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METHODS FOR COLON CANCER DETECTION AND TREATMENT MONITORING

Cross-Reference to Related Applications

[001] Thus application claims priority 1o, and the benefit of, U.S. Provisional Application No.
62/620,015, filed January 22, 2018, the contents of which 1s incorporated herein by reference in
its entirety.

Sequence Listing

[802] The mnstant application contains a Sequence Listing which has been submitted in ASCH
format via EFS-Web and is hereby incorporated by reference in its entirety. Said ASCH copy,

created on January 21, 2019, 18 named “LBIO-004 00TW(O ixt” and 18 111 KB in size.

Field of the Invention

[003] The present invention relates to colon cancer detection.
Background of the Invention

[804] Colorectal cancer (CRC) 1s one of the most commonly diagnosed cancers worldwide. In
the US, CRC is the second leading cause of death as it is in Europe, after lung cancer. Worldwide,
it 15 the fourth most common cause of cancer death. Although surgical resection followed by
chemotherapy is the leading treatment option, approximately half eventually die due to distant
metastases. Currently, the S-year overall survival rate of patients with primary CRC can be up to
90%, but it will be reduced to ~50% in patients with advanced non-metastatic tumors, and can be
further decreased to <10% 1n patients in whom the disease is resected at its earliest stages, owing
to an meomplete understanding of the molecular mechanisms underpinning its pathogenesis.
{885} Overall survival 1s associated with the disease stage at the time of diagnosis, suggesting
that early detection of disseminated disease 15 of considerable significance. Consequently, the
development of new diagnostic methods that better define disease stage and can better monitor
disease progression s critical.

{006} Surveillance remains a cornerstone approach to detect recurrence at an early stage and plan
further therapeutic strategies. After potentially curative resection, monitoring can be undertaken

through measurement of blood biomarkers and/or imaging like CT to detect asymptomatic
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metastatic disease earlier. Pooled data from randomized trials published from 1995 to 2016,
however, identifies that a benefit from surgical treatment resulting from earlier detection of
metastases, does not occur. This likely reflects the poor sensitivity of current biomarkers.

{807] The current biomarker i3 carcinoembryonic antigen {CEA), a glycoprotein involved in cell
adhesion that is not generally expressed in adult tissues except in heavy smokers. Its specialized
sialofucosylated glycoforms serve as functional colon carcinoma L-selectin and E-selectin ligands,
which may play a role in metastatic dissemination of colon carcinoma cells. CEA is principally
used to monitor colorectal carcinoma treatment, to identify recurrences after surgical resection, for
staging or to localize cancer spread through measurement of biological fluids. There are, however,
significant limitations. While preoperative CEA levels have shown an association with {disease-
free) survival, this was chiefly because it was a surrogate for metastatic presentation. Extrapolating
the predictive value of preoperative CEA has, however, been shown to be of limited significance
for predictions of long-term outcomes in individual cases. This has been independently supported
by a prospective analysis, which identified that levels of CEA, and other biomarkers like CA19-9,
does not indicate metastasis even at a time-poimnt where clinical signs and irmaging techniques has
already demonstrated metastasis.

[868] While the molecular basis for the colorectal cancer disease has been well-characterized
e.g., microsatellite instability, K-RAS mutations e#c., the development of diagnostic and
prognostic markers e g, 1 urine or stool or as circulating-free DNA that captures this information,
remains nascent but have begun to be developed. Examples include measurements of methylation
of septin 9, a tumor suppressor involved in cytokinesis during cellufar division. This has been used
to detect colon cancer; the metrics range between 60-70%. Assessment of circulating free DNA
{Iine 1 and Alu-based PCR} has a predictive value of 81% with a ROC of 0.86 as a diagnostic,
while measurements of circulating tumor celis are also considered useful TPS (tissue polypeptide
specific antigen) can be used as a monitor of colon cancer as can TAG-72 (tumor-associated

glycoprotein) but measurements of other single analytes, like CEA or CA19-9, are non-specific.

Summary of the Invention
[009] Among other things, disclosed herein 1s a 14-gene expression tool for colon cancer

detection.
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{016} In one aspect, the present disclosure provides a method for detecting a colon cancer in a
subject in need thereof, comprising: (&) determining the expression level of at least 14 biomarkers
from a test sample from the subject by contacting the test sample with a plurality of agents specific
to detect the expression of the at least 14 biomarkers, wherein the 14 biomarkers comprise ADRM 1,
CDK4, COMT, DHCR7, HMOXZ2, MCM2, PDXK, POP7, 8100P, SNRPA, SORD, STOMI.Z,
UMPS, and a housekeeping gene; (b) normalizing the expression level of each of ADRM I, CDK A,
COMT, DHCR7, HMOX2, MCM2, PDXK, POP7, §100F, SNRPA, SORD, STOML2, and UMPS
to the expression level of the housekeeping gene, thereby obtaining a normalized expression level
of each of ADRMI, CDK4, COMYT, DHCR7, HMOX2, MCM2, PDXK, POP7, SI00P, SNRPA,
SORD, STOMILZ, and UMPS, {c) inputting each normalized expression level into an algorithm to
generate a score; {d} comparing the score with a predetermined cutoff value; and (e} identifying
the presence of a colon cancer in the subject when the score is equal to or greater than the
predetermined cutoff value or identifving the absence of a colon cancer in the subject when the
score is less than the predetermuned cutoff value.

