These
metabolites have been determined, according to the
present invention to consist of a semi-saturated
chroman ring and phytyl side chain and therefore
consistent with a vitamin E-related structure. [0094]
A significant amount of research has been performed on
the effects of vitamin E in vitro and on animals
models of CRC whereas very little research has been
done regarding vitamin E and OC. As early as 1980,
Cook and McNamara [12] showed a protective effect of
vitamin E on chemically induced colon cancer in mice.
However, human studies have failed to provide any
compelling evidence that vitamin E plays a significant
role in any of the prevention, cause, treatment, or
supportive treatment of CRC. Coulter et al showed that
out of 38 studies there wasno significant effect of
alpha-tocopherol treatment for any individual cancer,
and that a pooled relative risk alone was 0.91 (95%
CI: 0.74m 1.12)[13]. [0095] The term "vitamin E"
collectively refers to eight naturally occurring
isoforms, four 



tocopherols (alpha, beta, gamma, and delta) and four
tocotrienols (alpha, beta, gamma, and delta). The
predominant form found in western diets is
gamma-tocopherol whereas the predominant form found in
human serum/plasma is alpha-tocopherol. Tocotrienols
are also present in the diet, but are more
concentrated in cereal grains and certain vegetable
oils such as palm and rice bran oil. Interestingly, it
is suggested that tocotrienols may be more potent than
tocopherols in preventing cardiovascular disease and
cancer [14]. This may be attributable to the increased
distribution of tocotrienols within lipid membranes, a
greater ability to interact with radicals, and the
ability to be quickly recycled more quickly than
tocopherol counterparts [15]. It has been demonstrated
that in rat liver microsomes, the efficacy of
alpha-tocotrienol to protect against iron-mediated
lipid peroxidation was 40 times higher that that of
alpha-tocopherol [15]. However, measurements in human
plasma indicate that trienols are either not detected
or present only in minute concentrations [16], due
possibly to the higher lipophilicity resulting in
preferential bilary excretion [17]. [0096] A
considerable amount of research related to the
discrepancy between the distribution of alpha and
gamma tocopherol has been performed on these isoforms.
It has been known and reported as early as 1974 that
gamma- and alpha- tocopherol have similar intestinal
absorption but significantly different plasma
concentrations [18]. In the Bieri and Evarts study
[18], rats were depleted of vitamin E for 10 days and
then fed a diet containing an alpha:gamma ratio of 0.5
for 14 days. At day 14, the plasma alpha:gamma ratio
was observed to be 5.5! The authors attributed this to
a significantly higher turnover of gamma-tocopherol,
however, the cause of this increased turnover was
unknown. Plasma concentrations of the tocopherols are
believed to be tightly regulated by the hepatic
tocopherol binding protein. This protein has been
shown to preferentially bind to alpha-tocopherol [19].
Large increases in alpha-tocopherol consumption result
in only small increases in plasma concentrations [20].
Similar observations hold true for tocotrienols, where
high dose supplementation has been shown to result in
maximal plasma concentrations of approximately only 1
to 3 micromolar [21]. More recently, Birringer et al
[17] showed that although upwards of 50% of ingested
gamma-tocopherol is metabolized by human hepatoma
HepG2 cells by omega-oxidation to various alcohols and
carboxylic acids, less than 3% of alpha-tocopherol is
metabolized by this pathway. This system appears to be
responsiblefor the increased turnover of
gamma-tocopherol. In this paper, they showed that the
creation of the omega COOH from gamma-tocopherol
occured at a rate of >50X than the creation of the
analogous omega COOH from alpha-tocopherol. Birringer
also showed that the trienols are metabolized via a
similar, but more complex omega carboxylation pathway
requiring auxiliary enzymes [17]. [0097] It is likely
that the existence of these two structurally selective
processes has biological significance. Birringer et al
[17] propose that the purpose of the
gamma-tocopherol-specific P450 omega hydroxylase is
the preferential elimination of
gamma-tocopherol/trienol as 2,7,8-
trimethyl-2-(beta-carboxy-3'-carboxyethyl)-6-hydroxych
roman (gamma-CEHC). We argue, however, that if the
biological purpose is simply to eliminate
gamma-tocopherol/trienol, it would be far simpler and
more energy efficient via selective hydroxylation and
glucuronidation. The net biological effect of these
two processes, which has not been commented on in the
vitamin E literature, is that the two primary dietary
vitamin E isoforms (alpha and gamma), upon entering
the liver during first-pass metabolism, are shunted
into two separate metabolic systems. System 1 quickly
moves the most biologically active antioxidant isoform
(alpha-tocopherol) into the blood stream to supply the
tissues of the body with adequate levels of this
essential vitamin. System 2 quickly converts
gamma-tocopherol into the omega COOH. In the present
invention it is disclosed that significant
concentrations of six isoforms of
gamma-tocopherol/tocotrienol omega COOH are present in
normal human serum at all times. We were able to
estimate that the concentration of each of these
molecules in human serum is in the low micromolar
range by measuring cholic acid, an organically soluble
carboxylic acid-containing internal standard used in
the triple-quadrupole method. This is within the
previously reported plasma concentration range of 0.5
to 2 micromolar for g-tocopherol (approximately 20
times lower than that of alphatocopherol) [22] The
cumulative total, therefore, of all six novel
g-tocopheric acids in serum is not trivial, and likely
exceeds that of g-tocopherol itself. None of the other
shorter chain length gamma-tocopherol/trienol
metabolites described by Birringer et al [17] were
detected in the serum. Also, the alpha and gamma
tocotrienols were also not detected in the serum of
patients used in the studies reported in this work,
suggesting that the primary purpose of the
gammatocopherol/ trineol-specific P450 omega
hydroxylase is the formation of the omega COOH and 



not gamma-CEHC. Not to be bound by the correctness of
the theory, it is therefore suggested that the various
gamma-tocopherol/tocotrienol omega COOH metabolites
disclosed in thepresent application are novel
bioactive agents and that they perform specific and
necessary biological functions for the maintenance of
normal health and for the prevention of disease.
[0098] Of relevance is also the fact that it has been
shown that mammals are able to convert trienols to
tocopherols in vivo [23, 24]. Since two of the novel
six vitamin E-like metabolites contain a saturated
phytyl side chain, and are therefore tocopherol-like,
and the other four harbor a semi-saturated phytyl side
chain, suggesting a tocotrienol origin. Since mammals
cannot introduce the double-bonds, therefore, it is
possible that all six molecules originate from a
tocotrienol-like precursor. [0099] Just as trienols
have been reported to have biological activities
separate from the tocopherols [25], gamma-tocopherol
has been reported to have biological functions
separate and distinct from alpha-tocopherol. For
example, key differences between alpha tocopherol and
alpha tocotrienol include the ability of alpha
tocotrienol to specifically prevent neurodegeneration
by regulating specific mediators of cell death [26],
the ability of trienols to lower cholesterol [27], the
ability to reduce oxidative protein damage and extend
life span of C.elegans [28], and the ability to
suppress the growth of breast cancer cells [29, 30].
Key differences between the gamma and alpha forms of
tocopherol include the ability of gamma to decrease
proinflammatory eicosanoids in inflammation damage in
rats [31] and inhibition of cyclooxygenase (COX-2)
activity [32]. In Jiang et al [32] it was reported
that it took 8-24 hours for gamma-tocopherol to be
effective and that arachadonic acid competitively
inhibits the suppression activity of gamma-tocopherol.
It is hypothesized that the omega COOH metabolites of
gamma-tocopherol may be the primary bioactive species
responsible for its anti-inflammation activity. The
conversion of arachadonic acid into eicosanoids is a
critical step in inflammation. It is more conceivable
that omega COOH forms of gamma-tocopherol, due to
their structural similarities to arachadonic acid, are
more potent competitive inhibitors of this formation
than native gamma-tocopherol. [00100] In one aspect of
this invention there is provided novel
gammatocopherol/ tocotrienol metabolites in human
serum. These gamma-tocopherol/trienol metabolites have
had the aromatic ring structure reduced. In this
aspect of the invention, the
gamma-tocopherol/tocotrienol metabolites comprise
-OC2H5, -OC4H9, or -OC8H17 moieties attached to the
hydroxychroman structure in human serum.[00 101] Not
to be bound to any particular theory, the present
invention discloses a hypothesis as to how
gamma-tocopherol/tocotrienol can react with alkane
radicals to create a stable alkene and a stabilized
gamma-tocopherol/tocotrienol radical. It is suggested
that, through this mechanism, one molecule of
gamma-tocopherol/tocotrienol can neutralize up to six
alkane radicals. The present invention further
suggests how a gamma-tocopherol/tocotrienol radical
can react with a lipid peroxide and subsequently
neutralize the lipid peroxide into a stable
gammatocopherol/ tocotrienol alkyl ether and a stable
lipid aldehyde. It is also suggested that the presence
of iron may catalyze this reaction. [00 102] The
uptake and concentration of gamma-tocopherol is
dramatically different in colon epithelial cells
relative to plasma. Tran and Chan [33] showed that
gamma-tocopherol is preferentially taken up by human
endothelial cells versus alpha-tocopherol, and Nair et
al [34] showed that the in vivo concentration of
gamma-tocopherol in human colon epithelial cells is 2-
fold higher than alpha-tocopherol. Therefore, tissues
that are primarily fed by the blood supply are
preferentially enriched with alpha-tocopherol [18]
whereas colon epithelial cells, which absorb
tocopherols directly from the large intestine have
concentrations representative of the dietary ratio of
these isoforms [34]. [00 103] The present application
discloses that alpha-tocopherol/tocotrienol
concentrations are significantly decreased in the
serum of CRC patients versus controls but not in OC,
prostate, renal cell, breast, or lung cancers. It is
further disclosed that gamma-tocopherol and
gammatocopherol/ tocotrienol-related metabolite
intensities are significantly decreased in the serum
of CRC and OC patients versus controls but not in
prostate, renal cell, breast, or lung cancers. [00104]
Not wishing to be bound by any particular theory, in
the present invention it is hypothesized that the
novel metabolites disclosed herein are indicators of
vitamin E activity and that the decrease of such
metabolites is indicative of one of the following
situations: L A hyper-oxidative or metabolic state
that is consuming vitamin E and related metabolites at
a rate in excess of that being supplied by the diet;
2. A dietary deficiency or impaired absorption of
vitamin E and related metabolites; 



3. A dietary deficiency or impaired
absorption/epithelial transport of vitamin Erelated
metabolites[00 105] Specifically relating to the
association of serum vitamin E concentrations and CRC,
there have been no reports of significantly reduced
vitamin E levels in CRC patients relative to controls.
The most recent and robust study is that of Ingles et
al [35]. In this study the authors stated: "We assayed
plasma alpha and gamma-tocopherol concentrations for
332 subjects with colorectal adenomas and 363 control
subjects from this previously signoidoscopybased
study. Increasing alpha and decreasing
gamma-tocopherol levels were associated with decreased
occurence of large (>=lcm) but not of small (<=lcm)
adenomas; however, after adjustment for potential
confounding variables, these trends were not
significant." [00 106] In all of the aforementioned
related epidemiological studies concerning vitamin E
and CRC, the focus of the research surrounded the
implications of diet on disease incidence. None of
these studies contemplate the effect of the disease on
these endogenous metabolites. Therefore, one of the
underlying hypothesis is that a dietary deficiency in
a specific vitamin or nutrient leads to an increased
risk of a particular disease. The hypothesis that the
disease state leads to a deficiency in an essential
nutrient or vitamin is not contemplated. [00107] Based
on the discoveries disclosed in this application, it
is contemplated that although dietary deficiencies may
increase the risk of CRC incidence (which has not been
conclusively proven), the presence of CRC results in a
decrease of vitamin E isoforms and related
metabolites. These decreased levels are not likely to
be the result of a simple dietary deficiency, as such
a strong association would have been revealed in
epidemiological studies. If CRC causes a decrease in
these metabolites and not vice versa, then the weak
epidemiological linkages between vitamin E
concentrations and CRC may simply be the result of
early, undetected CRC presence in the assumed normal
cohort, as it is known that CRC can take many years to
manifest to a size and degree that is detectable by
colonoscopy. [00108] Based on the discoveries
disclosed in this application, it is also contemplated
that the decreased levels of vitamin E-like
metabolites are not the result of a simple dietary
deficiency, but rather impairment in the colonic
epithelial uptake of vitamin E and related molecules.
This therefore represents a rate-limiting step for the
sufficient provision of anti oxidant capacity to
epithelial cells under an oxidative stress load. In
this model, the dietary effects of increased iron
consumption through red meats, high saturated fat, and
decreased fibre (resulting in a decreased iron
chelation effect [36]) results in the previously
mentioned Fentoninduced free radical propagation, of
which sufficient scavenging is dependent upon
adequateepithelial levels of vitamin E. Increases in
epithelial free radical load, combined with a vitamin
E-related transport deficiency, would therefore be
reflected by a decrease in vitamin E-like metabolites
as anti-oxidants, as well as decreases in the reduced
carboxylated isoforms resulting from hepatic uptake
and P450-mediated metabolism. It has recently been
shown that the uptake of Vitamin E into CaCo-2 colonic
epithelial cells is a saturable process, heavily
dependent upon a protein-mediated event [37]. Because
protein transporters are in essence enzymes, and
follow typical Michaelis-Menton kinetics, the rate at
which vitamin E can be taken up into colonic
epithelial cells would reach a maximal velocity
(Vmax), which may not be capable of providing a
sufficient anti-oxidant protective effect for the
development of CRC. At some point in time, therefore,
increasing rates of oxidative stress above the rate at
which vitamin E can be transported into colon
epithelial cells will deplete the
intracolonic/epithelial pool. Therefore, the
hypothesis for the development of CRC is based not
only on increases in iron and low fiber in the diet,
but on a deficiency in epithelial uptake of vitamin E
gamma and related metabolites. This is consistent with
many of the epidemiological studies showing a lack of
any significant correlation between CRC incidence and
dietary vitamin E supplementation, as large doses of
vitamin E under this model would not be reflected by
increased intra-epithelia levels. [00109] The accurate
neutral masses of the nine metabolites (M-H ions
converted to neutral mass) specific to CRC pathology
were determined by FTICR-MS to be 446.3406, 448.3563,
450.3726, 464.3522, 466.3661, 468.3840, 538.4259,
592.4711, and 594.4851. Based on these accurate
neutral mass values, the molecular formulas of the
nine preferred diagnostic markers were determined to
be C28H46O4, C28H48O4, C28H50O4, C28H48O5, C28H50O5,
C28H52O5, C32H58O6, C36H64O6, C36H66O6, respectively.
[001 10] The M-H ions of these metabolites are
characterized as having a collision induced
dissociation (CID) MS/MS fragmentation pattern
comprising one or more than one of the daughter ions
shown in Figures 13 to 21. More particularly, the M-H
ions of these seven metabolites are characterized in
having a collision induced dissociation (CID) MS/MS 



fragmentation pattern comprising each of the daughter
ions shown in Figures 13 to 21. [001 11] Based upon
the accurate mass MS/MS spectra, putative structures
were assigned to each of the biomarkers. The
collective interpretation of the MS/MS spectra of the
biomarkers revealed that they all contain a carboxylic
acid moiety (as evidenced by a loss of CO2) and at
least one hydroxyl moiety (as evidenced by the loss of
H2O). Furthermore all of the structuresexcept the
C28H46O4 produced a C18HxOy fragment where x>3 1 and
y>2, suggestive of a highly saturated fatty acid side
chain. This information is consistent with the C28
molecules being metabolites of gamma-tocopherol and
gamma-tocotrienol. The C32 and C36 biomarkers were
subsequently hypothesized to be metabolic byproducts
resulting from the reaction of gammatocopherol and the
lipid peroxides of linoleic and oleic acid residues,
respectively. [001 12] The confirmed structures for
four of, and putative structures for two of, the
selected six metabolites are shown in Figure 12. [001
13] The present invention is also defined with
reference to the following examples that are not to be
construed as limiting. [00114] EXAMPLES [00115]
Example 1: Discovery and identification of
differentially expressed metabolites in CRC-positive
versus normal healthy controls [00116] The biochemical
markers of CRC described in the invention were derived
from the analysis of 40 serum samples from
CRC-positive patients (24 TNM stage I/II and 16 stage
III/IV) and 50 serum samples from healthy controls.
All samples were single time-point collections, and
the CRC samples were taken either immediately prior to
or immediately following surgical resection of a
tumor. All samples were taken prior to chemo- or
radiation therapy. [001 17] Multiple non-targeted
metabolomics strategies have been described in the
scientific literature including NMR [38], GC-MS
[39-41], LC-MS, and FTMS strategies [38, 42- 44] The
metabolic profiling strategy employed for the
discovery of differentially expressed metabolites in
this application was the non-targeted FTMS strategy
invented by Phenomenome Discoveries [40, 44-47]. [001
18] The invention described herein involved the
analysis of serum extracts from 90 individuals (40
CRC, 50 normal) by direct injection into an FTMS and
ionization by either ESI or APCI, in both positive and
negative modes. The advantage of FTMS over other
MS-based platforms is the high resolving capability
that allows for the separation of metabolites
differing by only hundredths of a Dalton, many of
which would be missed by lower resolution instruments.
Organic (100% butanol) sample extracts were diluted
either three or six-fold inmethanol:0.1%(v/v) ammonium
hydroxide (50:50, v/v) for negative ionization modes,
or in methanol:0.1% (v/v) formic acid (50:50, v/v) for
positive ionization modes. For APCI, ethyl acetate
organic sample extracts were directly injected without
diluting. All analyses were performed on a Bruker
Daltonics APEX III FTMS equipped with a 7.0 T actively
shielded superconducting magnet (Bruker Daltonics,
Billerica, MA). Samples were directly injected using
ESI and APCI at a flow rate of 600 mL per hour. Ion
transfer/detection parameters were optimized using a
standard mix of serine, tetra-alanine, reserpine,
Hewlett-Packard tuning mix and the
adrenocorticotrophic hormone fragment 4-10. In
addition, the instrument conditions were tuned to
optimize ion intensity and broad-band accumulation
over the mass range of 100- 1000 amu according to the
instrument manufacturer's recommendations. A mixture
of the abovementioned standards was used to internally
calibrate each sample spectrum for mass accuracy over
the acquisition range of 100-1000 amu. [001 19] In
total six separate analyses comprising combinations of
extracts and ionization modes were obtained for each
sample: Aqueous Extract 1. Positive ESI (analysis mode
1101) 2. Negative ESI (analysis mode 1102) Organic
Extract 3. Positive ESI (analysis mode 1201) 4.
Negative ESI (analysis mode 1202) 5. Positive APCI
(analysis mode 1203) 6. Negative APCI (analysis mode
1204) [00120] Using a linear least-squares regression
line, mass axis values were calibrated such that each
internal standard mass peak had a mass error of < 1
ppm compared with its theoretical mass. Using XMASS
software from Bruker Daltonics Inc., data file sizes
of 1 