1811} Io one aspect, the present disclosure provides a method for detecting a colon cancer in a
subject in need thereof, the method comprising: (a) determining the expression level of at least 14
biomarkers from a test sample from the subject by contacting the test sample with a plurality of
agents specific to detect the expression of the at least 14 biomarkers, wherein the 14 biomarkers
comprise ADRMI, CDK4, COMT, DHCR7, HMOX2, MCM?2, PDXK, POP7, S100P, SNRPA,
SORD, STOML2, UMPS, and a housekeeping gene; (b} normalizing the expression level of each
of ADRMI, CDK4, COMT, DHCR7, HMOX2, MCM?2, PDXK, POP7, 8100P, SNRPA, SORD,
STOME2, and UMPS to the expression level of the housekeeping gene, thereby obtaining a
normalized expression level of each of ADRA I, CDKA, COMT, DHCR7, HMOX2, MCM2, PDXK,
POP7, 5100F, SNRPA, SORD, STOML2, and UMPS, {c) mputting each normalized expression
level into an algorithm {o generate a score; (d) comparing the score with a first predetermined
cutoff value; and (e} producing a report, wherein the report identifies the presence of a colon cancer
in the subject when the score i3 equal to or greater than the first predetermined cutoff value or
identifies the absence of a colon cancer in the subject when the score is less than the first
predetermined cutoff value, wherein the first predetermined cutoff value 15 50% on a scale of 0-

100%.
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1812} In one aspect, the present disclosure provides a method for determining whether a colon
cancer int a subject 18 stable or progressive, the method comprising: (a) determining the expression
level of at least 14 biomarkers from a test sample from the subject by contacting the test sample
with a plurality of agents specific to detect the expression of the at least 14 biomarkers, wherein
the 14 biomarkers comprise ADRM I, CDK4, COMT, DHCR7, HMOX2, MCM2, PDXK, POP7,
S100P, SNRPA, SORD, STOML2, UMPS, and a housekeeping gene, (b) normalizing the
expression level of each of ADRMI, CDK4, COMT, DHCR7, HMOX2, MCM2, PDXK, POP7,
S100P, SNRPA, SORD, STOMIL2, and UMPS to the expression level of the housekeeping gene,
thereby obtaining a normalized expression level of each of ADRMI, CDK4, COMT, DHCR7,
HMOX2, MCM?2, PDXK, POP7, S100P, SNRPA, SORD, STOML2, and UMPS, {c) inputting each
normalized expression level into an algorithm to generate a score; {d) comparing the score with a
predetermined cutoff value; and (e) identifying that the colon cancer in the subject i1s progressive
when the score 1s equal to or greater than the predetermined cutoff value or identifying that the
colon cancer m the subject is stable when the score 15 less than the predeternuned cutoff value.

1813} Io one aspect, the present disclosure provides a method for determining whether a colon
cancer it 3 subject is stable or progressive, the method comprising: (a) determining the expression
level of at least 14 biomarkers from a test sample from the subject by contacting the test sample
with a plurality of agents specific to detect the expression of the at least 14 biomarkers, wherein
the 14 biomarkers comprise ADRMI, CDK4, COMT, DHCR7, HMOX2, MCM?2, PDXK, POP7,
SI00P, SNRPA, SORD, STOML2, UMFS, and a housekeeping gene; (b) normalizing the
expression level of each of ADRMI, CDK4, COMT, DHCR7, HMOX2, MCM2, PDXK, POP7,
SI00P, SNRPA, SORD, STOML2, and UMPS to the expression level of the housekeeping gene,
thereby obtaining a normalized expression level of each of ADRMI, CDE4, COMT, DHCR?Y,
HMOX2, MCM2, PDXK, POP7, 5100F, SNRPA, SORD, STOMLZ, and UMPS, {c) mputting each
normalized expression level into an algorithm to generate a score; {d) comparing the score with a
second predetermined cutoff value; and (e) producing a report, wherein the report identifies that
the colon cancer is progressive when the score is equal to or greater than the second predetermined
cutoff value or identifies that the colon cancer is stable when the score is less than the second
predetermined cutoff value, wherein the second predetermined cutoff value 1s 60% on a scale of O

to 100%.
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{014} In one aspect, a method for determining the completeness of surgery in a subject having a
colon cancer, the method comprising: {a) determining the expression level of at least 14 biomarkers
from a test sample from the subject after the surgery by contacting the test sample with a plurality
of agents specific to detect the expression of the at least 14 biomarkers, wherein the 14 biomarkers
comprise ADRM I, CDK4, COMT, DHCR7, HMOXZ, MCM2, PDXK, POP7, S100P, SNRPA,
SORD, STOML2, UMPS, and a housekeeping gene,; (b} normalizing the expression level of each
of ADRMI, CDKA, COMT, DHCR7, HMOX2, MCM2, PDXKE, POP7, S100P, SNRPA, SORD,
STOML2, and UMPS to the expression level of the housekeeping gene, thereby obtaining a
normalized expression level of each of ADRM I, CDK4, COMT, DHCR7, HMOX2, MCM2, PDXK,
POP7, SH00P, SNRPA, SORD, STOML2, and UMPS, {(cy inputting each normalized expression
level into an algorithm to generate a score; {d) comparing the score with a predetermined cutoff
value; and (e) wdentifying that the colon cancer in the subject is not completely removed when the
score 1s equal {0 or greater than the predetermined cutoff value or identifying that the colon cancer
in the subject is completely removed when the score 1s less than the predetermined cutoff value.

18158} Io one aspect, the present disclosure provides a method for determining the completeness
of surgery in a subject having a colon cancer, the method comprising: (a) determining the
expression level of at least 14 biomarkers from a test sample from the subject after the surgery by
contacting the test sample with a plurality of agents specific to detect the expression of the at least
14 biomarkers, wherein the 14 biomarkers comprise ADRMI, CDK4, COMT, DHCR7, HMOX2,
MCM2, PDXK, POP7, SI00P, SNRPA, SORD, STOML.2, UMPS, and a housekeeping gene, (b)
normalizing the expression level of each of ADRMI, CDK4, COMT, DHCR7, HMOX2, MCM?2,
PDXK, POPT, SI00P, SNRFPA, SORD, STOMIL2, and UMPS to the expression level of the
housekeeping gene, thereby obtaining a normalized expression level of each of ADRM I, CDEA,
COMT, DHCR7, HMOX2, MCM2, PDXK, POP7, S100P, SNRFPA, SORD, STOML2, and UMPS,
{c) mputting each normalized expression ievel into an algorithm to generate a score; (d) comparing
the score with a first predetermined cutoff value; and (e) producing a report, wherein the report
identifies that the colon cancer i1s not completely removed when the score is equal to or greater
than the first predetermined cutoff value or identifies that the colon cancer is completely removed
when the score 15 less than the first predetermined cutoff value, wherein the first predetermined

cutoff value is 50% on a scale of 0-100%.
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1816} In one aspect, the present disclosure provides a method comprising: {a} determining the
expression level of at least 14 biomarkers from a test sample from a subject by contacting the test
sample with a plurality of agents specific to detect the expression of the at least 14 biomarkers,
wherein the 14 biomarkers comprise ADRM I, COK4, COMT, DHCR7, HMOX2, MCM?2, PDXEK,
POP7, 8100P, SNRPA, SORD, STOMLZ, UMPS, and a housekeeping gene; (b) normalizing the
expression level of each of ADRMI, CDK4, COMT, DHCR7, HMOX2, MCM2, PDXK, POP7,
S100P, SNRPA, SORD, STOMLZ, and UMPS to the expression level of the housekeeping gene,
thereby obtaining a normalized expression level of each of ADRMI, CDK4, COMT, DHCR7,
HMOX2, MCM2, PDXK, POP7, $100P, SNRPA, SORD, STOMIL2, and UMPS, {(c) inputting each
normalized expression level into an algorithm to generate a score; {d} comparing the score with a
predetermined cutoff value; and (e} administering a first therapy to the subject when the score s

equal to or greater than the predetermined cutoff value.

1817} In one aspect, the present disclosure provides a method for evaluating the response of a
subject having a colon cancer to a first therapy, the method comprising: (1) at a first time point:
{a}) determining the expression level of at least 14 biomarkers from a first test sample from the
subject by contacting the first test sample with a plurality of agents specific to detect the expression
of the at least 14 biomarkers, wherein the 14 biomarkers comprise ADRMI, CDK4, COMT,
DHCR7, HMOX2, MCM2, PDXK, POP7, S100P, SNRPA, SORD, STOML2, UMPS, and a
housekeeping gene; (b} normalizing the expression level of each of ADRMI, CDK4, COMT,
DHCR7, HMOX2, MCM2, PDXK, POP7, SI00FP, SNRPA, SORD, STOMI.2, and UMPS to the
expression level of the housekeeping gene, thereby obtaining a normalized expression level of
each of ADRMI, CDK4, COMT, DHCR7, HMOX2, MCM2, PDXK, POP7, SI100F, SNRPA, SORD,
STOMI 2, and UMPS, {¢) inputting each normalized expression level into an algorithm to generate
a first score; (2} at a second time point, wherein the second time point 13 after the first time point
and after the administration of the therapy to the subject: (a) determining the expression level of
at least 14 biomarkers from a second test sample from the sulyect by contacting the second test
sample with a plurality of agents specific to detect the expression of the at least 14 hiomarkers,
wherein the 14 biomarkers comprise ADRM I, CDK4, COMT, DHCR7, HMOX2 MCM2, PDXK,
POP7, SI00P, SNRPA, SORD, STOML2, UMPS, and the housekeeping gene; (b} normalizing the
expression level of each of ADRMI, CDK4, COMT, DHCR7, HMOX2, MCM2, PDXK, POP7,
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SI00P, SNRPA, SORD, STOML2, and UMPS to the expression level of the housekeeping gene,
thereby obtaining a normalized expression level of each of ADRMI, CDK4, COMT, DHCR7,
HMOX2, MCM2, PDXK, POP7, S100F, SNRPA, SORD, STOMLZ, and UMPS, {c) mputting each
normalized expression level into the algorithm to generate a second score; (3) comparing the first
score with the second score; and (4} identifying that the subject is responsive to the first therapy
when the second score 1s significantly decreased as compared to the first score or identifying that
the subject is not responsive to the first therapy when the second score is not significantly

decreased as compared to the first score.