megaword were acquired and zero-filled to 2 megawords.
A sinm data transformation was performed prior to
Fourier transform and magnitude calculations. The mass
spectra from each analysis were integrated, creating a
peak list that contained the accurate mass and
absolute intensity of each peak. Compounds in the
range of 100-2000 m/z were analyzed. In order to
compare and summarize data across different ionization
modes and polarities, all detected mass peaks were
converted to their corresponding neutral masses
assuming hydrogen adduct formation. A self-generated
two-dimensional (mass vs. sample intensity) array was
then created using DISCOVAmet cs(tm) software
(Phenomenome Discoveries Inc., Saskatoon, SK, Canada).
The data from multiple files were integrated and this
combined file was then processed todetermine all of
the unique masses. The average of each unique mass was
determined, representing the y-axis. A column was
created for each file that was originally selected to
be analyzed, representing the x-axis. The intensity
for each mass found in each of the files selected was
then filled into its representative x,y coordinate.
Coordinates that did not contain an intensity value
were left blank. Once in the array, the data were
further processed, visualized and interpreted, and
putative chemical identities were assigned. Each of
the spectra were then peak picked to obtain the mass
and intensity of all metabolites detected. These data
from all modes were then merged to create one data
file per sample. The data from all 90 samples were
then merged and aligned to create a two-dimensional
metabolite array in which each sample is represented
by a column and each unique metabolite is represented
by a single row. In the cell corresponding to a given
metabolite sample combination, the intensity of the
metabolite in that sample is displayed. When the data
is represented in this format, metabolites showing
differences between groups of samples (i.e., normal
and cancer) can be determined. [00 121] A student' s
T-test was used to select for metabolites that differ
between the normal and the CRC-positive samples
(p<0.05). The metabolites (480) that met this
criterion are shown in Table 3. These are all features
that differ in a statistically significant way between
the two populations and therefore have potential
diagnostic utility. The features are described by
their accurate mass and analysis mode, which together
are sufficient to provide the putative molecular
formulas and chemical characteristics (such as
polarity and putative functional groups) of each
metabolite. However, the incorporation and development
of 480 signals into a commercially useful assay is
impractical, so supervised statistical methods were
used to extract the optimum diagnostic feature set
from the 480, as described below. [00122] A supervised
statistical method called prediction analysis of
microarrays (PAM)
(http://www-stat.stanford.edu/~tibs/PAM L was used to
select metabolite features having optimal diagnostic
properties from the initial array [48]. The method
involves training a classifier algorithm using samples
with a corresponding known diagnosis, which can then
be applied to diagnose unknown samples (i.e. a test
set). Several supervised methods exist, of which any
could have been used to identify the best feature set,
including artificial neural networks (ANNs), support
vector machines (SVMs), partial least squares
discriminant analysis (PLSDA), sublinear association
methods, Bayesian inference methods, supervised
principal component analysis (PCA), shrunken centroids
(described here), or others (see [49] for
review).[00123] Since there were only 40 CRC samples
to work with in the study, the validity of the PAM
method for diagnosing CRC was tested in two ways.
First, a cross-validated training classifier was
created using all 90 samples (CRC and normal), leaving
no samples for a test set. The second method involved
randomly splitting the samples in half, using one half
to generate a classifier and the other half as a
blinded "test set" for diagnosis. Since the first
method creates the classifier using more samples, its
predictive accuracy would be expected to be higher
than the second approach, and consequently should
require fewer metabolites for high diagnostic
accuracy. The key point is that the same diagnostic
features identified in the first method are also
inclusive to the subset identified in the second
method. Based on these results, and signal-tonoise
intensity information from the mass spectrometry data,
seven metabolites were selected as the optimal CRC
diagnostic biomarker set for further structural
characterization. The graph in Figure 2A shows the
number of metabolites required to achieve given
training errors at various threshold values (a
user-definable PAM parameter). The plot shows that a
training classifier with less than 10% error rate (0.1
training error) is possible with as few as 7
metabolite features (threshold value of approximately
5.8, see arrow). It is worthwhile to note that the
lowest training error can be achieved using 300 or
greater metabolite features, however, the error is
only a few percent lower than using 7 metabolite
features, and using hundreds of features would be
impractical for clinical utility. The plot in Figure
2B is conceptually similar to that in 2A, however, the
graph in 2B shows the misclassification error of the
trained classifier for CRC and 



normal individuals following the cross-validation
procedure integral to the PAM program. The line
connected by diamonds mirrors the previous result,
showing that minimal cross-validated misclassification
error for CRC-positive individuals can be achieved
using as few as seven metabolites. It also shows that
normal individuals, depicted by the squares, can be
accurately diagnosed as normal using only one
metabolite feature, but at this threshold, the
misclassification error for CRC is greater than 95%
(see arrows). Therefore, the best combination of
metabolite features based on this method, which can
both positively and negatively diagnose CRC comprises
a combination of seven metabolite features. These
included masses of, or substantially equivalent to
446.3406, 450.3726, 466.3661, 538.4259, 468.384,
592.471 1, and 594.4851. [00 124] The individual
cross-validated diagnostic probabilities for each of
the 90 individuals in the study are shown in Figure 3.
All of the CRC-positive samples are listed on the left
side of the graph, and the normal individuals on the
right. Each sample contains two pointson the graph,
one showing the probability of having CRC (diamonds),
and one showing the probability of not having CRC
(i.e. normal, squares). As can be seen, there are
seven CRC samples, which classify as normal (circled
on the left side of the graph) and two normal samples
that classify as CRC-positive (circled on the right
side of the graph). The predicted probabilities were
then used to create the receiver-operating
characteristic (ROC) curve in Figure 4 using JROCFIT
(http://www.rad.jhmi.edu/jeng/javarad/roc/JROCFITi.htm
l), which shows the true positive fraction (those with
CRC being predicted to have CRC) versus the false
positive fraction (normal individuals predicted as
having CRC). The area under the curve is 95%, with a
sensitivity of 82.5%, and a specificity of 96%.
Overall, the diagnostic accuracy is 90% based on the
cross-validated design. These seven metabolites were
further selected for structural characterization.
[00125] The more samples that are available as the
training set, the more accurate the resulting
classifier should be at diagnosing unknown samples.
This was the reason for using all 90 samples to
identify the optimal diagnostic marker panel described
above. However, the drawback of this approach is that
it leaves no samples available as blinded test set
(which were not included in the training set). To
address this problem, the samples were randomly split
into two groups: one for creating the classifier and
one to use as a test set. The training set comprised 2
1 CRC samples and 27 normals. The optimal number of
metabolites required for the lowest misclassification
error using these samples was 16, listed at the bottom
of Figure 5. Within these 16 are contained the subset
of seven described above. The classifier was next used
to predict the diagnosis of the remaining samples
(blinded; 22 CRC and 27 normal). The predicted
probabilities of the blinded test samples as either
being CRC-positive or normal are plotted in Figure 5.
The results show that two of the CRC-positive samples
are given a higher probability of being normal, and
two of the normals are given a higher probability of
being CRC-positive. Figure 6A lists the patients,
which were used in the test set, and their actual and
predicted diagnosis. The probabilities from Figure 5
were then translated into a ROC curve, as shown in
Figure 6B. The performance characteristics based on
classification of the blinded test set were
sensitivity of 91%, specificity of 92.6%, and overall
diagnostic accuracy of 91.8%. [00126] To verify that
the seven metabolites selected by the classifier were
indeed showing differences between CRC and normal
serum, the raw spectral data were visualized. Spectra
for six of the seven biomarkers for five of the normal
and five of the CRC samples areshown in Figures 7A to
7F (normals on the top and CRCs on the bottom of each
panel). In each case, the marker is present in the
normal samples, and absent from the CRC samples. [00
127] Based upon these results, a clear distinction can
be made between the serum of CRC-positive patients and
healthy (non-CRC) individuals. Therefore, such
findings, capable of identifying and distinguishing
CRC-positive and CRC-negative serum, can form the
basis for a CRC diagnostic test as described in this
application. [00128] Example 2: Independent Method
Confirmation of Discovered Metabolites [00129] The
intensity differences between normal and CRC serums
for the seven diagnostic metabolites discovered using
the FTMS method were verified using an independent
mass spectrometry method. Five representative
CRC-positive sample extracts and five representative
normal sample extracts were analyzed by LC-MS using an
HP 1050 highperformance liquid chromatography
interfaced to an ABI QSTAR(r) mass spectrometer.
[00130] Ethyl acetate fractions from five CRC and five
normal sample extracts were evaporated under nitrogen
gas and reconstituted in 70 uL of
isopropanol:methanol:formic acid (10:90:0.1). 10 mL of
the reconstituted sample was subjected to HPLC (HP
1050 with Hypersil 



ODS 5 u, 125 x 4 mm column, Agilent Technologies) for
full scan, and 30 mL for MS/MS at a flow rate of 1
ml/min. [00 131] Eluate from the HPLC was analyzed
using an ABI QSTAR(r) XL mass spectrometer fitted with
an atmospheric pressure chemical ionization (APCI)
source in negative mode. The scan type in full scan
mode was time-of-flight (TOF) with an accumulation
time of 1.0000 seconds, mass range between 50 and 1500
Da, and duration time of 55 min. Source parameters
were as follows: Ion source gas 1 (GSl) 80; Ion source
gas 2 (GS2) 10; Curtain gas (CUR) 30; Nebulizer
Current (NC) -3.0; Temperature 4000C; Declustering
Potential (DP) -60; Focusing Potential (FP) -265;
Declustering Potential 2 (DP2) -15. In MS/MS mode,
scan type was product ion, accumulation time was
1.0000 seconds, scan range between 50 and 650 Da and
duration time 55 min. All source parameters are the
same as above, with collision energy (CE) of -35 V and
collision gas (CAD, nitrogen) of 5 psi. [00132] The
extracted ion chromatograms (EICs) as detected in the
QSTAR(r) for six of the biomarkers are shown in
Figures 8A to 8F. The top panel shows the five normal
EICs, andthe bottom panel of each shows the five CRC
EICs. Also, the sensitivity of the QSTAR(r) is
superior as compared to the FTMS, resulting in a
greater magnitude in intensity difference between the
normal and CRC populations for the selected
biomarkers. [00133] Figure 9 shows three sets of
extracted mass spectra (EMS) for six of the
metabolites at a retention time window of 16-17
minutes. Figure 9A represent the average EMS of the
five normal samples, while Figure 9B represents the
average EMS for the five CRC samples. Figure 9C shows
the net difference between the top two spectra. As can
be seen, all peaks in the mass range between
approximately 445 and 600 Da are barely detectable in
the CRC panel (boxed region). All seven of the
biomarkers identified on the FTMS platform were
detected on the Q-Trap, and were seven of the most
abundant peaks in this mass range (highlighted by
arrows). [00 134] Averages of the seven markers as
detected on the FTMS and Q-Star for normals and CRC
patients are shown in Figure 1OA and Figure 1OB,
respectively. With both platforms, a reproducible and
consistent depletion of these molecules was observed
in the CRC-positive population. [00 135] Although the
PAM algorithm had selected seven features with
"optimal" diagnostic performance, we re-examined the
initial FTMS discovery data for metabolites which
appeared to be related to these seven based on
molecular formula, chemical properties and ionization
information. We were able to identify over 30
molecules related to the seven PAM had selected which
all showed decreased expression in the CRC patient
cohort. These could further be categorized according
to the carbon content, that is, either 28, 32, or 36
carbons (see Figure 11). In addition, native alpha and
gamma-tocopherol were identified and also showed
decreased intensity in the CRC cohort (Figure 11, GT
and AT). Based on this information, we re-evaluated
which molecules should be carried forward into a
high-throughput screening method, and decided to use
the six C28-containing molecules, as they consistently
appeared to be the most robust discriminators between
the two populations (CRC and normals). [00136] Example
3: Structure elucidation of the primary metabolite
biomarkers (NMR, FTIR and MSMS) [001 37] The principal
characteristics that are normally used for the
structural elucidation of novel metabolites are
accurate mass and molecular formula determination,
polarity, acid/baseproperties, NMR spectra, and MS/MS
or MSn spectra. However, it would be obvious to one
skilled in the art that other characteristics of the
metabolites could be used in an attempt to determine
its structure. [00138] The molecular formulas of the
nine preferred diagnostic markers were determined to
be C28H46O4, C28H48O4, C28H50O4, C28H48O5, C28H50O5,
C28H52O5, C32H58O6, C36H64O6, C36H66O6 based on their
accurate neutral mass, polarity, and ionization
characteristics. These metabolites have been
determined, according to the present invention to
consist of a semi- saturated chroman ring and phytyl
side chain and therefore consistent with vitamin
E-related structures. [00 139] The extracts containing
the metabolites of interest were subjected to reverse
phase LC-MS using a Cl 8 column and analysis by MS as
described in the detailed methods above. The retention
time for all said vitamin E-like biomarkers is
approximately 16.5 minutes under these HPLC
conditions. [00 140] The conditions of extraction also
provide insights about the chemical properties of the
biomarkers. All seven of the metabolite markers were
extracted into an organic ethyl 



acetate fraction, indicating that these metabolites
are non-polar under acidic condition. Furthermore,
they were preferentially ionized in negative APCI mode
indicating an acidic proton is present in the
molecules. [00141] The structure of a given molecule
will dictate a specific fragmentation pattern under
defined conditions that is specific for that molecule
(equivalent to a person's fingerprint). Even slight
changes to the molecule's structure can result in a
different fragmentation pattern. In addition to
providing a fingerprint of the molecule's identity,
the fragments generated by CID can be used to gain
insights about the structure of a molecule. MS/MS
analysis was carried out on the ABI- QSTAR(r) XL with
all parameters as previously mentioned using nitrogen
as the collision gas at 5 psi and CE settings of -25,
-35 and -50 volts. [00142] The six metabolites
identified as having the best diagnostic ability and
suitability for HTS development were subject to MS/MS
fragmentation using collision-induced dissociation
(CID). The six were selected from the original nine to
narrow the group to all C28- containing molecules and
to molecules that could be all detected in the same
analysis mode. Figures 12A to 12F compare the
structures of the six molecules to the gamma forms
oftocopherol and tocotrienol. This figure can be
referred to for the following detailed structural
descriptions below. [00143] Based upon the accurate
mass MS/MS spectra, putative structures were assigned
to each of the biomarkers. In summary, the collective
interpretation of the MS/MS spectra of the biomarkers
revealed that they all contain a carboxylic acid
moiety (as evidenced by a loss of CO2) and at least
one hydroxyl moiety (as evidenced by the loss of H2O).
Furthermore all of the structures except the C28H46O4
produced a C18HxOy fragment where x>31 and y>2,
suggestive of a highly saturated fatty acid side
chain. This information is consistent with the C28
molecules being metabolites of gamma-tocopherol. The
C32 and C36 biomarkers were subsequently hypothesized
to be metabolic byproducts resulting from the reaction
of gammatocopherol and the lipid peroxides of linoleic
and oleic acid residues, respectively (Figures 19 to
21). The MS/MS spectra support this hypothesis. As
would be obvious to someone skilled in the art, minor
modifications (including, but not limited to, the
location of a double bond, the location of a hydroxyl
group, the stereo or chiral orientation of certain
carbon atoms) would not distract significantly from
the identity of the biomarkers as described. The
assignment of the structures to fragments are shown in
Figures 13 to 21, and listed in Tables 5 to 10 for six
of the markers further characterized below. The masses
reported for MS-MS results refer to the detected mass,
and not the neutral mass. These are referred to as M-I
masses, and will appear to lack one Dalton in mass or
a hydrogen within the formula relative to their
neutral counterparts mentioned in the previous
sections, because they are detected in a negative
ionization mode on the mass spectrometer. However, M-I
masses represent the same molecules as the neutral
counterparts. The subsequent NMR section refers to
neutral masses. [00144] Specifically, MS/MS data
obtained in the negative ionization mode for each
biomarker was individually analyzed for structural
assignment, particularly the placement of functional
groups. The MS/MS spectra of each biomarker showed
peaks due to loss of water (M- 18) and carbon dioxide
(M-44). These stipulate the presence of free hydroxyl
groups adjacent to a tertiary or secondary carbon
molecule and a carboxylic acid group. Loss of the
phytol chain fragment was also commonly observed but
cleavage of the chain occurred at different places.
[00145] For C2 H47O4 (Table 5, Figure 13) an initial
loss of water and carbon dioxide (m/z 385; C27H45O) is
observed. Next fragment representing m/z 279 (Ci9H35O)
is suggestive of a consequent chroman ring opening at
O1-C9 and cleavage of the phytol chain at C10-C4
position.[00146] For C28H47O5 (Table 6, Figure 14),
which possesses two free hydroxyl functionalities
shows loss of two water molecules along with the
regular carbon dioxide loss (m/z = 383; C27H43O).
Sequential ring opening at O1-C9 is indicative in here
too, followed by the cleavage between Cl 8- C19
generating a fragment OfC22H35O (m/z 315). Subsequent
signal corresponding to m/z 297 (C22H33), representing
a loss of a water molecule from the open ring fragment
was also observed. Unlike in biomarker 3 (m/z
448.3726) the cleavage of the phytol chain takes place
at C12-Cl 3 where the signals for the two halves of
the molecules, m/z 241 (C14H25O3), 223 (Ci4H23O2) were
observed in the MS/MS spectra of C28H48O5. This
particular fragmentation is a strong evidence for the
distribution of the functional groups between the
chroman ring and the phytol chain. [00147] MS/MS
spectrum of C28H45O4 (Table 7, Figure 15) exhibit a
similar pattern to that of C28H47O5. Loss of water
(m/z 427; C28H43O3) and carbon dioxide (m/z 401;
C27H45O2) observed to be both alternate and instant
(m/z 383; C27H43O). Like in C28H47O5 the cleavage of 



the phytol chain takes place at C12-C13, after an
initial loss of water between C17-C18, generating a
fragment of m/z 223 (C 4H2 O2). The other counter
fragment, Ci4H2 O (m/z 205) is also observed and is
also representative as the parent ion of next two
consecutive fragments, m/z 177 (C12H17O) and 162 (Cn
Hi14O) indicating losses OfC2H8 and CH3 respectively.
[00148] Interestingly, in C28H49O5 (Table 8, Figure
16), in addition to the accustom losses of water (m/z
447; C28H47O4) and carbon dioxide (m/z 421; C26H45O3),
loss of an ethanol fragment (m/z 433; C27H45O4)
followed by an ethylene fragment (m/z 405; C26H45O3)
is also detected. These observations signify the
proposed ring opening at C2-C3 of the chroman ring and
hydroxylation of the C27 methyl group, generating
viable precursors for methanol and ethylene fragments.
Several different fragments were observed due to the
fragmentation of the phytol side chain. Cleavage at
C18-Cl 9 (m/z 349; C22H37O3), cleavage at C1-C2 after
an initial water loss between C18-C 17 (m/z 297;
Ci8H33O3) followed by a loss of another water molecule
(m/z 279; Ci8H3 1O2) and cleavage at C15-C16 (m/z 185;
C13H19O3) were among them. The anticipated
fragmentation between C12-Cl 3 were also observed as
two counter molecular-ion halves, m/z 241 (Ci5H29O2)
and 223 (C 3H19O3) . [00 149] The MS/MS spectrum of
C28H49O4 (Table 9, Figure 17) also displayed the
expected water and carbon dioxide losses (m/z 431;
C28H49O4, 405; C27H49O2). Similar to that of C28H47O5
this showed a fragment due to the loss of two water
molecules (m/z 413; C28H45O2).This suggests the
presence of two free hydroxyl groups in the structure.
Cleavage of the phytol ring takes place at two
positions, between C15-Cl 6 (m/z 281; Ci H33O2) and
between C16-Cl 7 followed by a loss of water molecule
(m/z 277; C19H33O).These fragments establish the
absence of a hydroxyl group in the phytol chain and
the unsaturation between C17-Cl 8. The structure of
biomarker 7 is assembled accordingly. [00150] The
MS/MS spectra of C2 H5 1O5 (Table 10, Figure 18)
indicated loss of two water molecules (m/z 431; C2
H47O3) and another fragment for a loss of water and a
carbon dioxide molecules at the same time (m/z 405;
C27H49O2) suggesting for the presence of two free
hydroxyl groups and a carbonyl functionality. Some of
the fragments observed here are identical to that of
C28H49O5, of which the only difference from C28H51O5
is an excess degree of unsaturation. Cleavage at C1-C2
after an initial water loss between C18-Cl 7 (m/z 297;
Ci8H33O3) followed by a loss of another water molecule
(m/z 279; Ci8H3iO2) were among them. Subsequent loss
of a CH4 from Ci8H IO2 is represented by the molecular
ion peak m/z 263 (C 7H27O2). The molecular ion peak of
m/z 215 (Ci2H23O3) is suggestive of a fragment of the
phytol chain due to C13-Cl 4 bond cleavage followed by
a loss of CH3. Fragment due to the cleavage of the
phytol chain at C15-C16 (m/z 187; C I0H I9O3) was
observed as the parent ion for the next two
consecutive fragments, resulted due to loss of a water
molecule (m/z 169; Ci0Hi7O2) and an ethylene fragment
(m/z 141; C8Hi3O2) respectively from C10Hi9O3. [00151]
In addition to the six C28-containing molecules, MSMS
analysis of the non C28 vitamin E-like molecules was
also performed as shown in Figures 19 through 2 1.
These C32 and C36 biomarkers thought to be metabolic
byproducts resulting from the reaction of
gammatocopherol and the lipid peroxides of linoleic
and oleic acid residues, respectively. The MS/MS
spectra support this hypothesis as shown in Figures 19
to 21. [001 52] For the NMR and FTIR methods, all
chemicals and media were purchased from Sigma-Aldrich
Canada Ltd., Oakville, ON. All solvents were HPLC
grade. Analytical thin layer chromatography (TLC) was
carried out on precoated silica gel TLC aluminum
sheets (EM science, Kieselgel 60 F254, 5 x 2 cm x 0.2
mm). Compounds were visualized under UV light (254/366
nm) or placed in iodine vapor tank and by dipping the
plates in a 5% aqueous (w/v) phosphomolybdic acid
solution containing 1% (w/v) eerie sulfate and 4%
(v/v) H2SO4, followed by heating. Preparative thin
layer chromatography (prep TLC) was performed on
silica gel plates (EM science, 60 F254 20 x 20 cm,
0.25 mm thickness). Compounds were visualized under
UVlight and in iodine. HPLC analysis were carried out
with a high performance liquid chromatograph equipped
with quaternary pump, automatic injector, degasser,
and a Hypersil ODS column (5 mm particle size silica,
4.6 i.d x 200 mm) and semi-prep column (5 mm particle
size silica, 9.1 i.d x 200 mm), with an inline filter.
Mobile phase: linear gradient H2O-MeOH to 100% MeOH in
a 52 min period at a flow rate 1.0 ml/min. [001 53]
NMR spectra were recorded on a Bruker Avance
spectrometers; for 1H (500 MHz), d values were
referenced to CDCl3 (CHCl3 at 7.24 ppm) and for 13C
NMR (125.8 MHz) referenced to CDCl 3 (77.23 ppm). High
resolution (HR) mass spectra (MS) were recorded on
Bruker apex 7T Fourier transform ion cyclotron
resonance (FT-ICR) and QStar XL TOF mass spectrometers
with atmospheric pressure chemical ionization (APCI)
source in the negative 