{018} In one aspect, the present disclosure provides a method for evaluating the response of a
subject having a colon cancer to a therapy, the method comprising: (1) at a first time point,
performing the following steps that include (a) determining the expression level of at least 14
biomarkers from a first test sample from the subject by contacting the first test sample with a
plurality of agenis specific to detect the expression of the at least 14 biomarkers, wherein the 14
biomarkers comprise ADRM I, CDK4, COMT, DHCR7, HMOX2, MCM2, PDXK, POFP7, S100P,
SNRPA, SORD, STOMIL2, UMPS, and a housekeeping gene; (b) normalizing the expression level
of each of ADRMI, CDK4, COMT, DHCR7, HMOX2, MCM2, PDXK, POP7, S100P, SNRPA,
SORD, STOML2, and UMPS to the expression level of the housekeeping gene, thereby obtaining
a normalized expression level of each of ADRMI, CDK4, COMT, DHCR7, HMOX2, MCM2,
PDXK, POP7, S100P, SNRPA, SORD, STOML2, and UMPS, (c) mputting each normalized
expression level into an algorithm to generate a first score; and (2) at a second time point,
performing the following steps that include {d} determining the expression level of at least 14
biomarkers from a second test sample from the subject by contacting the second test sample with
a plorahity of agents specific to detect the expression of the af least 14 bigmarkers, wherein the 14
biomarkers comprise ADRMI, CDK4, COMT, DHCR7, HMOX2, MCM2, PDXK, POP7, S100P,
SNIPA, SORD, STOMI2, UMPS, and the housekeeping gene; {e) normalizing the expression level
of each of ADRMI, CDK4, COMI, DHCR7, HMOX2, MCM2, PDXK, POP7, S100P, SNRPA,
SORD, STOMI.Z, and UMPS to the expression level of the housekeeping gene, thereby obtaining
a normalized expression level of each of ADRM I, CDK4, COMT, DHCR7, HMOX2, MCM2,
PDXK, POP7, S100P, SNRPA, SORD, STOMLZ, and UMPS, (f) inputting each normalized

expression level into the algorithm to generate a second score, wherein the second time point 1s

~1
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after the first time point and after the administration of the therapy to the subject; (3} comparing
the first score with the second score; and {4) producing a report, wherein the report identifies that
the subject 1s responsive to the therapy when the second score is significantly decreased as
compared to the first score or ideniifies that the subject is not responsive to the therapy when the
second score s not significantly decreased as compared to the first score.

{019] In some aspects, a method of the present disclosure can further comprise continuing to
administer a first therapy to a subject when a second score is sigaificantly decreased as compared
to a first score.

1028} In some aspects, a method of the present disclosure can further comprise discontinuing
administration of a first therapy to a subject when a second score 15 not significantly decreased as
compared to a first score.

[021] In some aspects, a method of the present disclosure can further comprise administering a
second therapy to a subject when a second score is not significantly decreased as compared to a
first score.

{822} Iusome aspects, a second score is significantly decreased as compared to a first score when
the second score 1s at least 25% less than the first score.

1623} Iu some aspects, a predetermined cutoff value can be 50% on a scale of 0-100%. A
predetermined cutoff value can be 60% on a scale of 0-100%.

[824} In some aspects of any one of the methods disclosed herein, a housekeeping gene can be
selected from the group consisting of MRPLI9, PSMC4, SF341, PUMI, ACTB, GAPD, GUSB,
RPLPO, TFRC, MORF4I.1, 18S, PPIA, PGKI, RPLI3A, BIM, YWHAZ, SDHA, and HPRT]. For
example, the housekeeping gene can be MORF4L .

{025] Insomeaspects, a method of the present disclosure can have a sensitivity greater than 85%.
In some aspects, a method of the present disclosure can have a specificity of greater than 85%.
{026] In some aspects, a biomarker can comprise RNA, cDNA, protein or any combination
thereof.

{627} Insome aspects, wherein when the biomarker is RNA, the RNA can be reverse transcribed
to produce ¢cDNA, and the produced ¢DNA expression level can be detected.

{028} Insome aspects, a biomarker or the expression of a biomarker can be detected by forming

a complex between the biomarker and a labeled probe or primer.
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1029} In some aspects, when a biomarker is protein, the protein can be detected by forming a
complex between the protein and a labeled antibody.

1838} In some aspects, when a biomarker is RNA or cBNA, the RNA or ¢cDNA can be detected
by forming a complex between the RNA or ¢DNA and a labeled nucleic acid probe or primer. A
complex between the RNA or ¢cDNA and the labeled nucleic acid probe or primer can be a
hybridization complex.

1831} Insome aspects, a predetermined cutoff value can be derived from a plurality of reference
samples obtained from subjects not having or not diagnosed with a neoplastic disease. The
neoplastic disease can be colon cancer.

{032 In some aspects, an algorithm can be XGBoost (XGB), Random Forest (RF), glmnet,
cforest, Classification and Regression Trees for Machine Learning (CART), treebag, K-Nearest
Neighbors (kNN), neural network {nnet), Support Vector Machine radial (S§VM-radial}, Support
Vector Machine linear (SVM-linear), Naive Bayes (NB), multilayer perceptron {mlp) or any
combination thereof.

1833} Ion some aspects, the methods of the present disclosure can further comprise administering
to a subject a first therapy when a score is equal to or greater than a predetermined cutoff

{834} Tusome aspects, a first time point can be prior to the administration of a first therapy to the
subject. A first time point can be after the administration of the first therapy to the subject.

[833] In some aspects, a therapy can comprise anti-cancer therapy, surgery, chemotherapy,
targeted drug therapy, radiation therapy, immunotherapy or any combination thereof.

[836] Insome aspects, surgery can comprise removing a polyp during a colonoscopy, endoscopic
mucosal resection, a partial colectomy, an ostomy, removing at least one cancerous lesion from
the hiver, or any combination thereof,

1837} Insome aspects, chemotherapy can comprise FOLFOX, FOLFIR], a combination of 5-FU
and leucovorin, capecitabine, irinotecan, CapeQOx or any combination thereof.

{038] In some aspects, targeted drug therapy can comprise bevacizumab, cetuximab,
panitumumab, regorafentb, a combination of triflunidine and tipiracil, a EGFR TKI inhibitor or
any combination thereof.

{039} Insome aspects, anti-cancer therapy can comprise anti-colon cancer therapy.

{048} In some aspects, immunotherapy can comprise pembrolizumab, nivolumab or a

combination of pembrolizumab and nivolumab.
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1841} In some aspects, a test sample can be blood, serum, plasma, neoplastic tissue or any
combination thereof. A reference sample can be blood, serum, plasma, non-neoplastic tissue or
any combination thereof.

{842] Any of the above aspects can be combined with any other aspect.

1043} Unless otherwise defined, 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 disclosure
belongs. Inthe Spectfication, the singular forms also include the plural unless the context clearly
dictates otherwise; as examples, the terms “a,” “an,” and “the” are understood to be singular or
plural and the term “or” 15 understood to be inclusive. By way of example, “an element” means
one or more element. Throughout the specification the word “comprising,” or variations such as
“comprises” or “comprising,” will be understood to imply the inclusion of a stated element, integer
or step, or group of elements, integers or steps, but not the exclusion of any other element, integer
or step, or group of elements, integers or steps. About can be understood as within 10%, 9%, 8%,
7%, 6%, 5%, 4%, 3%, 2%, 1%, 0.5%, 0.1%, 0.05%, or 0.01% of the stated value. Unless otherwise
clear from the context, all numerical values provided herein are modified by the term “about.”
1044] Although methods and materials similar or equivalent to those described herein can be used
in the practice or testing of the present disclosure, suitable methods and materials are described
below. All publications, patent applications, patents, and other references mentioned herein are
meorporated by reference in their entirety. The references cited herein are not adnutted to be prior
art to the claimed invention. In the case of conflict, the present Specification, including defimtions,
will control. In addition, the materials, methods, and examples are illustrative only and are not
mtended to be limiting. Other features and advantages of the disclosure will be apparent from the

following detatled description and claim.

Brief Description of the Drawings
{045] FiGs. 1A-1B are graphs showing normalized gene expression of the 13 gene signature in
colon mucosa (FIG. 1A) and cell lines (FIG. 1B). Gene expression was significantly (p<0.0001)
elevated in colon cancer samples (#=7) compared to matched normal mucosa {(n=7). Levels were
~20-fold elevated in colon cancer tumor tissue than in normal mucosa. All genes were expressed
in three different colon cancer cell lines. Levels were ~1000x elevated compared to normal

mucosa. Horizontal lines identify median normalized expression of the 13 genes.
10
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1846] FiGs. ZA-2B are graphs showing receiver operator curve analysis of the test set (FIG. ZA)
and independent set (FIG. 2B). Hach cohort included 136 cancers and 60 controls. The AUROC
in the test set was 0.9 and the Youden J index was 0.71. In the independent set the AUROC was
0.86 with a Youden index of 0.6. Z-statistics ranged 11.2-15.6 and were highly signmificant
{7<<0.0001). The sensitivity and specificity of the test ranged 85-87 5% and 75-83%, respectively.
1047 FlGs. 3A-3B are graphs showing that gene expression in the entire cohort (controls: #=120;
colon cancer cases: #=272) identified levels were significantly (p<0.0001) elevated in cases
{62.7£14%) versus controls (34.6£18%) (FIG. 3A). The AUROC was 0.88, p<0.0001 (FIG. 3B).
Horizontal lines identify median expression of the normalized 13 gene signature {(ColoTest).
048] FiGs. 4A-4B are graphs showing decision curve analysis (FIG. 4A) and risk analysis (FIG.
4B) for the ColoTest. This exhibited >50% standardized predictive benefit up to a risk threshold
of 80%. The probit risk assessment plot identified a ColoTest score >50% was 75% accurate for
predicting colon cancer in a blood sample. This was increased to >80% at a ColoTest score >60%.
[049] FIG. 51s a graph showing the effect of surgery on the ColoTest. Levels prior to surgery are
elevated (844+6%). In those with no evidence of disease (NED) levels were reduced by surgery to
14+9% (*p=0.0001}. In those with disease (D) remaining after surgery, levels remained similar to
pre-surgical values (74+=4%).