mode. Fourier transform infrared (FT-IR) spectra were
recorded on a Bio-Rad FTS-40 spectrometer. Spectra
were measured by the diffuse reflectance method on
samples dispersed in KBr. [001 54] A semi-purified
pooled HPLC fraction (32 mg) of serum extracts which
exhibited a mixture of gamma-tocopherol-like and
gamma-tocotrienol-like compounds in 1H NMR spectrum
was purified by preparative TLC to yield the
structures as shown in Figures 12C to 12F; C (3, 3.6
mg), D (4, 2.5 mg), E (5, 3.4 mg), and F (6, 4.6 mg).
We refer to these novel structures as gamma-tocoenoic
acids in the following section. [00155] The molecular
formula of gamma-tocoenoic acid 3; Figure 12C (3) was
determined as C28H48O4 (neutral) by HRAPCI-MS,
possessing five degrees of unsaturation. The FTIR
absorptions at 3315 (br) and 1741 cm 1 suggested
hydroxyl and carbonyl groups. Analysis of the 1H and
13C NMR spectroscopic data (Tables 11 and 12)
indicated the presence of six methyl groups, four
olefinic carbons and a long phytol chain as present in
gamma-tocotrienol; Figure 12B(2)[50, 51]. Analysis of
the HMQC and HMBC data were instrumental in the
assignment of the structure. The only carbonyl-like
carbon present at dc 173.8 (C-23) which displayed one
long range correlation with a methine proton at dH
2.24 (H-22) was confirmed as carboxylic acid
functionality using the loss of carbon dioxide
observed in its MS/MS spectra. Likewise, the carbon at
dc 74.2 (C-9) displayed correlations with a methylene
proton at dH 2.28 (H-4) which together with another
methylene proton at dH 2.28 (H-6) showed HMBC
correlations with a sp2 carbon at dc 130.5 (C-IO).
These are indicative of a semi-saturated chroman ring
system as present in gamma-tocotrienol (Figure 12B).
On the phytol side chain,long range correlations were
observed between methyl protons at d 1-55 (H-26) and
sp2 carbon at dc 123.2 (C- 13), methylene protons
around dH 1.01 (H- 12, H- 15) and sp2 carbon at dc
140.2 (C- 14), and methyl protons around dH 0.91
(H-25) and the quaternary carbon at dc 56.6 (C-1 8).
The MS/MS spectral analysis confirms fragments due to
a loss of water and carbon dioxide and ring opening at
C9-O1 position followed by the loss of phytol side
chain fragment (m/z 279; Ci8H3 O2) . Hence, the
structure of this gamma-tocoenoic acid was assigned as
3 (Figure 12C). [00 156] Gamma-Tocoenoic acid 4;
Figure 1ID (4) had a molecular formula of C28H48O5
(HRAPCI-MS) indicating five degrees of unsaturation.
The FTIR absorptions at 3437 (br) and 1743 cm 1
suggested hydroxyl and carbonyl groups. The 1H and 13C
NMR spectra were very similar to that of C28H48O4. The
only difference included an additional hydroxy group,
indicated by an additional H2O loss in the MS/MS
fragmentations when compared to that of C28H48O4,
which was assigned on C-6 considering the 1H - 1H COSY
correlations of the methylene protons, H-5 (dH
2.21-2.25 ) and H-7 ((dH 1.47-1.53), to the methine
proton, H-6 (dH 3.69-3.71). MS/MS spectral analysis
also confirmed the presence of the carboxylic group
indicative by the loss of CO2 molecule and MS/MS
fragments due to the cleavage between C12 and C13,
Ci4H25O3 (m/z 241) and Ci4H23O2 (m/z 223), which
further supports the assignment of the diene on the
phytol side chain and hydroxylation on the chroman
ring. Hence, the structure of gamma-tocoenoic acid 4
was assigned as shown in Figure 12D. [00 157]
Gamma-Tocoenoic acid 5; Figure 12E (5) had a molecular
formula of C2 H 6O (HRAPCI-MS) indicating six degrees
of unsaturation. The FTIR absorptions at 3125 (br) and
1736 cm 1 suggested the presence of hydroxyl and
carbonyl groups. The 1H and 13C NMR spectra were very
similar to that of C28H48O4; the only difference was
an additional double bond in the semi-saturated
chroman ring system resulted by highly liable
dehydration between C6 and C7. The MS/MS spectral
analysis confirmed the presence of the carboxylic
group, fragments due to water loss as well as the
fragments due to the cleavage between C12 and Cl 3,
C14H23O2 [m/z 223; (Ci4H25O3 - H2O) and C14H2 O (m/z
205; C]4H23O2 - H2O) similar to those observed for
C28H48O5. Hence, the structure of gamma-tocoenoic acid
5 was assigned as shown in Figure 12E. [00 158]
Gamma-Tocopheric acid 6 (Figure 12F) had a molecular
formula of C28H50O5 (HRAPCI-MS) indicating four
degrees of unsaturation. The FTIR absorptions at 33 14
(br) and 1744 cm 1 suggested hydroxyl and carbonyl
groups. The 1H and 13C NMR spectra showed
somesimilarities to that of C28H48O4 and C28H48O5 but
there were some significant differences observed as
well. The similarities include the presence of six
methyl groups, four sp2 hybridized carbons, and a
carbonyl-like carbon at dc 174.1 (C-23), displaying
long range correlation with a methine proton at 5H
2.28 (H-22). The differences include the opening of
the chroman ring system, with the 1H NMR spectrum
displaying a spin system containing two methylene
protons at dH4.27 - 4.29 (H-27a, dd, J = 4.0, 12.0 Hz)
and dH4.04 - 4.14 (H-27b, dd, J = 6.0, 12.0 Hz)
coupled together and to a methine proton at dH 5.12
(H-2, m), established using 1H - 1H COSY 



and 1H - 1H homonuclear decoupling experiments. In
addition HMBC and 1H - 1H COSY of C28H50O5 did not
exhibit the long range correlations between methyl
protons and sp2 carbon which was a common fact for the
other tocotrienoic acids C28H48O4, C28H48O5 and
C28H46O4, indicating the saturation of the phytol side
chain, which confine this structure as a derivative of
gamma-tocopheric acid. The MS/MS spectral analysis
confirmed the presence of the carboxylic group,
fragments due to water loss as well as the two common
fragments as a consequence of the cleavage between C12
and C13, m/z 241 and 223. This suggests that despite
the ring opening between C2 and C3 and the saturation
of the phytol chain, the rest of the structural
aspects are similar to those of other identified
tocoenoic acids C28H48O4, C28H48O5 and C28H46O4.
Hence, the structure of gamma-tocopheric acid was
assigned as 6 of Figure 12F. [00159] The structures of
the other two biomarkers that could not be isolated by
prep TLC using the tested solvent systems, C58H50O (7,
Figure 12G) and C28H52O5 (8, Figure 12 H) were
assembled by evaluating their MS/MS fragmentation
data, as shown in Figures 12G and 12H, respectively.
[00160] The metabolites were isolated from serum and
the structure re-confirmed by NMR. A total of 200 mL
of serum was extracted with ethyl acetate (500 mL,
3c), dried using the nitrogen evaporator and the
extract reconstituted in 4 mL of methanol. The extract
was subjected to LC/MS in fraction collection mode
(100 mL injections, 4Ox) with fractions collected in 1
min windows for 52 mins. The expected metabolites,
which eluted within 15 - 17 mins, were pooled and
concentrated to dryness using the nitrogen evaporator
(about 32 mg). The semi purified fraction which
exhibited a mixture of tocopherol related compounds in
1H NMR spectrum was subjected to prep TLC, developed
with CH2Cl2 - hexane (2: 1) to yield gammatocoenoic
acid 3 (3.6 mg) and gamma-tocoenoic acid 4 (2.5 mg).
The remaining bands were combined (about 22 mg) and
further applied to prep TLC using cyclohexane - CH2Cl2
- EtOAc(35:5:1, for two times) to yield
gamma-tocoenoic acid 5 (3.4 mg), gamma-tocopheric acid
6 (4.6 mg) and a fraction (6.6 mg) which turned out to
be a mixture. Gamma- Tocoenoic acid 3 [00161] TLC Rf
=0.81 (cyclohexane-CH 2Ci2-EtOAc, 10:4:1); for 1H and
13C NMR spectra, see Tables 11 and 12; FTIR (cm 1)
3315 (br), 2935, 2852, 1741, 1465, 1377, 1178, 726;
HRAPCI-MS m/z: measured 447.3490 ([M - H] , calcd.
447.3480 for C28H47O4) . MS/MS m/z (relative
intensity): 447 ([M - H] , 50%), 429 (45%), 403
(100%), 385 (20%), 279 (10%). Gamma-Tocoenoic acid 4
[00162] TLC Rf = 0.21 (cyclohexane-CH 2Cl2-EtOAc,
10:4:1); for 1H and 13C NMR spectra, see Tables 11 and
12; FTIR (cm 1) 3347 (br), 2935, 2868, 1743, 1466,
1377, 1057, 958; HRAPCI-MS m/z: measured 463.3449
([M-H] , calcd. 463.3429 for C28H47O5); MS/MS m/z
(relative intensity): 463 ([M - H] , 100%), 445 (50%),
419 (90%), 401 (25%), 241 (20%). Gamma-Tocoenoic acid
5 [00163] TLC Rf=0.79 (cyclohexane-CH 2Cl2-EtOAc,
10:4:1, UV active spot); for 1H and 13C NMR spectra,
see Tables 11 and 12; FTIR (cm 1) 3125 (br), 2941,
2855, 1736, 1556, 1466, 1377, 1177, 1008, 773;
HRAPCI-MS m/z: measured 445.3333 ([M-H] , calcd.
445.3323 for C28H45O4) . MS/MS m/z (relative
intensity): 445 ([M - H] , 100%), 427 (60%), 401
(85%), 383 (40%), 223 (12%), 205 (20%), 177 (10%), 162
(18%). Gamma-Tocopheric acid 6 [00164] TLC Rf =0.62
(cyclohexane-CH 2CI2-EtOAc, 10:4:1, UV active spot);
for 1H and 13C NMR spectra, see Tables 11 and 12; FTIR
(cm" 1) 3314 (br), 2926, 2854, 1744, 1465, 1379, 1253,
1145, 722; HRAPCI-MS m/z: measured 465.3588 ([M-H] ,
calcd. 465.3585 for C28H49O5) . MS/MS m/z (relative
intensity): 465 ([M - H] , 100%), 447 (50%), 421
(35%), 403 (20%), 349 (10%), 279 (18%). [00165]
Example 4. High-Throughput Screening (HTS) Method
Development and Analysis of Independent Sample Set[001
66] A high throughput analysis method was then
developed for the six primary biomarkers discovered
using the FTMS method and confirmed using the LC-MS
method. [00167] Serum samples are extracted as
described for non-targeted FTMS analysis. The ethyl
acetate organic fraction is used for the analysis of
each sample. 15uL of internal standard is added
(lng/mL of (24- 13C)-Cholic Acid in methanol) to each
sample aliquot of 12OuL ethyl acetate fraction for a
total volume of 135uL. The autosampler injects lOOuL
of the sample by flow-injection analysis into the
4000QTRAP. The carrier solvent is 90%methanol:10%ethyl
acetate, with a flow rate of 360uL/min into the APCI
source. [00 168] The MS/MS HTS method was developed on
a quadrupole linear ion trap ABI 



4000QTrap mass spectrometer equipped with a TurboV(tm)
source with an APCI probe. The source gas parameters
were as follows: CUR: 10.0, CAD: 6, NC: -3.0, TEM:
400, GSl: 15, interface heater on. "Compound" settings
were as follows: entrance potential (EP): -10, and
collision cell exit potential (CXP): -20.0. The method
is based on the multiple reaction monitoring (MRM) of
one parent ion transition for each metabolite, one
transition for the endogenous housekeeper and a single
transition for the internal standard. Each of the
transitions is monitored for 250 ms for a total cycle
time of 2.3 seconds. The total acquisition time per
sample is approximately 1 min. A summary of the
overall method is shown in Figure 26. Briefly, the
method measures the intensities of each of the six
biomarker and internal standard (IS) transitions (as
shown in Figures 27A to 27F), as well as a
"housekeeping" biomarker transition (Figure 27G)
previously determined to be endogenously present in
human serum. The housekeeping biomarker is a
metabolite that was identified to not change with
disease state, and should be detected in any correctly
prepared serum sample. The objective of the
"housekeeping" biomarker is therefore to ensure that
samples collected from multiple sites are compatible
with the HTS test. A patient score is then generated
by determining the lowest mean-normalized log(2)
transformed ratio of the six measured biomarker :IS
transitions per patient. This value is then compared
to a distribution of scores generated from normal
individuals, and a CRC risk factor is assigned
accordingly. We confirmed that the ABI 4000QTrap was
capable of accurately measuring the transition peak
areas using the method described above by plotting the
peak area ratios of the biomarker transitions versus
the internal standard transitions for each of the six
biomarkers as well as the housekeeping metabolite
(Figure 26). In addition, the HTS method also
incorporates a series of dilutions of reference serum
material, which allows for the determination and
assurance of instrument linearity. If the housekeeping
metabolite is notdetected, or the calibration curve
has a R2 value >0.98, then the sample run is
considered a failure and the sample needs to be rerun.
[00169] To validate the initial discovery that said
vitamin E-like molecules are associated with CRC, an
independent set of samples comprising 186 CRC, 288
normals, 24 prostate cancer, 25 ovarian cancer, 30
renal cell carcinoma, 25 lung cancer and 20 breast
cancer samples were analyzed using the HTS method
described above. The results of this analysis are
summarized in Tables 13A, which shows that the
sensitivity of the method for CRC is approximately 78%
when a cutoff ratio of -1.3 is used to determine who
should be considered at high risk for the presence of
CRC (see normal distribution in Figure 28 and
diagnostic output in Figure 29). This result
irrefutably verifies the decreased levels of these
novel vitamin E-like molecules with the presence of
colon cancer. However, here it was also determined
that the cross-cancer comparison showed a sensitivity
of 70% among the ovarian cancers, and 36 to 40%
sensitivity for renal cell and lung cancer,
respectively. These sensitivity values were selected
based upon an 89% specificity cutoff for CRC (this
equates to an approximate 5% false-positive rate,
since the normal distribution, as shown in Figure 28,
was based upon individuals who were not confirmed to
be disease-free via colonoscopy. It has been
previously reported that up to 10% of the average to
low-risk population is positive for high-grade
dysplasia upon endoscopic examination, which were not
accounted for in our distribution[52]. Although the
non-CRC cancer sets were relatively small in numbers,
the overlap of the test results with ovarian cancer is
significant and therefore diagnosis of ovarian cancer
was included in the claims. Ultimately, larger
populations of non-CRC cancers will need to be tested
to confirm these results. [001 70] We also used
randomly selected subsets of normal and CRC-positive
individuals to check for bias due to age, ethnicity,
BMI and gender, and observed no significant
differences in the levels of said biomarkers within
any of these variable classes (Table 13B). In
addition, we observed no bias towards patients grouped
into either stage I/II or UVYV (TNM) for CRC or to the
presence or absence of polyps (Table 13B). [00171]
Example 5: Biological Interpretation of Metabolic
Pathways Perturbed in CRC and OC[00172] Based on the
structural elucidation of the six biomarkers, and
further investigation of the FTMS data, additional
insights related to free radical formation and CRC
were hypothesized . [00173] Further investigation into
putative tocopherol and tocotrienal metabolites
revealed that both alpha and gamma-tocopherol
concentrations in serum were observed to be
significantly decreased in the CRC patient population
(see Figure 11). We calculated the
alpha/gamma-tocopherol ratio to be 6.3, which is
consistent with previously reported literature values.
Particularly revealing was the observation that
although serum alpha-tocopherol 