[856] FIGs. 6A-6C are graphs showing ColoTest scores in stable and progressive disease. Test
scores were not significantly different between those wdentified as stable and those with progressive
disease at the time of assessment (FIG. 6A). Of the 17 with stable disease, 12 exhibited disease
progression in the 3 month follow-up. Levels i those who truly had demonstrable stable disease
were low (16:+10%} (FIG. 6B}. In those who did progress in the 3 months levels were not different
to those that had progressive disease (73+16% vs. 68+25%). The AUROC for differentiating stable
from progressing/progressive disease was 0.97, p<0.0001 (FIG. 6C).

{051 FIG. 7 is a graph showing comparison of AUROC between the ColoTest and CEA for
differentiating stable from progressive disease. The ColoTest was significantly more sensitive than
CEA (difference in AUC: 0.18, z-statistic: 2.1, p=0.03).

1852} FIG. 8 is a graph showing the effect of treatment on the ColoTest. Levels prior to treatment
are elevated (82+9%). In those who responded to therapy with disease stabilization, levels were
reduced to 14+7% (*p<<0.0001}. In those that extubited disease progression because of treatment

failure, levels were elevated (69+£21%).
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Detailed Description of the Invention
{053} The details of the invention are set forth in the accompanying description below.
Although methods and materials similar or equivalent to those described herein can be used in
the practice or testing of the present invention, illustrative methods and materials are now
described. Gther features, objects, and advantages of the invention will be apparent from the
description and from the claims. In the specification and the appended claims, the singular forms
also include the plural unless the context clearly dictates otherwise. 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 belongs. All patents and publications cited
i this specification are incorporated herein by reference in their entireties.
1054} Colon cancer is cancer of the large intestine (colon). Symptoms of colon cancer include,
but are not limited to: {a) a change in bowel habiis, (b) rectal bleeding or blood in the stool, (¢}
persistent abdominal discomfort, such as cramps, gas or pain, {d) a feeling that the bowel doesn't
empty completely, (e} weakness or fatigue, and () unexplained weight loss,
10358} Described herein are methods to quantitate (score) the circulating colon cancer molecular
signature with high sensitivity and specificity for purposes including, but not limited to,
detecting a colon cancer, determining whether a colon cancer is stable or progressive,
determining the completeness of surgery, and evaluating the response to a colon cancer therapy.
Specifically, the present invention 1s based on the discovery that the expression levels of
ADRMI, COK4, COMT, DHCR7, HMOX2, MCM2, PDXK, POP7, 8100P, SNRPA, SORD,
STOML2, and UMPS, normalized by the expression level of a housekeeping gene such as
MORFGLI are elevated in subjects having colon cancers as compared to healthy subjects.
{856} Accordingly, the present disclosure provides a method for detecting a colon cancer ina
subject in need thereof, the method comprising: {8} determining the expression level of at least
14 biomarkers from a test sample from the subject by contacting the test sample with a plurality
of agents specific to detect the expression of the at least 14 biomarkers, wherein the 14
biomarkers comprise ADRM I, CODK4, COMT, DHCR7, HMOX2, MCM?2, PDXK, POP7, S100P,
SNRPA, SORD, STOML2, UMPS, and a housekeeping gene; (b) normalizing the expression level
of each of ADRM I CDE4, COMT, DHCR7, HMOX2, MCM?2, PDXK, POP7, S100P, SNRPA,
SORD, STOML2, and UMPS 1o the expression level of the housekeeping gene, thereby obtaining
a normalized expression level of each of ADRMI, CDK4, COMT, DHCR7, HMOX2, MCM?2,
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PDXK, POP7, S100P, SNRPA, SORD, STOMI.2, and UMPS, (c) inputting each normalized
expression level into an algorithm to generate a score; {d) comparing the score with a first
predetermined cutoff value; and (e} identifying the presence of a colon cancer in the subject
when the score is equal to or greater than the predetermined cutoff value or identifying the
absence of a colon cancer in the subject when the score is less than the predeternuined cutoff
value.

{057} In some aspects of the preceding method, step (&) can comprise producing a report,
wherein the report identifies the presence of a colon cancer in the subject when the score is equal
to or greater than the first predetermined cutoff value or identifies the absence of a colon cancer
in the subject when the score is less than the first predetermined cutoff value.

1058} In some aspects, the preceding method can further comprise administering to the subject
a first therapy. The preceding method can further comprise administering to the subject a first
therapy when the score 1s equal to or greater than the predetermined cutoff.

[059] The present disclosure also provides a method for determining whether a colon cancer in
a subject 1s stable or progressive, the method comprising: {a) determining the expression level of
at least 14 biomarkers from a test sample from the subject by contacting the test sample with a
plurality of agents specitic to detect the expression of the at least 14 biomarkers, wherein the 14
biomarkers comprise ADRMI, CDK4, COMT, DHCR7, HMOX2, MCM2, PDXK, POP7,
S100P, SNRPA, SORD, STOML2, UMPS, and a housekeeping gene; (b) normalizing the
expression level of each of ADRM1, CDK4, COMT, DHCR7, HMOX2, MCM2, PDXK, POP7,
S100P, SNRPA, SORD, STOMLZ, and UMPS 1o the expression level of the housekeeping gene,
thereby obtaining a normalized expression level of each of ADRMI, CDK4, COMT, DHCR7,
HMOX2, MCM2, PDXK, POP7, S100P, SNRPA, SORD, STOML2, and UMPS; (¢} inputting
each normalized expression level into an algorithm to generate a score; {d) comparing the score
with a second predetermined cutoff value; and (e} identifying that the colon cancer in the subject
is progressive when the score is equal to or greater than the predetermined cutoff value or
identifying that the colon cancer in the subject 15 stable when the score 1s less than the
predetermined cutoff value.

{86¢] In some aspects of the preceding method, step (e} can comprise producing a report,

wherein the report identifies that the colon cancer is progressive when the score is equal o or
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greater than the second predetermined cutoff value or identifies that the colon cancer is stable
when the score is less than the second predetermined cutoff value.

1861} Insome aspects, the preceding method can further comprise administering to the subject
a first therapy. The preceding method can further comprise administering to the subject a first
therapy when the score 1s equal to or greater than the predetermined cutoff.

{662} In some aspects, the method further comprises treating the subject with a progressive
colon cancer with surgery, chemotherapy, targeted drug therapy, radiation therapy,
mmunoctherapy, or a combination thereof.

1863} The present disclosure also provides a method for determining the completeness of
surgery in a subject having a colon cancer, the method comprising: (a) determining the
expression level of at least 14 biomarkers from a test sample from the subject after the surgery
by contacting the test sample with a plurality of agents specific to detect the expression of the at
least 14 biomarkers, wherein the 14 biomarkers comprise ADRMI, CDK4, COMT, DHCR7,
HMOX2, MCM2, PDXK, POP7, S100P, SNRPA, SORD, STOML2, UMPS, and a housekeeping
gene; (b} normalizing the expression level of each of ADRMI, CDKA, COMT, DHCR7, HMOX?2,
MCM2, PDXK, POP7, S100P, SNRPA, SORD, STOML2, and UMPS to the expression level of
the housekeeping gene, thereby obtaining a normalized expression level of each of ADRM],
CDK A, COMT, DHCR7, HMOX2, MCM2, PDXK, POP7, S100P, SNRPA, SORD, STOMI2, and
UMPS, (¢} inputting each normalized expression level into an algorithm to generate a score; (d}
comparing the score with a first predetermined cutoff value; and (&) identifying that the colon
cancer 1n the subject 1s not completely removed when the score 1s equal to or greater than the
predetermined cutoff value or identifying that the colon cancer in the subject is completely
removed when the score 1s less than the predetermined cutoff value.

{064} Insome aspects of the preceding method, step (e) can comprise producing a report,
wherein the report identifies that the colon cancer i3 not completely removed when the score 13
equal to or greater than the first predetermined cutotf value or identifies that the colon cancer is
completely removed when the score is less than the first predetermined cutoff value.

1865} In some aspects, the preceding method can further comprise administering to the subject
a first therapy. The preceding method can further comprise administering to the subject a first

therapy when the score 15 equal to or greater than the predetermined cutoff.
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1866] The present disclosure also provides a method comprising: {a) determining the expression
level of at least 14 biomarkers from a test sample from a subject by contacting the test sample
with a plurality of agents specific to detect the expression of the at least 14 biomarkers, wherein
the 14 biomarkers comprise ADRM I, CDKLA, COMT, DHCR7, HMOX2, MCM2, PDXK, POP7,
SI00P, SNRPA, SORD, STOML2, UMPS, and a housekeeping gene; (b} normalizing the
expression level of each of ADRM I, CDEA, COMT, DHCR7, HMOX2, MCM2, PDXK, POP7,
S100P, SNRPA, SORD, STOML.2, and UMPS to the expression level of the housekeeping gene,
thereby obtaining a normalized expression level of each of ADRM, CDK4, COMT, DHCR7,
HMOX2, MCM2, PDXK, POP7, S100P, SNRPA, SORD, STOML2, and UMPS, (c) inputting
each normalized expression level into an algorithm to generate a score; {d) comparing the score
with a predetermined cutoff value; and {e) adnunistering a first therapy to the subject when the
score is equal to or greater than the predetermined cutoff value.

[867] The response of a subject having a colon cancer to a therapy can also be evaluated by
comparing the scores determined by the same algorithm at different time points of the therapy.
For example, the first time point can be prior to or after the administration of the therapy to the
subiect; the second tine point is after the first time point and after the admimstration of the
therapy to the subject. A first score 1s generated at the first time point, and a second score 18
generated at the second time point. When the second score is significantly decreased as
compared to the first score, the subject 1s considered to be responsive to the therapy.