intensities were observed to be significantly higher
than those of gamma, six metabolites with molecular
formulas corresponding to omega-oxidized
gamma-tocopherol/tocotrienol metabolites, which have
never been reported in the literature, were observed
in both the normals and in the CRC patients, whereas
no omega-oxidized alpha-tocopherol metabolites were
observed. These findings are consistent with the
recent findings of Sontag and Parker [53], in which it
was shown that the formation of omega COOH was over
5OX greater for gammatocopherol than alpha-tocopherol
in human hepatic HepG2 cells. This omega carboxylation
event and subsequent metabolism of tocopherols to
various hydroxychromanols has also been observed for
tocotrienols [17]. It is believed that the reason that
these metabolites were not discovered by Sontag and
Parker [53] or by Birringer et al. [17] is that the
omega-oxidation mechanisms described by these
scientists were performed on non-modified alpha- and
gammatocopherol/ tocotrienol metabolites. Our results
indicate that the omega-oxidation occurs either after
gamma-tocopherol/tocotrienol has reacted with free
radicals, presumably in colon/ovarian epithelial
cells, or simultaneously in colon/ovarian epithelial
cells. [001 74] A number of other metabolites that
were observed as decreasing in CRC had molecular
formulas similar to those putatively identified as
gamma-tocopherol or gammatocotrienol- related. These
metabolites fell into three broad categories based on
the number of carbon molecules, specifically whether
they had 30, 32, or 36 carbons (Figure 11). It was
subsequently hypothesized that these metabolites are
derived from reactions between gammatocopherol and
peroxy radicals from linolenic, linoleic, and oleic
acid lipid residues (described below). These metabolic
derivatives of gamma-tocopherol/tocotrienol undergo
subsequent omega oxidation via P450 during first pass
metabolism in the liver.[00 175] Not wishing to be
bound by any particular theory, the present invention
discloses a hypothesis (Figure 36) implicating the
role of vitamin E and related metabolites in the
establishment and progression of CRC and OC by
contemplating that the decreased levels of specific
fatty acids, vitamin E isoforms, and related
metabolites are not the result of a simple dietary
deficiency, but rather an impairment in the colonic
epithelial uptake of vitamin E and related molecules.
This impairment represents a rate-limiting step for
the sufficient provision of antioxidant capacity under
normal or elevated oxidative stress loads. In this
model, the initiating event for the development of CRC
or OC is a lack of vitamin E gamma in colonic
epithelial cells. Assuming an equal diet in two
individuals, the person with attenuated vitamin E
transport into colonic epithelia cells will have
elevated free radicals. This then becomes directly
proportional to the decreased serum vitamin E
metabolites as described in this application. However,
the hypothesis also contemplates that the resulting
reduced levels of omega-COOH metabolites in the serum
will have a negative inhibition effect on the
prostaglandin biosynthetic pathway, due to a decreased
competitive inhibitory effect on arachidonic acid, as
mentioned previously in this application. We
hypothesize that the resulting activation of the
prostaglandin pathway is implicated in the development
of other cancers, particularly ovarian, of epithelial
origin. We also contemplate the further activation of
the COX pathway in CRC via this mechanism, which may
explain the well-established role of non-steroidal
anti-inflammatory drugs (NSAIDS) as preventive agents
in CRC and other cancers. [00 176] These findings are
significant regarding treatment strategies of CRC and
OC. In both of these diseases, inflammation is a risk
factor. Gamma-tocopherol and gammacarboxyethyl
hydroxychromanol (CEHC) has been shown to decrease
arachadonic mediated inflammation. The delay in
activity of gamma-tocopherol indicates that
gamma-tocopherol may be a precursor to the actual
biologically active molecule. The discovery of
multiple omega COOH gamma-tocopherol/tocotrienol
metabolites suggest that these are endogenous anti
inflammatory agents and that a decrease in these
metabolites may result in or be indicative of
inflammation associated with CRC and OC. [001 77] Free
radicals have long been thought to play a role in the
etiology of colon cancer [36], [54], [55]. In this
application, we present for the first time an
integrated hypothesis that indicates that CRC is
associated with chronic hyperoxidative stress and that
gamma-tocopherol has unique anti-oxidant properties
that are important for maintaining a healthy oxidative
state in colon and ovarian epithelial cells. Although
[56] mention the anti-oxidant properties of
gammatocopherol, these properties are assumed to be
equivalent to those of alpha-tocopherol. The present
invention identifies unique metabolites that indicate
that gamma-tocopherol/trienol or related metabolites
may have unique lipid radical scavenging mechanisms.
The high degree of selectivity of these findings to
CRC and OC versus other cancers (Table 13) - in
combination with previous reports showing a
preferential uptake of gamma-tocopherol into colon
epithelial 



cells, higher concentrations of gamma-tocopherol
versus alpha-tocopherol in colon epithelial cells,
increased bioactivity of trienols versus tocopherols,
and an increased turn-over of gammatocopherol versus
alpha-tocopherol - is strong evidence supporting the
hypothesis that gammatocopherol/ trienol-related
processes are selectively involved in epithelial cell
homeostasis. [00178] It has been well established that
antioxidants are consumed over the course of their
function and that this function operates in real time;
that is, excess antioxidant capacity on one day does
not make up for deficient antioxidant capacity on
another day. Apart from relatively minor recycling
mechanisms, antioxidants have a limited capacity and
shelf life and, once they are used up, oxidation
reactions proceed unchecked. For this reason, the
selection of antioxidant molecules that are capable of
neutralizing multiple free radical molecules would be
biologically favored. A mechanism whereby a single
gamma-tocopherol/tocotrienol molecule can neutralize
up to six free radical molecules is proposed and
supported by the analytical data and previous
literature surrounding free radical propagation. [001
79] The process of lipid oxidation has been
extensively studied. Figure 30 illustrates the process
of auto-oxidation of an unsaturated fatty acid
(linolenic acid is used as an example). Briefly, a
hydrogen radical is abstracted from a hydrocarbon
molecule (Figure 30A). This abstraction, mediated by
light, heat, irradiation, metal ions, or radicals, is
heavily favored in unsaturated hydrocarbons versus
saturated hydrocarbons. In biological systems the
formation of peroxide is the initiating step (Figure
30A). The peroxide radical can then be either a)
stabilized by gamma-tocopherol-hydroxide (Figure 30B)
or b) it can react with a gamma-tocopherol peroxide
radical (Figure 30C), in both cases forming
semi-stable peroxides. The two peroxides are then
converted to a hydroxide radical through the
iron-catalyzed Fenton reaction [36] or in an
iron-independent fashion through nitric oxide [57],
[58]. Although gamma-tocopherol has been shown to be
superior to alpha-tocopherol in detoxifying nitrogen
dioxide in vitro [59], the in vivo study of Stone et
al [60] clearly demonstrated that in rats fed either a
high or low gamma- /alpha-tocopherol ratio diet,
ratios of -2:1 and 1:18, respectively, with either the
recommended daily amount of iron or an eight-fold
enriched diet, the increased iron was observed
tosignificantly decrease gamma-tocopherol levels in
colonocytes (32%) and plasma (18%) and
alpha-tocopherol levels in colonocytes (22%). The
increased iron had no effect on either alphaor
gamma-tocopherol concentrations in either the liver or
feces. The iron concentration in the gastrointestinal
tract is substantially higher in the colon relative to
the small intestine. It has been estimated that iron
concentrations in the colon are greater than 10 times
those found in other tissues [36]. Therefore, free
radical formation in the colon is most likely an
iron-catalyzed event. [00180] The hydroxyl radical
abstracts a hydrogen radical to form a stable molecule
of water and leaves behind a lipid radical. All
tocopherols and tocotrienols can neutralize these
hydroxyl radicals, thereby preventing lipid free
radical formation. However, once a lipid radical is
formed, the activity of an antioxidant is related to
its ability to be co-localized with the lipid radical.
It has been shown that the vitamin E isoforms contain
the optimal phytyl side chain length for incorporation
into lipid membranes, making these molecules ideal for
scavenging lipid radicals from membranes. [00181]
Lipid free radicals that are not scavenged readily
react with oxygen to form a lipid peroxide radical
(Figure 30A). Tocopherols/tocotrienols can donate a
hydrogen radical to a lipid peroxide, resulting in the
formation of a tocopherol/tocotrienol radical that is
stabilized by the chromanin ring structure and a
resulting lipid hydroperoxide (Figure 30B). Under
normal conditions, free radical propagation is
arrested at this step. The tocopherol/tocotrienol
radical is capable of reacting with a second lipid
peroxide radical to form a tocopherol/tocotrienol
peroxide, which is an even electron molecule (Figure
30C). Although hydro/alkyl peroxide molecules are not
free radicals, the 0-0 bond is high energy, the
breakdown of which is energetically favored (Figure
30D). The two most potent catalysts known to
facilitate the breakdown of hydroperoxides are copper
and iron. As has been mentioned previously in this
application, the large intestine is a particularly
concentrated source of iron. Therefore, these
hydroperoxides can be broken down into a hydroxyl
radical and a lipid oxide radical, thereby restarting
the free radical propagation sequence. Like a free
lipid hydroperoxide, the tocopherol/tocotrienol
peroxide is presumed to be sensitive to breakdown in
the presence of iron or copper. [00 182] The present
invention proposes a novel mechanism for the internal
degradation of this peroxide into a stable
tocopherol/tocotrienol alkyl ether and lipid aldehyde.
The proposed reaction creates two thermodynamically
stable products. It is proposed that the peroxides
formedfrom three primary unsaturated fatty acid
residues present in endogenous lipids - linolenic, 



linoleic, and oleic acid - are neutralized by
tocopherols/tocotrienols by this mechanism (Figure 3
1A to C). This mechanism appears to be selective for
gamma-tocopherol, and is supported by the observation
that C30, C32, and C36, byproducts of gamma-tocopherol
but not alphatocopherol, are formed in humans. There
is no such mechanism to create stable products from
the degradation of the initial hydroperoxide,
generated from the reaction of the neutral
tocopherol/tocotrienol degraded in the presence of
iron (Figure 32). This reaction creates a hydroxyl
radical and a lipid oxide radical, and therefore needs
to be neutralized by classical means. The lipid oxide
radical can spontaneously degrade to an aldehyde and a
radical alkane or alkene (Figure 33). We propose an
additional mechanism whereby tocopherol/tocotrienols
can neutralize the resultant free radical alkane. We
propose that the unhindered aromatic ring structure of
gamma-tocopherol/tocotrienol can accept a hydrogen
radical from the radical alkane, resulting in a
ring-stabilized tocopherol/tocotrienol radical and a
stable alkene (Figure 34). Through this mechanism
gamma-tocopherol/tocotrienol would be capable of
neutralizing up to six alkane radicals. This
hypothesis is supported by the observation of
gamma-tocopherol metabolites, wherein the aromatic
ring is reduced to a single double bond. It therefore
appears that gamma-tocopherol can accept a maximum of
four hydrogen radicals (Figure 34). As a result of
these two mechanisms, one molecule of
gamma-tocopherol/tocotrienol would be capable of
neutralizing six free radicals. [001 83] As discussed
previously, the gamma-tocopherol-related metabolite
that results from these proposed mechanisms undergoes
w-oxidation via a P450 reaction during first pass
metabolism in the liver (Figure 35). [00184]
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invention has been described with regard to one or
more embodiments. However, it will be apparent to
persons skilled in the art that a number of variations
and modifications can be made without departing from
the scope of the invention.Table 1: CRC Staging and
Survival Statistics
(http://www.alternative-cancertreatments.
com/colon-cancer-prognosis.htm) T=tumor; N = node
involvement; M= metastasisINTERPENETRATING NETWORKS,
AND RELATED METHODS AND COMPOSITIONS FIELD OF THE
INVENTION The present invention relates to a hydrogel
material comprising an interpenetrating polymeric
network. More particularly, the present invention
relates to hydrogel material comprising an
interpenetrating polymeric network in which at least
component network is based on a bioolymer and uses
thereof, as well as devices manufactured from the
hydrogel material. BACKGROUND Tissue engineering is a
rapidly growing field encompassing a number of
technologies aimed at replacing or restoring tissue
and organ function. The key objective in tissue
engineering is the regeneration of a defective tissue
through the use of materials that can integrate into
the existing tissue so as to restore normal tissue
function. Tissue engineering, therefore, demands
materials that can support cell over-growth, in-growth
or encapsulation and, in many cases, nerve
regeneration. United States Patent No. 5,716,633
describes a collagen-hydrogel promoting epithelial
cell growth, made from collagen (~0.12-0.14%(w/w)) and
2-hydroxyIethyl methacrylate (HEMA), using ammonium
persulfate and sodium metabisulfate as a free radical
initiator at 38C in contact lens molds. Ethylene
glycol dimethacrylate was used as a cross-linking
agent to cross link HEMA only. In this patent, the
collagen concentration is very low, and the collagen
is not cross-linked. In such a system, collagen can
leach out in to the surrounding aqueous media. United
States Patent No. 4,388,428 describes biologically
stabilized hydrogels as contact lens material,
composed of collagen and ethylenically unsaturated
compounds and cross-linking agents, e.g.,
N-isopropylacrylamide and N,N-methylenebisacrylamide
via 60Co irradiation. There is some bonding between
collagen and the synthetic polymer. The final collagen
content is about 7% w/w. In this gel system only the
ethylenically unsaturatedcompound is effectively
cross-linked; the collagen is only slightly
cross-linked by gamma irradiation of l.OMrd total
dose. 



United States Patent No. 4,452,929 describes an
aqueous coating composition with a collagen
concentration of about 1.5% in the final
collagen-ethylenically unsaturated compound hydrogel.
Examples of vision enhancing ophthalmic materials that
are non-biodegradable and allow regeneration of
corneal cells and nerves when implanted have been
reported. However, despite these properties, these
materials still lack the elasticity and optimum
toughness for easy handling during surgery, especially
under sub-optimal conditions such as in developing
countries. Accordingly, there remains a need for
materials that can be used in ophthalmic devices and
that have the required elasticity and toughness for
handling during surgery. This background information
is provided for the purpose of making known
information believed by the applicant to be of
possible relevance to the present invention. No
admission is necessarily intended, nor should be
construed, that any of the preceding information
constitutes prior art against the present invention.
SUMMARY OF THE INVENTION An object of the present
invention is to provide interpenetrating polymeric
networks (IPNs), and related methods and compositions.
In accordance with one aspect of the present
invention, there is provided a hydrogel material
comprising an interpenetrating network of two or more
polymer networks, wherein at least one of the polymer
networks is based on a biopolymer. In accordance with
another aspect of the present invention, there is
provided a method of producing a hydrogel material
according to the present invention, the method
comprising, combining a first polymeric network with a
second polymeric network, wherein the first polymeric
network or the second polymeric network is based on a
biopolymer. In accordance with another aspect of the
invention, there is provided a kit for producing a
hydrogel material according to the present invention,
the kit comprising, (i) aninterpenetrating polymeric
networks of two or more polymeric networks, wherein at
least one of the polymeric networks is based on a
biopolymer; and (ii) instructions for the production
thereof. In accordance with another aspect of the
present invention, there is provided devices
manufactured from the IPN hydrogel material,
including, but not limited to implants (e.g., corneal
implants), corneal onlays, nerve conduit, blood
vessels, drug delivery device and catheters,
therapeutic lens, intraocular lens, and methods of
manufacture thereof. BRIEF DESCRIPTION OF THE FIGURES
Figure 1 is a photograph of a NiColl20/MPC IPN
hydrogel according to one embodiment of the present
invention. Figure 2 graphically depicts the mechanical
properties (strength, elongation, and toughness) of
two IPNs according to specific embodiments of the
present invention; Figure 3 graphically depicts the
optical properties (% light transmission) for IPN-I
and IPN-II compared to those for Control-I,
Control-II, human and rabbit corneas. Figure 4
graphically depicts growth of Human Epithelial Cells
on (a) IPN-I and (b) IPN-II hydrogels. Figure 5
depicts nerve growth on the surface of IPN-II (EPlO-1
1) hydrogel. Figure 6 is a photograph of a collagen-
synthetic copolymeric IPN. Figure 7 is a photograph of
the above polymer (EPlO-1 1) implanted into the cornea
of a Yucatan mini-pig by lamellar keratoplasty
(partial thickness graft). Figure 8 depicts a
chondroitin sulphate-based material to deliver
endothelial progenitor cells (EPCs) into a muscle test
system and obtaining incorporation of labelled EPCs
(labelled green) into blood vessels via angiogenesis,
(A) Injection site (arrow) of EPCs (green labeled) in
skeletal muscle from rat ischemic hindlimb, (B)
Magnified image of EPCs (arrows) migrating from
injected matrix into the tissue, (C) EPCs were
observed within blood vessel structures
(arrows).Figure 9 graphically depicts the mechanical
properties (strength, elongation, and toughness) of
HPN-3 to HPN-5 materials compared to Control- 1,
Control-2, HPN-I (IPN-I), and HPN-2 (IPN-II); Figure
10 graphically depicts the optical properties (% light
transmission) for HPN-3 to HPN-7 compared to those for
HPN-I (IPN-I), HPN-2 (IPN-II), and human and rabbit
corneas. Figure 11 depicts growth of Human Epithelial
Cells on (a) Culture dish control 



surface, (a) HPN-3, (b) HPN-4, and (c) HPN-5 hydrogels
on day 6 post seeding; Figure 12 graphically depicts
the maximum strength hydrogels with different Collagen
to DMA ratios in kPa ( standard deviation); Figure 13
graphically depicts the percent breaking strain of
hydrogels for each Collagen to DMA ratio ( standard
deviation); Figure 14 graphically depicts the modulus
for Collagen to DMA ratios in kPa ( standard
deviation); Figure 15 graphically depicts white light
transmission of collagen-DMA hydrogels; Figure 16
shows epithelium cell in vitro growth on collagen-DMA
(3:1 w/w) hydrogels, optical images at day 3 showing
cell confluence; and Figure 17 is a Scanning Electron
Micrograph image of microspheres of alginate (average
diameter: 300 micron). Figure 18 graphically depicts
in vitro biodegradation of collagen and EPN hydrogels.
Figure 19 shows a comparison of the IPN (right hand
column) with crosslinked recombinant human collagen
(centre column). The left hand column shows untreated
control. Figure 19 shows In vivo confocal images of
typical implants at six month post operative compared
with a set of typical untreated, contralateral,
control corneas. Both (EDC/NHS) crosslinked
recombinant human collagen and medical grade porcine
collagen- MPC IPNs show that the re-growth of nerves
into the stroma and sub-epithelial nerve network
(arrows).Figure 20 shows the effect of
alginate-grafting onto plasma treated
collagen/chitosan IPN on endothelium adhesion
proliferation. Group A: Radio Frequency power (RFP) =0
w; Group B: RFP=40 w; Group C: RFP=IOOw. Blue bars: 0%
alginate; Green bars: 1% alginate; Orange bars: 5%.
DETAILED DESCRIPTION OF THE INVENTION DEFINITIONS
Unless defined otherwise, all technical and scientific
terms used herein have the same meaning as commonly
understood by one of ordinary skill in the art to
which this invention pertains. The term "hydrogel," as
used herein, refers to a cross-linked polymeric
material which exhibits the ability to swell in water
or aqueous solution without dissolution and to retain
a significant portion of water or aqueous solution
within its structure. The term "polymer," as used
herein, refers to a molecule consisting of individual
monomers joined together. In the context of the
present invention, a polymer may comprise monomers
that are joined "end-to-end" to form a linear
molecule, or may comprise monomers that are joined
together to form a branched structure. The term
"bio-polymer," as used herein, refers to a naturally
occurring polymer. Naturally occurring polymers
include, but are not limited to, proteins and
carbohydrates. The term "bio-polymer" also includes
derivatised forms of the naturally occurring polymers
that have been modified to facilitate cross-linking to
a synthetic polymer of the invention. The term
"synthetic polymer," as used herein, refers to a
polymer that is not naturally occurring and that is
produced by chemical or recombinant synthesis. The
term "interpenetrating network" or "IPN", as used
herein, refers to an interpenetrating polymeric
network, which is a combination of two or more
polymers in which each polymer forms a network. There
is entanglement and interactions between the networks.
When swollen in a solvent, none of the polymers will
dissolve in the solvent. As used herein, "optically
clear" refers to at least 85% transmission of white
light. In certain embodiments, "optically clear"
refers to optical clarity that is equivalent to that
of a healthy cornea, for example, having greater than
90% transmission of white light and less than 3%
scatter.As used herein, a "corneal onlay" is an
ophthalmic implant or device configured, in size and
shape, to be located between the epithelium or an
epithelial cell layer and the Bowman's membrane in an
eye, of a human or animal. In comparison, a "contact
lens" is configured to be located over the epithelium
of an eye. A corneal onlay may rest entirely over the
Bowman's membrane, or it may include one or more
portions that extend into Bowman's membrane. Such
portions constitute a minor portion of the device,
such as less than 50% of the area or volume of the
device. As used herein, a "corneal inlay" is a device
or implant configured to be placed in the stroma of an
eye. Corneal inlays may be placed in the stroma by
forming a flap or a pocket in the stroma. Corneal
inlays are placed below the Bowman's membrane of an
eye. 



As used herein, a "full-thickness corneal implant"
refers to a device that is configured to replace all
or part of an unhealthy cornea of an eye located
anterior to the aqueous humour of the eye. IPN
Hydrogel Material The IPN hydrogel material of the
present invention comprises an IPN that is suitable
for use in a variety of applications, including, but
not limited to, clinical, therapeutic, prophylactic or
cosmetic applications. The IPN hydrogel material can
be used to replace, restore and/or augment tissue
and/or organ function in a subject in need thereof.
The IPN hydrogel material of the present invention is
characterized by low cytotoxicity or no cytotoxicity,
ability to facilitate cell and/or nerve growth, and/or
moldability. The material also has sufficient
mechanical and structural properties to permit
handling, implantation, and the like, which may
include suturing, and post-installation wear and tear.
In accordance with one embodiment of the present
invention, devices made from the IPN hydrogel material
are produced using molds. Such devices include, but
are not limited to, molded ophthalmic onlays and
implants, which are formed to the desired size and
shape. In accordance with a specific, non-limiting
example of the present invention, the IPN material is
used in ophthalmic devices, wherein the material can
provide one or more of the following benefits to an
individual to whom the device is fitted: (i) a desired
refractive index, (ii) a desired optical clarity (for
visible light, optical transmission and light
scattering equal toor better than those of healthy
human cornea material of comparable thickness), (iii)
a desired optical power, such as a vision enhancing
optical power, (iv) enhanced comfort, (v) enhanced
corneal and epithelial health, and (vi) therapeutic
benefit, for example, in the treatment of a disease,
disorder or traumatic injury of an eye. In accordance
with this embodiment, the material of the present
invention can be made transparent, or optically clear.
The material can also be molded to include a vision
corrective curvature. The material of the present
invention is suitable for use in ophthalmic devices,
in part, because it is (i) shapeable, such as
moldable, to form a matrix with an acceptable optical
power, (ii) effective in facilitating nerve growth
through and/or over the device, and (iii) can be made
optically clear or visually transparent. When the
device is a corneal onlay, the device is effective in
facilitating re-epithelialization over the anterior
surface of the device. The IPN material of the present
invention can be manufactured to permit gas or
nutrient diffusion as required for its particular
application. For example, in the case of corneal
onlays, the material from which the onlay is produced
provides for or permits gas and nutrient exchange
between the Bowman's membrane and epithelium to
maintain a viable, fully functioning epithelium. Such
nutrients include glucose and factors or agents to
promote or enhance the survival, growth, and
differentiation of cells, such as epithelial cells.
The exchange should be comparable to or better than
that of a healthy human cornea. The permeability of
the material to nutrients and/or drugs can be
monitored using conventional techniques. In addition,
the movement of the nutrients and/or drugs through the
material should not cause the optical properties of
the material to change significantly. The onlays or
lenticules are fully biocompatible, allow rapid
epithelial adhesion to the onlay, and permit
restoration of nerve innervation and sensitivity, for
example touch sensitivity. The IPN hydrogel material
of the present invention comprises a combination of
two or more polymeric networks. At least one of the
polymeric networks is formed from a biopolymer. The
second polymer network is formed from either a
synthetic polymer or a second bio-polymer. The
material can comprise a third, or more, polymeric
network formed by sequential IPN. For example, an IPN
material can swell in a third monomer with
cross-linker to form an additional network after
curing. The third monomer can be the same as the first
or the second monomer.Bio-polymers Bio-polymers are
naturally-occurring polymers and their derivatives,
such as proteins and carbohydrates. In accordance with
the present invention, the material comprises a
biopolymer or a derivatised version thereof, in the
form of a network. Examples of suitable biopolymers
for use in the present invention include, but are not
limited to, collagens (including Types I, II, III, IV,
V and VI), denatured collagens (or gelatins),
recombinant collagens, fibrin-fibrinogen, elastin,
glycoproteins, polysaccharides such as, but not
limited to, alginate, chitosan, N-carboxymethyl
chitosan, O-carboxymethyl chitosan, N,O-carboxymethyl
chitosan, hyaluronic acid, chondroitin sulphates and
glycosaminoglycans (or proteoglycans), 



oxidized polysaccharides such as, but not limited to
oxidized chondroitin sulphate, oxidized alginate and
oxidized hyaluronic acid. Suitable bio-polymers for
use in the invention can be purchased from various
commercial sources or can be prepared from natural
sources by standard techniques. A bio-polymer or
derivative thereof is selected based on one or more of
the following properties: (1) the bio-polymer is
bio-compatible and optionally promotes cell adhesion
and growth and/or promotes nerve growth; (2) the
bio-polymer includes reactive groups which can be
cross-linked by a variety of cross-linking agents, for
example, but not limited to, EDC/NHS chemistry to form
one component of an IPN; (3) the bio-polymer can be
crosslinked to form a hydrogel, i.e. one component of
a network via chelating ions or physically
cross-linked by pH or temperature. In one example,
alginate is cross-linked forming a hydrogel by adding
Ca + into alginate aqueous solution; (4) a derivitised
bio-polymer, for example oxidized polysaccharides
(oxidized chondroitin sulfate bears aldehyde groups),
can be chosen to crosslink another bio-polymer, such
as collagen, to form one component of the IPN; (5) the
bio-polymer may form a transparent IPN with the
synthetic polymer for ophthalmic device use. However,
non-transparent IPN may also be used in other
applications, such as a sclera patch or in other
tissue engineering areas. Synthetic polymers Monomers
that form synthetic polymers include, for example, but
not limited to various alkyl acrylamide, water soluble
polyethylene glycol diacrylate, acrylic acid and its
derivatives, alkyl acylate, methylacrylic acid and its
derrivatives, alkyl methacrylate, 2- hydroxyethyl
methacrylate, 2-methacryloyloxyethyl
phosphorylcholine, vinyl pyrrolidone,glycomonomer
(herein refers to a polymerizable monomer which is
derivatised monosaccharide or a derivitised
oligosaccharide, for example, glycosyloxyethyl
methacrylate and 2-methacryloxyethyl glucoside). The
resultant polymers should be biocompatible, biosafe
and miscible with bio-polymers. The starting monomers
are hydrophilic and usually contain polymerizable
double bonds, the polymerization should occur at a
temperature below about 370C, or below the
denaturation temperature of the protein, in some cases
such as when the a protein as a biopolymer such as
collagen is used as the other component to form the
IPN. Bio-active Agents The IPN hydrogel material of
the present invention may be manufactured to include
one or more bio-active agents. Selection of the
appropriate bio-active agent or combination of agents
is based on the application of the material.
Non-limiting examples of bioactive agents that may be
incorporated into the material include, for example,
growth factors, retinoids, enzymes, cell adhesion
factors, extracellular matrix glycoproteins (such as
laminin, fibronectin, tenascin and the like),
hormones, osteogenic factors, cytokines, antibodies,
antigens, and other biologically active proteins,
certain pharmaceutical compounds, as well as peptides,
fragments or motifs derived from biologically active
proteins. Bioactive agents also include anti-bacterial
and anti-viral agents. Method of Preparing the IPN
Based Hydrogel Material As discussed above, IPN is an
interpenetrating polymeric network. The reactants are
added in one pot in a sequence, and the crosslinking
reaction occurs simultaneously. For example to make
NiColl/MPC IPN (example I): Collagen is cross-linked
by EDC/NHS forming one polymeric network; MPC is
cross-linked by PEG-diacrylate forming another
polymeric network. These two polymeric networks are
interpenetrating each other forming an IPN. To make a
thermodynamic compatible interpenetrating polymer
network, which is important to the mechanical and,
optionally, optical properties of the devices, the
relative amounts of monomer and polymer as well as
crosslinking agents are controlled in a certain range.
An excessive amount of one component may result in
large size of a micro domain, causing an evident phase
separation, which will deteriorate the properties of
devices. Thus selecting the amount of components in
IPN should first meet the basic requirements of IPN.
The ratio of the components can be adjusted in order
to make a transparent IPN for ocularapplication. The
ratio of components can also be adjudted to meet
mechanical properties of the final hydrogel. Testing
the IPN Based Hydrogel Material In accordance with the
present invention, in order to be suitable for in vivo
implantation for tissue engineering purposes, the
hydrogel material, with or without added bioactive
agents, must maintain its form at physiological
temperatures, be adequately robust 



for handling and suturing, be substantially insoluble
in water, support the growth of cells and be inert for
using as blood vessel, catheter or intraocular lens
for cataract surgery. It may also be desirable for the
material to support the growth of nerves. It will be
readily appreciated that for certain specialised
applications, the material may require other
characteristics. For example, for surgical purposes,
the material may need to be relatively flexible as
well as strong enough to support surgical manipulation
with suture thread and needle, and for ophthalmic
applications, such as cornea repair or replacement,
the optical clarity of the material will be important.
The components of the IPN material and their relative
amounts are selected to provide the required
characteristics. Physical / Chemical testing When used
for tissue engineering applications, the material must
exhibit the mechanical properties necessary to prevent
tearing or rupturing when subjected to surgical
procedures and to provide adequate support for cell
growth in and/or around the material once in place.
The ability of material to resist shearing forces and
tearing is related to its intrinsic mechanical
strength, the form and thickness of the material and
the tension being applied. The ability of the material
to withstand shearing forces, or tearing can be
roughly determined by applying forces in opposite
directions to the specimen using two pairs of forceps.
Alternatively, a suitable apparatus can be used to
quantitatively measure the ability of the material to
withstand shearing forces. Tensiometers for this
purpose are available commercially, for example, from
MTS, Instron, and Cole Parmer. For testing, the
material can be formed into sheets and then cut into
appropriately sized strips. Alternatively, the
material can be molded into the desired shape for
tissue engineering purposes and the entire molded
material can be tested. To calculate tensilestrength,
the force at rupture, or "failure," of the material is
divided by the cross-sectional area of the test
sample, resulting in a value that can be expressed in
force (N) per unit area. The stiffness (modulus) of
the material is calculated from the slope of the
linear portion of the stress/strain curve. Strain is
the real-time change in length during the test divided
by the initial length of the test sample before the
test begins. The strength at rupture is the final
length of the test sample when it ruptures minus the
length of the initial test sample, divided by this
initial length. One skilled in the art will appreciate
that because of the softness of hydrogels and
exudation of the aqueous component when clamped,
meaningful tensile data can be difficult to obtain
from hydrogels. Quantitative characterisation of
tensile strength in hydrogels can be achieved, for
example, through the use of suture pull-out
measurements on molded material samples. Typically, a
suture is placed about 2 mm from the edge of a test
sample and the peak force that needs to be applied in
order to rip the suture through the sample is
measured. For example, for a test sample of material
intended for ophthalmic applications that has been
molded in the shape and thickness of a human cornea,
two diametrically opposed sutures can be inserted into
the material, as would be required for the first step
in ocular implantation. The two sutures can then be
pulled apart at about 10 mm/min on a suitable
instrument, such as an Instron Tensile Tester.
Strength at rupture of the material is calculated,
together with elongation at break and elastic modulus
[see, for example, Zeng et al., J . Biomech., 34:533-
537 (2001)]. It will be appreciated by those skilled
in the art that, for that material intended for
surgical applications, the material need not be as
strong (i.e., have the same ability to resist tearing)
as mammalian tissue. The determining factor for the
strength of the material in such applications is
whether or not it can be sutured in place by a careful
and experienced surgeon. If desired, the lower
critical solution temperature (LCST) of the hydrogel
material can be measured using standard techniques.
For example, LCST can be calculated by heating samples
of the matrix at about 0.20C per minute and visually
observing the cloud point (see, for example, H.
Uludag, et al, J. Appl. Polym. ScL 75:583 - 592
(2000)). Permeability of the material can be
determined by assessing the glucose permeability
coefficient and/or the average pore sizes for the
material using standard techniques such as PBS
permeability assessment using a permeability cell
and/or atomic force microscopy.Optical transmission
and light scatter can also be measured for material
intended for ophthalmic applications using a
custom-built instrument that measures both
transmission and scatter (see, for example, Priest and
Munger, Invest. Ophthalmol. Vis. ScL 39: S352 (1998)
In vitro Testing 



It will be readily appreciated that the material must
be non-cytotoxic or minimally/acceptably cytotoxic and
biocompatible in order to be suitable for in vivo use.
The cytotoxicity of the material can be assessed using
standard techniques such as the Ames assay to screen
for mutagenic activity, the mouse lymphoma assay to
screen for the ability of the material to induce gene
mutation in a mammalian cell line, in vitro
chromosomal aberration assays using, for example,
Chinese hamster ovary cells (CHO) to screen for any
DNA rearrangements or damage induced by the matrix.
Other assays include the sister chromatid assay, which
determines any exchange between the arms of a
chromosome induced by the matrix and in vitro mouse
micronucleus assays to determine any damage to
chromosomes or to the mitotic spindle. Protocols for
these and other standard assays are known in the art,
for example, see OECD Guidelines for the Testing of
Chemicals and protocols developed by the ISO. The
ability of the material to support cell growth can
also be assessed in vitro using standard techniques.
For example, cells from an appropriate cell line, such
as human epithelial cells, can be seeded either
directly onto the material or onto an appropriate
support surrounding the material. After growth in the
presence of a suitable culture medium for an
appropriate length of time, confocal microscopy and
histological examination of the material can be
conducted to determine whether the cells have grown
over the surface of and/or into the material. The
ability of the material to support in-growth of nerve
cells can also be assessed in vitro. For example, a
nerve source, such as dorsal root ganglia, can be
embedded into an appropriate support surrounding the
material or directly inserted into the material. An
example of a suitable support would be a soft collagen
based gel. Cells from an appropriate cell line can
then be seeded either directly onto the material or
onto an appropriate support surrounding the material
and the material can be incubated in the presence of a
suitable culture medium for a pre-determined length of
time. Examination of the material, directly and/or in
the presence of a nerve-specific marker, for example
by immunofluorescence usinga nerve-specific
fluorescent marker and confocal microscopy, for nerve
growth will indicate the ability of the material to
support neural in-growth. Growth supplements can be
added to the culture medium, to the material or to
both in experiments to assess the ability of the
material to support cell growth. The particular growth
supplements employed will be dependent in the type of
cells being assessed (e.g., in view of the intended
application of the hydrogel material) and can be
readily determined by one skilled in the art. Suitable
supplements for nerve cells, for example, include
laminin, retinyl acetate, retinoic acid and nerve
growth factors for nerve cells. In vivo Testing In
order to assess the biocompatibility of the material
and its ability to support cell growth in vivo, the
material can be implanted into an appropriate animal
model for immunogenicity, inflammation, release and
degradation studies, as well as determination of cell
growth. Suitable control animals may be included in
the assessment. Examples of suitable controls include,
for example, unoperated animals, animals that have
received allografts of similar dimensions from a donor
animal and/or animals that have received implants of
similar dimensions of a standard, accepted implant
material. At various stages post-implantation,
biopsies can be taken to assess cell growth over the
surface of and/or into the implant and histological
examination and immunohistochemistry techniques can be
used to determine whether nerve in-growth has occurred
and whether inflammatory or immune cells are present
at the site of the implant. For example, various
cell-specific stains known in the art can be used to
assess the types of cells present as well as various
cell-specific antibodies, such a anti-neurofilament
antibodies that can be used to indicate the presence
or absence of nerve cells. In addition, measurement of
the nerve action potentials using standard techniques
will provide an indication of whether the nerves are
functional. In vivo confocal microscopic examination
can be used to monitor cell and nerve growth in the
animal at selected post-operative times. Where
appropriate, touch sensitivity can be measured by
techniques known in the art, for example, using an
esthesiometer. Restoration of touch sensitivity
indicates the regeneration of functional
nerves.Applications The present invention provides an
IPN hydrogel material that is biocompatible and
non-cytotoxic (or minimally cytotoxic) and, therefore,
suitable for use as a scaffold to allow tissue
regeneration in vivo. For example, the material can be
used for implantation into a 



patient to replace tissue that has been damaged or
removed, for wound coverage, as a tissue sealant or
adhesive, as a skin substitute or cornea substitute,
or as a corneal veneer. The material can be molded
into an appropriate shape prior to implantation, for
example it can be pre-formed to fill the space left by
damaged or removed tissue. The material can also be
used as a Support/scaffold that does not necessarily
allow tissue regeneration, which may be desirable for
example when used as intraocular lens or therapeutic
lens. In addition, the IPN hydrogel material of the
present invention can be used in, for example, i)
transplantation using corneal implants; ii) refractive
correction by way of corneal inlays, onlays,
implantable contact lenses, IOLs; iii) cataract
surgery - IOLs; iv) reconstruction of skin; optionally
in combination with fibrin (to induce vascular
ingrowth via angiogenesis); v) delivery of drugs,
peptides or growth factors for stimulation of stem
cell growth, and differentiation (particular examples
of this use of the material of the present invention
include, as bandage contact lenses or implants for the
eye or a longer lived cosmetic filler than collagen
alone for removal of wrinkles in anti-aging or
rejuvenative applications (cosmetic surgery). In this
regard, tests have demonstrated sub-cutaneous
biocompatibility and stability after 30 days in rat),
vi) delivery of genetically engineered cells, e.g.
bone marrow stem cells that produce Factor VIII for
delivery system in treatment of Haemophilia A; vii)
nerve scaffolds, especially when fiber reinforced; and
viii) implantation into other organs or tissues where
scaffolding is needed - e.g. cardiac patches and
cartilage replacements. Although this application is
largely directed to hydrogel material, it will be
clear to the skilled worker that the material can be
used as a base material to reconstruct skin, heart
patches, encapsulation of genetically engineered cells
for implantation (for example Factor 8 producing cells
for Hemophilia) and nerve reconstruction. Bioactive
factors, combinations of growth factors, peptides can
be added to differentiate these base materials for
these other tissue engineering/regenerative medicine
applications.In one embodiment of the present
invention, the material is pre-formed into an
appropriate shape for tissue engineering purposes. In
another embodiment the material is pre formed as a
full thickness artificial cornea or as a partial
thickness material suitable for a cornea veneer. In
accordance with another embodiment of the present
invention there is provided a device comprising a body
including a material of the present invention that is
effective in facilitating nerve growth through the
body when the device is placed in an individual. For
example when place in an eye of the individual, the
material can facilitate nerve growth through the body,
thereby permitting corneas receiving the device or
devices to maintain their touch sensitivity. In the
specific example in which the device is an ophthalmic
device for placement in the eye of the individual, the
body can be formed to have an optical power. Thus, the
body may be understood to be a lens body. As discussed
herein, the ophthalmic device may be configured, such
as sized and shaped, to be a corneal onlay, a corneal
inlay, or a full-thickness corneal implant. In certain
embodiments, the ophthalmic device is a refractive
error correcting device that does not have an optical
power. For example, refractive error correcting
devices in accordance with the present disclosure may
be understood to be blanks that can be placed between
a patient's corneal epithelium and Bowman's membrane,
or in the patient's corneal stroma. The material may
also be used as a delivery system to deliver a
bioactive agent to a particular region in a patient.
Once within the body, the bioactive agent is released
from the material, for example, through
diffusion-controlled processes or, if the bioactive
agent is covalently bound to the material, by
enzymatic, chemical or physical cleavage from the
material, and subsequent release by
diffusion-controlled processes. Alternatively, the
bioactive agent may exert its effects from within the
material. In one embodiment of the present invention,
the bio-synthetic material is used as an artificial
cornea. For this application, the material is
pre-formed as a full thickness artificial cornea or as
a partial thickness material suitable for a cornea
veneer. In accordance with this embodiment, the
hydrogel is designed to have a high optical
transmission and low light scattering.Kits The present
invention also contemplates kits comprising the
hydrogel material. The kits may comprise a
"ready-made" form of the material or they may comprise
the individual components required to make the
material in appropriate proportions. The kit may
optionally 



further comprise one or more bioactive agent. The kits
may further comprise instructions for use, one or more
suitable solvents, one or more instruments for
assisting with the injection or placement of the final
material composition within the body of an animal
(such as a syringe, pipette, forceps, eye dropper or
similar medically approved delivery vehicle), or a
combination thereof. Individual components of the kit
may be packaged in separate containers. The kit may
further comprise a notice in the form prescribed by a
governmental agency regulating the manufacture, use or
sale of biological products, which notice reflects
approval by the agency of the manufacture, use or sale
for human or animal applications. To gain a better
understanding of the invention described herein, the
following examples are set forth. It should be
understood that these examples are for illustrative
purposes only. Therefore, they should not limit the
scope of this invention in any way. EXAMPLES EXAMPLE I
- NiColl/MPC IPNs Hvdrogels Materials. Nippon collagen
(swine skin); 0.625 M morpholinoethanesulfonic acid
[MES, containing Aalizarin Red S pH indicator (6.5
mg/100ml water)]; l-ethyl-3-(3-dimethyl aminopropyl)
carbodiimide HCl (EDC), N-hydroxy-succinimide(NHS).
MPC (2- methacryloyloxyethyl phosphorylcholine) was
purchased from Biocompatibles International PLC (UK).
NaOH solution (2N); PEG-diacrylate(Mw=575Da); and
ammonium persulfate (APS) and N,N,N',N'-tetramethyl
ethylene diamine (TEMED) were purchased from Sigma-
Aldrich. Preparation of NiColl/MPC IPNs Hydrogels.
Initially, 0.3 ml of 13.7 wt% Nippon collagen solution
and 0.1 ml of 0.625 M MES were mixed in two syringes
connected with a plastic Tee in an ice-water bath.
Subsequently, 12.9 mg of MPC (ratio of collagen to MPC
was 4:1 w/w) was dissolved in 0.25 ml of MES, of which
0.2 ml was injected into the above mixture via a 100
ml microsyringe. Next, 4.6 ml of PEG-diacrylate, in
weight ratio to MPC of 1:2, was injected using a 500
ml microsyringe. Unless otherwise stated, the ratio of
PEGdiacrylate to MPC is fixed at 1:2. Then the
solution was thoroughly mixed. Next, 25 ml of 2% APS
and TEMED solution (in MES) was injected via a 100 ml
microsyringe, followed by injection of 57 ml of
EDC/NHS solution (in MES) in a molar ratio to collagen
NH2 of 3:3:1. The ratio of EDC to collagen was also
kept constant for this study. NaOH (2N) was used to
adjust the pH to about 5. The homogenous mixture was
cast into a glass mold and incubated at room
temperature with 100% humidity for 16 hours. The
resulting molds were transferred to an incubator at
37C for 5 hours, for port-curing. IPNs, denoted as
NiColl/MPC IPNs hydrogels, with ratios of collagen to
MPC of 1:1, 2:1 and 3:1 were prepared in using this
same method. As used in the present example, the terms
NiColl/MPC IPN4-3, NiColl/MPC IPN3-3, NiColl/MPC
IPN2-3 and NiColl/MPC IPN1-3 denote IPN gels from
13.7% Nippon collagen with ratios of collagen:MPC of
4/1, 3/1, 2/1 and 1/1, respectively. Characterisation
Refraction Index (RI). RIs of the samples were
determined using a VEE GEE refractometer. Optical
Transmission . The optical transmission of samples was
measured at wavelengths of white, 450, 500, 550, 600
and 650 nm, using a custom-designed instrument.
Mechanical Properties . The stress, break strain and
moduli of samples was determined using an Instron
electromechanical tester (Model 3340). The size of
samples were 5 mm x 5mm x 0.5mm. Water Content . The
water contents of sample were calculated according to
the following equation: (W-Wo)/W% where Wo and W
denote weights of dried and swollen samples,
respectively. Results Refractive index Table 1 lists
the refraction index values of collagen
hydrogels.Table 1. RI of IPN samples NiColl/MPC
NiColl/MPC NiColl/MPC NiColl/MPC Sample IPN4-3 IPN3-3
IPN2-3 IPN1-3 Average R I 1.34480.0003 1.34720.0012
1.34640.0003 1.352510.0025 * denotes mean  S.D. 



Optical transmission Table 2 summarizes the results of
optical transmission. Table 2. Optical Transmission
Wavelength(nm) White 450 500 550 600 650 Average
Transmission (%) NiColl/MPC 3.9+3.1 3.516.4 87.812.8
3.014.8 89.813.5 90.712.8 IPN4-3 NiColl/MPC 91.810.2
76.112,1 80.911.5 85.611.3 3.411.0 89.910.8 EPN3-3
NiColl/MPC 91.811.0 77.612.7 85.914.3 90.112.7
91.210.9 91.2+0.3 IPN2-3 NiColl/MPC 65.613.1 28.311.3
39.512.1 48.0+2.6 54.913.0 59.913.3 IPN 1-3 NiColl/MPC
IPN 1-3 had become opaque. Mechanical properties Table
3 presents the mechanical properties of IPN samples.
NiColl/MPC IPN4-3 demonstrated a break stress as high
as 360 KPa. Table 3. Mechanical Properties NiColl/MPC
NiColl/MPC NiColl/MPC NiColl/MPC Samples IPN4-3 IPN3-3
IPN2-3 IPN1-3 Average Maximum 361.01122.3 262.2170.3
155.9146.8 213.0180.8 Stress(KPa) Average Break
361.01122.3 254.3+78.9 155.9146.8 213.0180.8
Stress(KPa) Average Break 22.80+2.68 17.4912.79
24.83+1.36 24.8014.06 Strain(%)x * 3.3380.883
2.5360.187 1.34410.491 1.5710.425 Modulus(MPa)
Equilibrated water content The equilibrated water
contents of collagen gels were also measured (Table 4)
Table 4. Equilibrated Water Contents NiColl/MPC
NiColl/MPC NiColl/MPC NiColl/MPC mp IPN4-3 IPN3-3
IPN2-3 IPN1-3 ( \ COntent 92.5510.78 90.2410.66
89.24+0.45 85.84+1.89 Biocompatibility Assays In vitro
biocompatibility assays indicated that the above
described IPN hydrogels promoted epithelia growth
well, and to a greater extent than controls (culture
plate). In vivo studies have demonstrated that
collagen/MCP containing IPN' s support nerve growth.
Figure 19 shows in vivo confocal images of typical
implants at six month post operative compared with a
set of typical untreated, contralateral, control
corneas. Both (EDC/NHS) crosslinked recombinant human
collagen and medical grade porcine collagen- MPC IPNs
show that the re-growth of nerves into the stroma and
sub-epithelial nerve network (arrows). This compares
the IPN (right hand column) with crosslinked
recombinant human collagen (centre column) and the
left hand column untreated control. These results show
that despite the significant synthetic component, the
IPN is just as effective as the collagen only (i.e.
completely natural polymer) in allowing nerve
regeneration. References 1. Schrader ME and Loeb GL
(Eds), Modern approaches to wettabilty: theory and
applications, Plenum Press, New York, pp 231-248
(1992). 2. Konno T, Hasuda H, Ishihara K, Ito Y.
Photo-immobilization of a phospholipid polymer for
surface modification. Biomaterials 2005, 26
:1381-1388. 3. Lewis AL, Crosslinkable coatings from
phosphorylcholine-based polymers. Biomaterials 



2001, 22: 99-111.EXAMPLE II - NiColl/MPC IPNs
Hydrogels This study was performed to demonstrate the
ability to alter the characteristics of IPNs prepared
as in Example I by increasing the concentration of
collagen solution from 13.7% to 20% at an EDC/Coll-NH
2 ratio of 1.5. Additionally, MES lacking a pH
indicator was used. Materials. Nippon collagen (swine
skin); 0.625 M morpholinoethanesulfonic acid [MES,
without pH indicator]; l-ethyl-3-(3-dimethyl
aminopropyl) carbodiimide HCl (EDC);
N-hydroxy-succinimide(NHS). MPC was purchased from
Biocompatibles Internationl PLC (UK). NaOH solution
(2N); PEG-diacrylate (Mw=575Da); ammonium
persulfate(APS); and N,N,N',N'-tetramethyl ethylene
diamine (TEMED) were provided by Aldrich. Preparation
of NiColl/MPC IPNs Hydrogels. Initially, 0.3 ml of
20.0 wt% Nippon collagen solution and 0.1 ml of MES
(0.625 M) were mixed in two syringes connected with a
plastic Tee in ice-water bath. Next, 12.9 mg of MPC
(ratio of collagen to MPC, 4/1 w/w) was dissolved in
0.25 ml of MES, of which 0.2 ml was injected into the
above mixture via a 100 ml microsyringe. Next, 4.6 ml
of PEGdiacrylate in weight ratio to MPC of 1:2 was
injected via a 500 ml microsyringe. The solution was
thoroughly mixed. Next, 25 ml of 2% APS and TEMED
solution (in MES) was injected via a 100 ml
microsyringe, followed by injection of 86 ml of
EDC/NHS solution (in MES) in molar ratio to CoIl-NH2
of 1.5:1.5:1. The homogenous mixture was cast into a
glass mold or plastic molds (thickness 500 mm) and
incubated at room temperature with 100% humidity for
16 hours. The molds were transferred to an incubator
at 37C for 5 hours, for post-curing. As used herein,
NiColl20/MPC IPN refers to IPNs made from 20% collagen
solution. Property Measurement Refractive Index(RI) .
RIs of the samples were determined on a VEE GEE
refractometer. Optical Transmission . Transmission of
hydrogel samples were measured at wavelengths of
white, 450, 500, 550, 600 and 650 nm on a
self-designed instrument.Mechanical Properties . The
tensile strength, elongation at break and elastic
modulus of hydrogel samples were determined on an
Instron electromechanical tester (Model 3340). The
size of samples was 5 mm x 5mm x 0.5mm. Water Content.
The water content of hydrogel (WA) was calculated
according to the following equation: (W-W 0)AV x 100%
where Wo and W denote weights of dried and swollen
samples, respectively. Results Refractive index The
IPN hydrogel from 20% solution was clear and uniform,
(as shown in Figure 1). The refractive index was
approximately 1.3519. Optical transmission Table 5
summarizes the results of optical transmission. Table
5. Optical properties Wavelength: White 450 500 550
600 650 Transmission (%) 87.92.2 81.12.2 83.1+2.2
83.22.2 84.9+2.2 86.6+2.2 Mechanical properties Table
2 lists the mechanical properties of gel. The tensile
strength and modulus of NiColl20/MPC IPN are improved
in comparison to those of the hydrogels prepared in
Example 1. Importantly, this gel is flexible but hard
(e.g., it cannot be broken using forceps). Table 6.
Mechanical properties Tensile strength (KPa)
Elongation at break(%) Elastic Modulus(MPa) 566.0243.9
49.086.73 20931157Equilibrated water content The
equilibrated water content was 88.97%. In vitro
biocompatibility assays indicated that the
NiColl20/MPC IPN hydrogel promoted epithelia growth
well, and to a greater extent than controls (culture
plate). EXAMPLE III - Novel Biosynthetic Materials for
Vision Enhancing Ophthalmic Devices The
tissue-engineered materials described in this example
are essentially robust implantable materials with
enhanced toughness and elasticity in comparison to
materials previously known. Although they are
collagen-based, they also incorporate biomimetic 



molecules such as chitosan that emulate natural
extracellular matrix molecules (ECM) found within the
human cornea while conferring significantly increased
tensile strength. In addition, a hybrid cross-linking
system was developed and used for stabilization of
collagen/chitosan scaffolds to further enhance
elasticity and toughness of the material. These
enhanced materials were tested for mechanical,
optical, and biological properties. Results suggest
that scaffolds are tough, elastic, and superior to
human eye bank corneas in optical clarity, and allow
regeneration of corneal cells and nerves in vitro.
Materials and Methods The base material comprised a
mixture of 10% (w/v) atelo-collagen type I and 3%
(w/v) chitosan. Freeze dried porcine collagen powder
that was obtained from Nippon Ham (Japan) was
dissolved in cold water (sterile dd H2O) and stirred
at 40C to give 10% (w/v) concentration. A 3% (w/v)
chitosan solution was also prepared by dissolving
chitosan powder (MW 40000 obtained from Fluka) in 0.2
N hydrochloric acid (HCl) and stirring at 4C. The two
solutions were then mixed in a syringe system at
predetermined ratios to make a homogeneous blend prior
to cross-linking. Various cross-linker agents (i.e.,
PEG dialdehyde and EDC/NHS) were used to develop
interpenetrating networks (IPNs) with distinctive
properties based on the type and concentration of
cross-linkers and biomimetic component (see Table
7).Preparation of collagen-based corneal implants
(IPN-I). Typically, 0.12 niL of 3% chitosan solution
was added to 0.6 mL of a 10% collagen solution
[chitosan:collagen at 0.5:1 molar ratio] in a Luer tip
glass syringe. The composition was then mixed with 0.4
ml MES buffer using a Tefzel Tee-piece. The mixture
was then mixed with EDC/NHS cross-linker agent [EDCNH
(in collagen/chitosan) at 3:1 molar equivalent ratio
and EDC:NHS at 1:1 molar equivalents ratio] in 0.35 ml
MES buffer at about 0C-4C without air bubble
entrapment. The compositions were completely mixed by
repeated pumping between the first and second syringes
through the Tee. Aliquots of each substantially
homogeneous solution were immediately dispensed into
500 micron implant molds and cured first at room
temperature for 16 hours, and then at 37C for 16
hours, in 100% humidity environments at both
temperatures. Each final implant sample was carefully
separated from its mold after immersion in phosphate
buffered saline (PBS) for 2 hours. Finally, the
cross-linked implant hydrogels were immersed in PBS
solution (0.5% in PBS, containing 1% chloroform) at
200C to terminate any reactive residues and to extract
out reaction byproducts. IPN-I (EP10-2): The
collagen/chitosan blend was cross-linked using
l-ethyl-3-(3- dimethylaminopropyl) carbodiimide (EDC)
and N-hydroxysuccinimide (NHS). The collagen/chitosan
blend, and the EDC/NHS cross-linker were mixed
together at an acidic pH of about 5 while preventing
surges in pH using 2-(N-Morpholino)ethanesulfunic acid
(MES) buffer. After sufficient mixing, portions of the
mixed composition were placed in a mold, and were
allowed to cure in the mold to form the network.
Preparation of collagen-based corneal implants
(IPN-II). 0.02 ml of 3% chitosan solution was added to
0.6 ml of a 10% collagen solution [chitosanxollagen at
0.1:1 molar ratio] in a Luer tip glass syringe. The
composition was then mixed with 0.4 ml MES buffer
using a Tefzel Tee-piece. The mixture was then mixed
with the hybrid cross-linker agent [PEG:NH2 at 0.25:1
molar equivalent ratio, EDCNH 2 at 4.5:1 molar
equivalent ratio and EDCNHS at 1:1 molar equivalents
ratio] in 0.35 ml MES buffer at about 0C-4C without
air bubble entrapment. The compositions were
completely mixed by repeated pumping between the first
and second syringes through the Tee.Aliquots of each
substantially homogeneous solution were immediately
dispensed into 500 microns implant molds and cured
first at room temperature for 16 hours, and then at
37C for 16 hours, in 100% humidity environments at
both temperatures. Each final implant sample was
carefully separated from its mold after immersion in
phosphate buffered saline (PBS) for 2 hours. Finally,
the cross-linked implant hydrogels were immersed in
PBS solution (0.5% in PBS, containing 1% chloroform)
at 20C to terminate any reactive residues and to
extract out reaction byproducts. IPN-II (EPlO-Il) :
The collagen/chitosan blend was cross-linked using a
hybrid cross-linking system comprised of
PEG-DiButylAldehyde (MW 4132 Da from Nektar Inc.) and
l-ethyl-3-(3- dimethylaminopropyl) carbodiimide (EDC)
and N-hydroxysuccinimide (NHS). The 



collagen/chitosan blend, and the PEG-EDC/NHS hybrid
cross-linker were mixed together at an acidic pH of
about 5 while preventing surges in pH using
2-(N-Morpholino)ethanesulfonic acid (MES) buffer.
After sufficient mixing, portions of the mixed
composition were placed in a mold, and were allowed to
cure in the mold to form IPN-II. Results The IPN
hydrogels prepared using hybrid cross-links have
sufficient mechanical or structural properties to
survive handling, implantation, which may include
suturing, and postinstallation wear and tear. As shown
in Figure 2, they are mechanically stronger than the
previously reported ophthalmic materials fabricated
from 10% collagen cross-linked by EDC/NHS (Control I
and Control II). For example, ultimate tensile
strength, and toughness have been significantly
enhanced when comparing IPN-I and IPN-II with
control-I and control-II, respectively. Generally, the
enhancement of tensile strength, especially when
induced by the increasing of cross-linking agent, is
associated with the decrease of ultimate elongation
(see the values for IPN-I compared to those for
Control-I in Figure 2). This is probably a
contribution from additional restraints to the
mobility of the polymer network. This behavior was not
observed for IPN-II hydrogel compared to Control-II
and IPN-I. All mechanical properties including
elasticity were enhanced for IPN-II hydrogel. This is
most likely due to the formation of IP networks when
chitosan and PEG are incorporated into the collagen
scaffold. PEG can produce long cross-links as opposed
to zero-length cross-links producedby EDC/NHS. This
allows collagen molecules to move more freely
resulting in more elastic scaffolds. As summarized in
Table 7 and depicted in Figure 3, the IPN hydrogels
are optically transparent. They provide a desired
optical clarity for visible light, optical
transmission and light scattering equal to or better
than those of healthy human cornea and rabbit cornea.
These two materials are also non-cytotoxic. They allow
regeneration of corneal epithelial cells as shown in
Figure 4 (a) and (b). Figure 5 demonstrates nerve
growth on IPN-II. The material seems to be
nerve-friendly and allows nerves to grow over and
likely through the hydrogel.OTTAWA:719933.1With
respect to EPlO-Il, it was found that the hydrogel's
permeability to albumin and glucose was 1.67 x 10 (exp
-7) and 2.8 x 10 (exp -6), respectively. The EPlO-Il
hydrogel was also studied to demonstrate
bio-compatibility/stability. Implants were placed
under the skin of rats for 30 days to determine
bio-compatibility and also stability. Some
infiltration of immune cells was observed in one of 3
samples but samples were still intact after 30 days,
showing stability. Experiments were conducted to
assess the growth of three bacterial species
(Staphylococcus aeureus, Streptococcus pneumonia and
Pseudomonas aeurogenosa). The cornea matrix produced
was a composite of the protein collagen and a
synthetic Nisopropylacrylamide- based polymer molded
to the same curvature and dimensions of a human
cornea, with the optical clarity of a natural cornea.
Each synthetic cornea was first sutured into a
postmortem human cornea rim in vitro and the tensile
strength and sutureability of the cornea was assessed.
Different relative percentages of water, collagen and
polymer were used to create 10 different cornea
constructs. Each construct is reproduced in three sets
of five and each set injected with 100 ml (0.ImL) of
each of the noted bacteria. After the injection, the
corneas are incubated at room temperature for 24-48
hours and growth of bacteria was assessed. Results:
Lower bacterial counts were observed in EPlO-Il based
cornea constructs than in human corneas from the eye
bank. Figure 7 is a photograph of EPlO-Il implanted
into the cornea of a Yucatan mini-pig by lamellar
keratoplasty (partial thickness graft). A 500 mm, 5 mm
diameter graft was placed into the cornea of a pig
(average thickness of a pig cornea is about 700-1000
mm). EXAMPLE IV - Collagen/PAA IPN Hydrogels
Materials. Nippon collagen(swine skin). 0.625 M
morpholinoethanesulfonic acid [MES, containing
Aalizarin Red S pH indicator (6.5 mg/100ml water)],
l-ethyl-3-(3-dimethyl aminopropyl) carbodiimide HCl
(EDC), N-hydroxy-succinimide(NHS). Acrylic acid (AA)
was purchased from Aldrich. PEG-diacrylate(Mw575),
ammonium persulfate(APS) and N,N,N',N'-tetramethyl
ethylene diamine (TEMED) were provided by Aldrich.
Preparation of Collagen/PAA IPNs Hydrogels. Firstly,
0.3 ml of 10.0 wt% Nippon collagen solution and 0.1 ml
of MES(0.625 M) were mixed in two syringes connected
with aplastic Tee in ice-water bath. Secondly, 30 ml
of AA(ratio of collagen to AA, 1/1 w/w) was injected
into the above mixture via a 100 ml microsyringe.
Thirdly, 5.0 ml of PEG-diacrylate 



in weight ratio to AA of 1:5 was injected via a 50 ml
microsyringe. Unless otherwise stated, the ratio of
PEG-diacrylate to AA was fixed at 1:5. Then the
solution was thoroughly mixed. Fourthly, 25 ml of 2%
APS and TEMED solution (in MES) was injected via a 100
ml microsyringe, followed by injection of 57 ml of
EDC/NHS solution(in MES) in molar ratio to collagen
NH2 of 6:6:1. The ratio of EDC to collagen was also
kept constant for this series. The homogenous mixture
was cast into a glass mold and left at room
temperature with 100% humidity for 16 h. Then the
molds were transferred into an incubator for
post-curing at 37 0C for 5 h. The resulting hydrogel
was robust and transparent. EXAMPLE V - Application of
Materials for Drug, Bioactive Factor Delivery Systems
to the Eye for the Cornea Bio-synthetic materials have
been developed that incorporate bioactive peptides or
growth factors. These materials are useful primarily
as corneal substitutes that have been shown to promote
regeneration of corneal cells and re-growth of severed
corneal nerves, in particular after incorporation of
bioactive YIGSR (laminin) peptide (Li et al. 2003,
2005). Materials can also be adapted for delivery of
growth factors (Klenker et al. 2005). The objective
was to develop materials that can be used for either
one of two different modes for therapeutic delivery of
bioactive factors to the cornea: 1) via implantable
delivery systems (e.g. veneers, onlays, inlays,
lamellar grafts); and 2) via therapeutic contact
lenses. Collagen corneal shields were developed in
1984 as corneal bandage lenses and are currently
marketed for ocular surface protection following
cataract and refractive surgery, penetrating
keratoplasty, and traumatic epithelial defects. They
are manufactured from porcine or bovine collagen and
three different collagen shields are currently
available with dissolution times of 12, 24, and 72
hours. The theoretical, experimental and clinical
evidence supports a role for collagen corneal shields
as a drug delivery device and in the promotion of
epithelial and stromal healing. However, drawbacks to
these devices include their relatively short lifespan.
The longest useable time for most is 72 hours. In
addition, these are opaque in nature and visually
occlusive. So such devices do not appear to have
gained widespread usage.Contact lens devices, in
addition to optical indications, have a wide range of
therapeutic applications in modern ophthalmology
practice, such as, for relief of pain, mechanical
protection and structural support, drug delivery and
so on. These fully synthetic hydrogel lens are not
composed of natural biomaterials and therefore are not
completely biocompatible. Complications associated
with synthetic bandage contact lenses range from mild
to severe. Examples include changes in corneal
physiology, which can lead to epithelial, stromal, and
endothelial compromise, lens deposition, allergic
conjunctivitis, giant papillary conjunctivitis,
peripheral infiltrates, microbial keratitis, and
neovascularization. A highly biocompatible, suitable
for extended wear therapeutic contact lens that may be
also able to load drugs is therefore highly desirable.
Suitable lenses can be made based on two main groups
of materials.  Chitosan-synthetic polymer IPN hydrogel
lens Chitosan, a primary component of the exoskeleton
of crustaceans, has recently received a great deal of
interest for medical and pharmaceutical applications.
It has been reported to promote wound-healing and also
has bacteriostatic effects. About 20 years ago,
chitosan was suggested as a good material for contact
lens manufacturing, but this has not met with success
because chitosan is not soluble in neutral water and
chitosan gel does not have a good mechanical strength.
As described herein, chitosan and chitosan derivatives
were used in the development of materials for use as
corneal substitutes for transplantation. These
materials have were found to have good mechanical
strength and elasticity for hydrogels. They were also
tested in vitro and subcutaneously in animals and are
currently undergoing testing in rodent and pig models
in LKP surgeries. Therapeutic Contact Lens Device
Development In accordance with one aspect of the
invention, a highly biocompatible bandage contact lens
for therapeutic use, has the following features: 1.
Promote wound-healing 2. Bacteriostatic 3. Able to
load various drugs, such as NGF-beta for neurotrophic
keratitis treatment. 



4. Extended wear to 2-3 weeks or even longer.5.
Transparent (>90% light transmission, <3% scatter) -
allows vision This was achieved using bio-synthetic
polymers that combine the biological properties of
chitosan with the mechanical properties of synthetic
hydrogels by forming interpenetrating networks. The
properties of these materials can be enhanced by
addition of collagen. Collagen refers to the
glycoprotein that is from extracted animal sources
(e.g. porcine ateocollagen, or recombinant human
collagen such as type I and type III collagen
available from Fibrogen). In addition, various
bioactive factors (e.g., peptides, growth factors or
drugs) can be incorporated using methods previously
developed. Manufacturing Method Water soluble chitosan
and partially carboxymethylated chitosan was used. A
synthetic monomer or crosslinker e.g., acrylic acid,
PEG-diacrylated, methacrylic acid and vinyl
pyrrolidone etc., is used.  Collagen-based
bio-synthetic lenses A range of collagen-synthetic
copolymeric IPNs having 88.9 % water content, a
refractive index of 1.35, and about 88 % light
transmission (for 500 mm thick samples; see Figure 6)
have now been developed. Mechanical properties
achieved for these hydrogels are as follows: Tensile
strength (KPa) Elongation at break(%) Elastic
Modulus(MPa) 566.0243.9 49.086.73 20931157 It is
possible to further improve the characteristics of
these hydrogels, for example by increasing the
refractive index, increasing light transmission, or by
improving mechanical strength. To improve mechanical
strength, higher concentration of components such as
collagen and the synthetic monomer can be used to form
the IPN or the hydrogel can be immersed into a
solution containing one or more monomers to form one
or more additional polymeric networks, so the strength
of the hydrogel should be enhanced. The materials have
been found to be biocompatible in vitro and in vivo as
subcutaneous implants; and can be implanted as corneal
substitutes and as a base material for incorporation
of bioactive factors.Using the materials described
herein, it is possible to manufacture contact lenses
that are biocompatitible and that promote
wound-healing and/or are bacteriostatic. Such contact
lenses can include various loaded drugs, bioactive
peptides and/or growth factors such as NGF for
neurotrophic keratitis treatment. Further, collagen
can be incorporated into this chitosan-synthetic lens
to enhance biocompatibility and drug loading. The
manufactured contact lenses can optionally be suitable
for extended wear to 2-3 weeks or longer. EXMAPLE VI -
ADHESIVES FOR ANTERIOR AND POSTERIOR COMPARTMENTS OF
THE EYE To repair penetrating corneal wounds, such as
corneal breaks, suturing has been a successful method.
However, suturing has some disadvantages, such as
prolonged surgical time and the requirement of
surgical skills. Suturing may also cause significant
topographic distortion and high levels of
astigmatisms. Loose sutures may harbor bacteria and
cause inflammation and tissue necrosis. Additionally,
sutures can cause significant discomfort. In addition,
non-biodegradable sutures need to remove, which
extends patient's follow up. Adhesives that have also
found similar application in the various types of
tissue adhesives can be subdivided into synthetic
adhesives (e.g. cyanoacrylate derivatives) and
biologic adhesives (e.g. fibrin-based adhesives).
Cyanoacrylate derivatives are compounds with very high
tensile strength that rapidly polymerize on contact
with basic substances such as water or blood to form a
strong bond. Because they are synthetic and
non-biodegradable, they are usually used on an
external surface and may induce an inflammatory
foreign body reaction, including neovascularization
and tissue necrosis. In ophthalmology, cyanoacrylate
derivatives have mainly been used in the management of
corneal perforations and severe thinning, although
they have been tried in various other ophthalmic
surgeries. Fibrin-based adhesives, by contrast, have a
lower tensile strength and slower polymerization,
however, being biologic and biodegradable, they may be
used under a superficial covering layer (e.g.,
conjunctiva, amniotic membrane) and induce minimal
inflammation. These adhesives have been used in
ophthalmology to treat corneal thinning and
perforations, ocular surface disorders, and glaucoma.
More recently, fibrin-based adhesives have been used
to perform sutureless lamellar keratoplasty and to
attach amniotic membrane to bare sclera.
Unfortunately, because fibrin glues use human
thrombin, this blood product still carries a risk of
infection and viral transmission from a contaminated
donor pool.In addition, the preparation and
application of fibrin-based glues is significantly
more 



complex than that of cyanoacrylate glues. Natural
biopolymers or their derivatives can be used to
fabricate biocompatible, biodegradable, high tensile
strength, non-toxic and safe tissue adhesives. A
two-component glue in which the gelling speed can be
adjusted by modifications of pendant groups can be
used. Drugs, bioactive peptides and growth factors can
also be incorporated into the gelling system for
sustained release. In addition, because gelling rates
can be controlled as well as viscosity, this system
can also be used for delivery of stem and progenitor
cells. The tissue adhesive has two components 1)
oxidized chondroitin sulfate and 2) and water soluble
chitosan. Upon mixing, these two components will form
a glue or gel via reactions between the aldehyde
groups on chondroitin sulfate and the amine groups on
chitosan. The gelling speed can be adjusted by tuning
the oxidization degree of the adjacent hydroxyl groups
of chondroitin sulfate. Drugs, growth factors (e.g.
NGF-beta) and bioactive peptides (e.g. combinations of
laminin, fibronectin, syngistic substance P and
IGF-like peptides) can also be incorporated into the
gelling system for sustained release. The chondroitin
sulphate -based material can be used to deliver
endothelial progenitor cells (EPCs) into a muscle test
system and obtained incorporation of labelled EPCs
(labelled green in following figure) into blood
vessels via angiogenesis, as seen in Figure 8. Figure
8 is depicts a chondroitin sulphate-based material to
deliver endothelial progenitor cells (EPCs) into a
muscle test system and obtaining incorporation of
labeled EPCs (labeled green in following figure) into
blood vessels via angiogenesis, (A) Injection site
(arrow) of EPCs (green labeled) in skeletal muscle
from rat ischemic hindlimb, (B) Magnified image of
EPCs (arrows) migrating from injected matrix into the
tissue, (C) EPCs were observed within blood vessel
structures (arrows). References Klenkler B.J.,
Griffith M., Becerril C , West-Mays J., Sheardown H.
(2005) EGF-grafted PDMS surfaces in artificial cornea
applications. Biomaterials 26: 7286-7296. Li, F.,
Carlsson, DJ. , Lohmann, C.P., Suuronen, EJ. ,
Vascotto, S., Kobuch, K., Sheardown, H., Munger, M.
and Griffith, M. (2003) Cellular and nerve
regeneration within a biosynthetic extracellular
matrix: corneal implantation. Proc. Natl. Acad. Sci.
USA 100: 15346-15351.Li, F., Griffith, M., Li, Z.,
Tanodekaew, S., Sheardown, H., Hakim, M. and Carlsson,
D.J. (2005) Recruitment of multiple cell lines by
collagen-synthetic copolymer matrices in corneal
regeneration. Biomaterials 26:3039-104. EXAMPLE VII
Recombinant Human Type III Collagen-MPC IPN with 12.1%
w/w collagen Firstly, 0.3 ml of 12.1 wt% Type III
collagen solution and 0.1 ml of MES(0.625 M) were
mixed in two syringes connected with a plastic Tee in
ice-water bath. Secondly, 50 mg of MPC (ratio of
collagen to MPC, 1/1 w/w) was dissolved in 0.138 ml of
MES, of which 0.1 ml was injected into the above
mixture via a 100 ml microsyringe. Thirdly, 16 ml of
PEGdiacrylate (Mn=575) in weight ratio to MPC of 1:2
was injected via a 100 ml microsyringe. Then the
solution was thoroughly mixed. Fourthly, 25 ml of 2%
APS and TEMED solution(in MES) was injected via a 100
ml microsyringe, followed by injection of 57 ml of
EDC/NHS solution(in MES) in molar ratio to CoIl-NH2 of
3:3:1. The homogenous mixture was cast into a glass
mold or plastic molds (thickness 500 mm) and left at
room temperature with 100% humidity for 16 h. Then the
molds were transferred into an incubator for
post-curing at 37 C for 5 h. The resultant hydrogel
was robust and optically clear, whereas Nippon
collagen/MPC collagen prepared in the same condition
was opaque. The merit of rhc Type III is its ability
to remain transparent in wide range of pH and
crosslinker content. EXAMPLE VIII -COLLAGEN O R
COLLAGEN HYDROGEL As in Example III, the ophthalmic
materials described in this section are essentially
robust implantable materials with enhanced toughness
and elasticity in comparison to materials previously
known. Although they are collagen-based, they also
incorporate biomimetic molecules such as chitosan that
emulate natural extracellular matrix molecules (ECM)
found within the human cornea while conferring
significantly increased tensile strength. In addition,
a cross-linking system was developed and used for
stabilization of collagen and collagen/chitosan
scaffolds to further enhance elasticity and toughness
of the material. These enhanced materials were tested
for mechanical, optical, and biological 



properties. Results suggest that scaffolds are tough,
elastic, and superior to human eye bank corneas in
optical clarity, and allowed regeneration of corneal
cells and nerves in vitro. Materials and general
methodsThe base material comprised a mixture of 10%
(w/v) atelo-collagen type I and 3% (w/v) chitosan.
Freeze dried porcine collagen powder that was obtained
from Nippon Ham (Japan) was dissolved in cold water
(sterile dd H2O) and stirred at 4C to give 10% (w/v)
concentration. A 3% (w/v) chitosan solution was also
prepared by dissolving chitosan powder (MW 400000
obtained from Fluka) in 0.2 N hydrochloric acid (HCl)
and stirring at 4C. The two solutions were then mixed
in a syringe system at predetermined ratios to make a
homogeneous blend prior to cross-linking. Various
cross-linker agents such as PEGdibutylaldehyde (MW
3400 Da from Nektar Inc.) and
l-ethyl-3-(3-dimethylaminopropyl) carbodiimide (EDC)
and N-hydroxysuccinimide (NHS) were used to develop
interpenetrating networks with distinctive properties
based on the type and concentration of cross-linkers
and biomimetic component (see Table 8). EXAMPLE IX -
Fabrication of collagen hydrogel crosslinked by
EDC/NHS and PEGdibutvaldehvde( HPN-3) 0.6 mL of a 10%
collagen solution in a Luer tip glass syringe was
mixed with 0.4 ml MES buffer using a Tefzel Tee-piece.
The collagen blend was cross-linked using a
crosslinking system comprised of PEG-dibutylaldehyde
and EDC/NHS [PEG:NH2 at 0.36:1 molar equivalent ratio,
EDCiNH2 at 5.4:1 molar equivalent ratio and EDCNHS at
1:1 molar equivalents ratio] in 0.35 ml MES buffer at
about 0C-4C without air bubble entrapment. The pH of 5
was maintained during the cross-linking reaction using
MES buffer. The compositions were completely mixed by
repeated pumping between the first and second syringes
through the Tee. Aliquots of each substantially
homogeneous solution were immediately dispensed into
500 micron implant molds and cured first at room
temperature for 16 hours, and then at 370C for 16
hours, in 100% humidity environments at both
temperatures to form HPN-3. Each final implant sample
was carefully separated from its mold after immersion
in phosphate buffered saline (PBS) for 2 hours.
Finally, the cross-linked implant hydrogels were
immersed in PBS solution (0.5% in PBS, containing 1%
chloroform) at 20C to terminate any reactive residues
and to extract out reaction byproducts. EXAMPLE X -
Fabrication of collagen-chitosan hvdrogel crosslinked
with EDC/NHS and PEG-dibutyaldehvde (HPN-4) 0.036 mL
of 3% chitosan solution was added to 0.6 mL of a 15%
collagen solution [chitosan:collagen at 0.01:1 molar
ratio] in a Luer tip glass syringe. The composition
wasthen mixed with 0.4 ml MES buffer using a Tefzel
Tee-piece. The collagen/chitosan blend was
cross-linked using a hybrid cross-linking system
comprised of PEG-dibutylaldehyde and EDC/NHS [PEGiNH2
at 0.3:1 molar equivalent ratio, EDCNH 2 at 4.5:1
molar equivalent ratio and EDCNHS at 1:1 molar
equivalents ratio] in 0.35 ml MES buffer at about
0C-4C without air bubble entrapment. The pH of 5 was
maintained during the cross-linking reaction using MES
buffer. The compositions were completely mixed by
repeated pumping between the first and second syringes
through the Tee. Aliquots of each substantially
homogeneous solution were immediately dispensed into
500 micron implant molds and cured first at room
temperature for 16 hours, and then at 370C for 16
hours, in 100% humidity environments at both
temperatures to form HPN-4. Each final implant sample
was carefully separated from its mold after immersion
in phosphate buffered saline (PBS) for 2 hours.
Finally, the cross-linked implant hydrogels were
immersed in PBS solution (0.5% in PBS, containing 1%
chloroform) at 2O0C to terminate any reactive residues
and to extract out reaction byproducts. EXAMPLE XI:
Fabrication of collagen hvdrogel crosslinked by
EDC/NHS and PEGdibutvaldehvde (HPN-5) 0.6 mL of a 15%
collagen solution in a Luer tip glass syringe was
mixed with 0.4 ml MES buffer using a Tefzel Tee-piece.
The collagen blend was cross-linked using a hybrid
cross-linking system comprised of PEG-dibutylaldehyde
and EDC/NHS [PEG:NH2 at 0.36:1 molar equivalent ratio,
EDQNH 2 at 5.4:1 molar equivalent ratio and EDC:NHS at
1:1 molar equivalents ratio] in 0.35 ml MES buffer at
about 0C-4C without air bubble entrapment. The pH of 5
was maintained during the cross-linking reaction using
MES buffer. The compositions were completely mixed by
repeated pumping between the first and second syringes
through the Tee. 



Aliquots of each substantially homogeneous solution
were immediately dispensed into 500 micron implant
molds and cured first at room temperature for 16
hours, and then at 37C for 16 hours, in 100% humidity
environments at both temperatures to form HPN-5. Each
final implant sample was carefully separated from its
mold after immersion in phosphate buffered saline
(PBS) for 2 hours. Finally, the cross-linked implant
hydrogels were immersed in PBS solution (0.5% in PBS,
containing 1% chloroform) at 20C to terminate any
reactive residues and to extract out reaction
byproducts.EXAMPLE XII: Fabrication of collagen
hydrogel crosslinked by PEG-dibutyaidehyde (HPN-6) 0.6
mL of a 20% collagen solution in a Luer tip glass
syringe was mixed with 0.4 ml MES buffer using a
Tefzel Tee-piece. The collagen blend was cross-linked
using PEGdibutylaldehyde [PEG:NH2 at 1:1 molar
equivalent ratio] in 0.35 ml MES buffer at about 0C-4C
without air bubble entrapment. The pH of 5 was
maintained during the cross-linking reaction using MES
buffer. The compositions were completely mixed by
repeated pumping between the first and second syringes
through the Tee. Aliquots of each substantially
homogeneous solution were immediately dispensed into
500 micron implant molds and cured first at room
temperature for 16 hours, and then at 370C for 16
hours, in 100% humidity environments at both
temperatures to form HPN-6. Each final implant sample
was carefully separated from its mold after immersion
in phosphate buffered saline (PBS) for 2 hours.
Finally, the cross-linked implant hydrogels were
immersed in PBS solution (0.5% in PBS, containing 1%
chloroform) at 2O0C to terminate any reactive residues
and to extract out reaction byproducts. EXAMPLE XIII:
Fabrication of collagen hydrogel crosslinked by
PEG-dibutyaldehyde (HPN-7) Typically, 0.6 mL of a 20%
collagen solution in a Luer tip glass syringe was
mixed with 0.4 ml MES buffer using a Tefzel Tee-piece.
The collagen blend was cross-linked using
PEG-dibutylaldehyde [PEG:NH2 at 2:1 molar equivalent
ratio] in 0.35 ml MES buffer at about 0C-4C without
air bubble entrapment. The pH of 5 was maintained
during the crosslinking reaction using MES buffer. The
compositions were completely mixed by repeated pumping
between the first and second syringes through the Tee.
Aliquots of each substantially homogeneous solution
were immediately dispensed into 500 micron implant
molds and cured first at room temperature for 16
hours, and then at 370C for 16 hours, in 100% humidity
environments at both temperatures to form HPN-7. Each
final implant sample was carefully separated from its
mold after immersion in phosphate buffered saline
(PBS) for 2 hours. Finally, the cross-linked implant
hydrogels were immersed in PBS solution (0.5% in PBS,
containing 1% chloroform) at 200C to terminate any
reactive residues and to extract out reaction
byproduct.Table 8. Composition and performance of HPN
materials and their controls EXAMPLE XIV: Collagen
matrix fabricated from recombinant human Type I
collagen and EDC/NHS An aliquot of recombinant human
collagen type I solution (12.7% w/w) was loaded into a
syringe mixing system free of air bubbles Calculated
volumes of EDC, and NHS (both at 10% w/v,
EDC:Collagen-NH2 ratio=0.4:l; EDCNHS ratio=l:l) were
added through the septum from a second syringe and
again thoroughly mixed at 00C. The final solution was
immediately dispensed onto a glass plate to form a
flat film. The flat film was cured at 100% humidity
(at 2 1 C for 24 h and then at 37 0C for 24 h). The
films were washed 3 times with fresh PBS and then
stored in PBS containing 1 % chloroform to maintain
sterility. The gel with other ratios of EDC/Coll-NH2
were prepared in the same fashion.Table 9 Mechanical
properties of type I recombinant collagen hydrogel
EDC/C0II-NH2 0.3 0.4 0.5 0.6 0.7 Std. Std. Std. Std.
Std. Avg. Dev. Avg. Dev. Avg. Dev. Avg. Dev. Avg. Dev.
Max Load, kN 0.0018 0.0004 0.003 0.0001 0.0025 0.0008
0.0024 0.0005 0.0028 0.0004 Max Stress, Mpa 0.7346
0.1436 1. 19 0.057 9.849 0.3081 0.9681 0.1 839 1. 125
0.1 771 Modulus, Mpa 9.703 1.81 2 15.1 7 1.84 15.45
2.83 12.93 0.34 12.21 1.23 Break strain% 18.67 0.86
18.89 2.69 15.41 1.2 13.56 1.71 15.1 7 1.73 Break
Strain 0.7496 0.1 612 1. 19 0.057 0.9849 0.3081 0.9681
0.1 839 1. 125 0.1771 



Toughness 0.037 0.0079 0.061 8 0.01 33 0.0397 0.014
0.455 0.01 32 0.0609 0.01 76 EXAMPLE XV: Collagen
matrix fabricated from recombinant human Type III
collagen and EDC/NHS An aliquot of recombinant human
collagen type III solution (12.7% w/w) was loaded into
a syringe mixing system free of air bubbles Calculated
volumes of EDC, and NHS (both at 10% wt/vol,
EDC:Collagen-NH2 ratio =0.4:1; EDCrNHS ratio =1:1)
were added through the septum from a second syringe
and again thoroughly mixed at 00C. The final solution
was immediately dispensed onto a glass plate to form a
flat film. The flat film was cured at 100% humidity
(at 2 1 0C for 24 h and then at 37 0C for 24 h). The
films were washed 3 times with fresh PBS and then
stored in PBS containing 1 % chloroform to maintain
sterility. The gel with other ratios of EDC/C0II-NH2
were prepared in the same fashion. Table 10 Mechanical
properties of type III collagen gelsEXAMPLE XVI:
Cornea matrix fabricated from recombinant human type I
and type III dual collagen and El)CVNHS An aliquot of
recombinant human collagen type I solution (12.7% w/w)
was loaded into a syringe mixing system free of air
bubbles and weighed. An aliquot of recombinant human
collagen type III solution (12.7% w/w) of equal weight
was loaded into the same syringe mixing system to give
a 50/50 wt/wt % solution of collagen type I and type
III solution in the syringe mixing system. Calculated
volumes of EDC, and NHS (both at 10% (w/v), EDC-.NH2
ratio =0.4:1; EDCNHS ratio =1:1) were added through
the septum from a second syringe and again thoroughly
mixed at 00C. The final solution was immediately
dispensed onto a glass plate to form a flat film. The
flat film was cured at 100% humidity (at 2 1 C for 24
h and then at 37 C for 24 h). The films were washed 3
times with fresh PBS and then stored in PBS containing
1 % chloroform to maintain sterility. The water
content of the final gel was 93.3%. Table 11
Mechanical properties of type I-III gel at 1:1 w/w
ratio Table 12 Collagen matrix denature temperature
results by DSC Table 13 Water content of final
collagen matrixEXAMPLE XVII; Collagen-synthetic
interpenetrating polymeric networks Materials Nippon
collagen (swine skin); 0.625 M
morpholinoethanesulfonic acid [MES, containing
Aalizarin Red S pH indicator (6.5 mg/100ml water)];
l-ethyl-3-(3-dimethyl aminopropyl) carbodiimide HCl
(EDC), N-hydroxy-succinimide(NHS). NaOH solution (2N);
PEG-diacrylate(Mw575); and ammonium persulfate (APS)
and N,N,N',N'-tetramethyl ethylene diamine (TEMED)
were purchased from Sigma-Aldrich.
N,N-dimethylacrylamide (99%) was purchased from
Sigma-Aldrich. Inhibitor was removed by using an
inhibitor remover purchased form Sigma-Aldrich.
Preparation of Coil-DMA IPNs Hvdrogels. Firstly, 0.3
ml of 13.7 wt% Nippon collagen solution and 0.3 ml of
MES (0.625 M) were mixed in two syringes connected
with a plastic Tee in ice-water bath. Secondly, 14.2
ml of DMA (ratio of collagen to DMA, 3/1 w/w) was
injected into the above mixture via a 50 ml
microsyringe. Thirdly, 6.14 ml of PEG-diacrylate
(Mn=575) in weight ratio to DMA of 1:2 was injected
via a 100 ml microsyringe. Unless otherwise stated,
the ratio of PEG-diacrylate to DMA is fixed at 1:2.
Then the solution was thoroughly mixed. Fourthly, 1 %
APS and 1 % TEMED solution (in 25 ul MES) relative to
DMA was injected via a 100 ml microsyringe, followed
by injection of 57 ml of EDC/NHS solution(in MES) in
molar ratio of EDC:NHS:Coll-NH 2 =3:3:1. The ratio of
EDC to collagen was also kept constant for this
series. The homogenous mixture was cast into a glass
mold and left at room temperature with 100% humidity
for 16 h. Then the molds were transferred into an
incubator for post-curing at 37 C for 5 h. Coil-DMA
IPNs hydrogels with ratios of collagen to DMA, 1:1,
2:1 and 4:1 were prepared in the same method.
Properties of hvdroge lsFigure 12, Figure 13 and
Figure 14 show the tensile, strain and modulus results
of all gels from DMA: collagen =1:1, 1:2, 1:3 and 1:4
(w/w). Figure 15 shows the white light transmission
results of Collagen-DMA hydrogels. For all ratios,
except 1:1 gel, the white light transmission is over
90%, comparable or superior to that of human cornea.
Collagen-DMA hydrogels are very biocompatible and
supporting epithelium over growth (see Figure 16). The
epithelium cells became confluent in 3 days of
culture. 



EXAMPLE XVIII: Qpthalmic Devices Containing Bio-Active
A2ents Hydrogel materials incorporating bioactive
agents such as anti-bacterial, anti-viral agents or
growth factors such as neutrophic factors, constitute
advanced devices that may be useful for, for example,
cornea transplantation or as a therapeutic lens for
drug delivery or wound healing. Examples of
antibacterial peptides to be incorporated into an IPN
hydrogel include, but are not limited to: peptide #1:
Acid-CGSGSGGGZZQOZGOOZOOZGOOZGY-NH 2 Peptide #2:
Acid-GZZQOZGOOZOOZGOOZGYGGSGSGC-NHz These peptides
contain the basic peptide sequences reported by
Giangaspero et al (Giangaspero, A., Sandri, L., and
Tossi, A. , Amphipathic alpha helical antimicrobial
peptides. A systematic study of the effects of
structural and physical properties on biological
activity. r. J. Biochem. 268, 5589-5600, 2001).
Alternatively, or in addition to, defensins can be
incorporated into corneal matrix. Methods of
Incorporation of bioactive agents into cornea matrix:
The following methods may be used:1. Absorption and
release Add IPN hydrogel material into bioactive
agent-saturated solution to allow bioactive agents to
permeate into cornea matrix. Once the equilibrium is
established, the cornea matrix may be used as ocular
bandage lens or implant. 2. Chemically grafting
into/onto matrix This procedure is similar to
procedure 1 above, but one (or more than one) chemical
is used to facilitate the chemical bonding of peptides
into/onto IPN hydrogel material. The bioactive
peptide-loaded cornea matrix is good for both implant
and for bandage lens for drug delivery. 3. Incorporate
bioactive agents into nano- or microspheres and
incorporate the nano or microspheres into matrix. This
procedure generates an DPN hydrogel matrix with
extended release of bioactive agents. The resulting
matrix is good for both implant and for bandage lens
for drug delivery. Fig. 17 is a scanning electron
microscopy (SEM) image of alginate microspheres which
are fabricated for encapsulating bioactive agents.
After loading bioactive agents, these microspheres are
incorporated into matrix for extended drug release.
Procedure for making alginate microspheres Alginate
spheres are prepared according to the literature (CC.
Ribeiro, CC. Barrias, M.A. Barbosa Calcium
phosphate-alginate microspheres as enzyme delivery
matrices, Biomaterials 25 4363-4373, 2004). EXAMPLE
XIX: In vitro biodegradation of collagen-MPC IPN
hvdrogels Procedures: 50-80 mg of hydrated hydrogels
were placed in vials containing 5 ml 0.1 M PBS (pH
7.4), followed by addition of 60 ul of lmg/mL of
collagenase (Clostridium histolyticum, EC 3.4.24.3,
SigmaChemical Co.). Then the vials were incubated in
an oven at 37  C, and at different time intervals, the
gels were taken out for weighing with surface water
wiping off. Time course of residual mass of hydrogels
was tracked based on the initial swollen weight. Three
specimens were tested for each hydrogel sample. The
percent residual mass of hydrogels was calculated in
terms of the following equation: Residual mass % =
Wt/Wowhere W0 is the initial weight of the hydrogel
and Wt is the weight of the hydrogel at each time
point. Results and discussion Time course of in vitro
biodegradation of collagen and IPN hydrogels As shown
in Figure 18, porcine collagen hydrogel cross-linked
with EDC/NHS degraded very fast. After 3h, it was
degraded completely. Incorporating MPC and PEG slowed
down the degradation rate with IPN-4-1 and IPN-3-1
complete degradation after 10 h and 15 h,
respectively. Upon further increasing MPC contents in
hydrogels, that is for IPN-2- 1 and IPN- 1-1, the
degradation was significantly suppressed. Within 48 h,
the residual mass of IPN-2-1 remained around 79%,
whereas IPN-1-1 lost only 6% mass. After 48h, their
residual mass was further tracked for 7 day. It was
found that both IPN-2-1 and IPN-1-1 hydrogels remained
constant in their residual mass. Thus IPN networks is
effective in enhancing the biostabilty of collagen
hydrogel. 



EXAMPLE XX: Properties of type III colla2en-MPC IPN
hydrogel and In vitro biodegradation Preparation of
type III recombinant human collagen (rhc)-MPC IPN
hydrogel Firstly, 0.3 ml of 13.7 wt% rhc III solution
and 0.1 ml of MES(0.625 M) were mixed in two syringes
connected with a plastic Tee in ice-water bath.
Secondly, 250 ul of MPC solution (in MES,
MPC/collagen=2/l, w/w) was injected into the above
mixture via a 500 ml microsyringe. Thirdly, 9.3 ml of
PEG-diacrylate in weight ratio to MPC of 1:2 was
injected via a 100 ml microsyringe. Then the solution
was thoroughly mixed. Fourthly, 25 ml of 2% APS and
TEMED solution(in MES) was injected via a 100 ml
microsyringe, followed by injection of 19 ml of
EDC/NHS solution(in MES) in molar ratio to collagen
NH2 of 1:1:1. The homogenous mixture was cast into
glass molds and left at room temperature with 100%
humidity under N2 for 24 h. Then the molds were
transferred into an incubator for postcuring at 37 C
for 24 h. The product was coded as
Coll-III-MPC-IPN2-l-l. Other rhc III/MPC IPNs with the
same condition except for EDC/NHS/Coll- NH2=3/3/l were
prepared. The codes Coll-III-MPC-IPN4-l-3,
Coll-III-MPC-IPN3-l-3, oll- III-MPC-IPN2-1-3,
Coll-III-MPC-IPNl-1-3 denote IPNs from rhc III/MPC =
4/1, 3/1, 2/1 and 1/1 (w/w), respectively.Mechanical
and optical properties Tables 14 and 15 show the
mechanical and optical properties of type III
collagen- MPC EPN hydrogels. Table 14. Mechanical
Properties Table 15. Optical Transmission
Wavelength(nm) White 450 500 550 600 650 Average
Transmission (%) Coll-III-MPC 98.31.2 91.43.6 93.82.4
97.51 .5 98.62.9 99.111.7 -IPN2-1-1 In vitro
Biodegradation: The in vitro biodegradation procedures
for collagen type III-MPC IPN hydrogel is the same as
for the porcine collagen-MPC IPN hydrogels. Only
CoIl-III-MPC-EPN2-1-1 was tested for in vitro
biodegradation. The gel was stable in collagenase
solution (12 mg/mL) for at least 20 days. EXAMPLE XXI:
Algiante grafted macromolecules. In this example, we
have developed a two-stage plasma-assisted surface
modification technique to covalently graft alginate
macromolecules to the posterior surface of
collagenbased artificial cornea matrices to prevent
endothelial cell attachment and proliferation. Freeze
dried porcine type I collagen powder was obtained from
Nippon Ham (Japan) and was dissolved readily in cold
water (sterile d H2O) and stirred at 4C to give 10%
(w/w) concentration. l-ethyl-3-(3-dimethylaminopropyl)
carbodiimide (EDC) and Nhydroxysuccinimide (NHS) were
purchased from Sigma-Aldrich. The 3% chitosan solution
was prepared by dissolving chitosan powder (MW
40,000Da obtained from Fluka) in 0.2 N hydrochloric
acid (HCl) and stirring at 4C The 10% collagen
solution, 3% (w/w) chitosan solution, and the EDC/NHS
crosslinker were mixed together in a syringe system at
predetermined ratios to make a homogeneous blend as
shown in Table 1. Table 1 Chemical composition of
corneal hydrogels. Cross- Initial collagen
Chitosan:CoUagen Cross-linker to linker concentration
molar ratio Collagen-NH2 (wt/v) % molar equivalent
ratio EDC; NHS; NH2 * EDC/NHS 10 1 3 1 The results
obtained from endothelial cell growth test showed that
alginate surface grafting deterred endothelial cells
migration and adhesion to the corneal hydrogels'
posterior surfaces. Figure 20 shows number of
endothelial cells attached to the posterior surfaces
of corneal materials on day five post-seeding as a
function of substrate material, plasma power, and
alginate solution concentration. General inhibition of
endothelial cell growth was observed for all
alginate-grafted surfaces, when compared to control
surfaces. Control unmodified surfaces are denoted by
RF power and alginate concentration of zero in all
figures and tables. 



As depicted in Figure 20, an interval plot that shows
the variation of group means by plotting confidence
intervals, the surfaces treated at a plasma power of
100 W and alginate concentration of 5% appeared to
effectively inhibit endothelial cell growth by 99%,
while the ones treated at a plasma power of 40 W and
alginate concentration of 5% appeared to deter
endothelial cell growth by about 89%. All
publications, patents and patent applications
mentioned in this Specification are indicative of the
level of skill of those skilled in the art to which
this invention pertains and are herein incorporated by
reference to the same extent as if each individual
publication, patent, or patent applications was
specifically and individually indicated to be
incorporated by reference.The invention being thus
described, it will be obvious that the same may be
varied in many ways. Such variations are not to be
regarded as a departure from the spirit and scope of
the invention, and all such modifications as would be
obvious to one skilled in the art are intended to be
included within the scope of the following claims.THE
EMBODIMENTS OF THE INVENTION IN WHICH AN EXCLUSIVE
PROPERTY OR PRIVILEGE IS CLAIMED ARE DEFINED AS
FOLLOWS: 1. A hydrogel material comprising an
interpenetrating network of two or more polymer
networks, wherein at least one of the polymer networks
is based on a biopolymer. 2. The hydrogel material
according to claim 1, wherein the biopolymer is,
denatured gelatin, fibrin-fibrinogen, elastin,
glycoprotein, polysaccharide, glycosaminoglycan,
proteoglycan, or oxidized polysaccharide or any
combination thereof. 3. The hydrogel material
according to claim 2, wherein the collagen is Type I
collagen, Type II collagen, Type III collagen, Type IV
collagen, Type collagen V, Type VI collagen, denatured
collagen or recombinant collagen. 4. The hydrogel
material according to claim 2, wherein the
polysaccharide is alginate, chitosan, N-carboxymethyl
chitosan, O-carboxymethyl chitosan, N,O-carboxymethyl
chitosan, hyaluronic acid or chondroitin sulphates. 5.
The hydrogel material according to claim 2, wherein
the oxidized polysaccharide is oxidized chondroitin
sulphate, oxidized alginate or oxidized hyaluronic
acid. 6. The hydrogel material according to claim 1,
wherein at least one of the polymer networks is based
on a synthetic polymer. 7. The hydrogel according to
claim 6, wherein the synthetic polymer is alkyl
acrylamide, water soluble polyethylene glycol
diacrylate, acrylic acid and its derivatives, alkyl
acylate, methylacrylic acid and its derrivatives,
alkyl methacrylate, 2-hydroxyethyl methacrylate,
2-methacryloyloxyethyl phosphorylcholine, vinyl
pyrrolidone or glycomonomer. 8. The hydrogel material
according to any one of claims 1 to 7, wherein the
material is characterized by at least one of low
cytotoxicity, no cytotoxicity, an ability to
facilitate cell and/or nerve growth, moldability, an
ability to withstand handling, implantation, suturing
and/or post-installation wear and tear. 9. The
hydrogel material according to anyone of claims 1 to 8
additionally comprising a bioactive agent or a
drug.10. The hydrogel material according to anyone of
claims 1 to 8, for use as an ophthalmic onlay or
implant. 11. The hydrogel material according to anyone
of claims 1 - 8 for use in drug delivery. 12. A method
of producing a hydrogel material according to anyone
of claims 1 - 10, the method comprising, combining a
first polymer network with a second polymer network,
wherein at least one of the first polymer network and
the second polymer network is based on a biopolymer
and maintains the resultant reaction mixture under
conditions suitable for formation of an
interpenetrating network. 13. The method according to
claim 10, wherein said first and second polymer
networks are combined with at least one cross-linking
agent. 14. The method according to claim 12 or 13,
wherein the reaction mixture is maintained at an
acidic pH. 15. The method according to anyone of
claims 12 to 14, wherein the reaction mixture is
placed in a mold an allowed to cure. 16. A device
comprising the hydrogel material according to anyone
of claims 1 - 11, which device is suitable for
administration to a mammal. 17. The device according
to claims 16, which is an ophthalmic device. 18. The
device according to claim 16 or 17, wherein said
device comprises a bioactive 



agent or a drug for delivery to said mammal. 19. The
device according to claim 18, wherein said bioactive
agent or drug is dispersed within the hydrogel. 20.
The device according to claim 18, wherein the drug is
contained within nano- or microspheres dispersed
within the hydrogel material. 21. The device according
to claim 19, wherein the bioactive agent is a growth
factor, retinoid, enzyme, cell adhesion factor,
extracellular matrix glycoprotein, hormone, osteogenic
factor, cytokine, antibody, antigen, biologically
active protein, pharmaceutical compound, peptide,
fragments or motifs derived from biologically active
protein, anti-bacterial agent or anti-viral agents. 