{068] Accordingly, the present disclosure provides a method for evaluating the response of a
subject having a colon cancer to a first therapy, the method comprising: (1} at a first time pont:
{(a) determuining the expression level of at least 14 biomarkers from a first test sample from the
subject by contacting the first test sample with a plurality of agents specific to detect the
expression of the at least 14 biomarkers, wherein the 14 biomarkers comprise ADRM I, CDK4,
COMT, DHCR7, HMOX?2, MCM2, PDXK, POP7, S100P, SNRPA, SORD, STOMI.2, UMPS, and
a housekeeping gene; (b} normalizing the expression level of each of ADRM I, CDK4, COMT,
DHCR7, HMOX2, MCM2, PDXK, POP7, S100P, SNRPA, SORD, STOML2, and UMPS to the
expression level of the housekeeping gene, thereby obtaining a normalized expression level of
each of ADRMI CDK4, COMT, DHCR7, HMOX2, MCM2, PDXK, POP7, S100P, SNRPA,
SORD, STOML2, and UMPS (c) inputting each normalized expression level into an algorithm to

generate a first score; (2) at a second time point, wherein the second time point is after the first
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time point and after the administration of the therapy to the subject: (3} determining the
expression level of at least 14 biomarkers from a second test sample from the subject by
contacting the second test sample with a plurality of agents specific (o detect the expression of
the at least 14 biomarkers, wherein the 14 homarkers comprise ADRM I, COK4, COMT,
DHCR7, HMOX2, MCM2, PDIXK, POP7, S100P, SNRPA, SORD, STOML2, UMPS, and the
housekeeping gene; (b) normalizing the expression level of each of ADKRM I, CDK4, COMT,
DHCR7, HMOXZ, MCM2, PDXK, POP7, 51008, SNRPA, SORD, STOMLZ, and UMPS to the
expression level of the housekeeping gene, thereby obtaining a normalized expression level of
each of ADRMI, CDE4, COMT, DHCR7, HMOX2, MCAM2, PDXK, POP7, S100P, SNRPA,
SORD, STOMILZ, and UMPS; (¢} inputting each normalized expression level into the algorithm
to generate a second score; (3} comparing the first score with the second score; and (4)
identifying that the subject is responsive to the first therapy when the second score 1s
significantly decreased as compared to the first score or identifying that the subject is not
responsive to the first therapy when the second score 18 not significantly decreased as compared
to the fust score.

{869} In some aspects of the preceding method, step (4) can cormprise producing a report,
wherein the report identifies that the subject is respounsive to the first therapy when the second
score is significantly decreased as compared to the first score or identifies that the subject is not
responsive to the first therapy when the second score 15 not significantly decreased as compared
to the first score.

[878] In some aspects of the preceding method, the second score 1s significantly decreased as
compared to the first score when the second score 1s at least about 10% less than the first score,
or at least about 20% less than the first score, or at least about 25% less than the first scorg, at
least about 40% less than the first score, at feast about 50% less than the first score, or at least
about 60% less than the first score, or at least about 70% less than the first score, or at feast about
75% less than the first score, or at feast about 80% less than the first score, or at least about 90%
less than the first score, or at least about 95% less than the first score or at least about 95% less
than the first score. In some aspects, when the second score is not significantly decreased as

compared to the first score, the subject is considered to be not responsive to the therapy.
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1871} Insome aspects of the preceding methoed, a first time point can be prior to the
adminisiration of a first therapy to the subject. A first time point can be after the administration
of a first therapy to the subject.

{872] Insome aspects, the preceding method can further comprise continuing to administer the
first therapy to the subject when the second score s significantly decreased as compared to the
first score.

1873} In some aspects, the preceding method can further comprise discontinuing administration
of the first therapy to the subject when the second score is not significantly decreased as
compared to the first score.

[074] In some aspects, the preceding method can further comprise administering a second
therapy to the subject when the second score 1s not significantly decreased as compared to the
first score.

[875] 1o some aspects of the methods of the present disclosure, a predetermined cutoft value
can be about 50% on a scale of 0-100%. A predetermined cutoff value can be about 60% ona
scale of 0-100%. A predetermine cutoff value can be about 10%, or about 20%, or about 30%, or
about 40%, or about 70%, or about 80%, or about 90% on a scale of 0-100%.

[876} Tu some aspects of the methods of the present disclosure, a test sample can be any
biological fluid obtained from the subject. A test sample can be blood, serum, plasma, neoplastic
tissue or any combination thereof. Tn some aspects, the test sample 1s blood. In some aspects, the
test sample 1s serum. In some aspects, the test sample 1s plasma.

{8771 Insome aspects of the methods of the present disclosure, a housekeeping gene can
comprise, but 18 not himited to, MRFPLIY, PSMC4, SF341, PUMI, ACTE, GAPD, GUSE, RPLPO,
TEHRC, MORF4LI, 188, PPIA, PGKI, RPLI3A, B2M, YWHAZ, SDHA, and HPRT]. In some
aspects, the housekeeping gene 15 MORFALI.

{678] The methods of the present disclosure can have a sensitivity of at least about 50%, or at
least about 60%, or at least about 70%, or at least about 75%, or at least about 80%, or at least
about 5%, or at least about 90%, or at least about 95%, or at least about 99%. The methods of
the present disclosure can have a sensitivity of greater than about 50%, or greater than about
60%, or greater than about 70%, or greater than about 75%, or greater than about 80%, or greater
than about 85%, or greater than about 90%, or greater than about 95%, or greater than about
99%.

17



WO 2019/144099 PCT/US2019/014490

1879} The methods of the present disclosure can have a specificity of at least about 50%, or at
least about 60%, or at least about 70%, or at least about 75%, or at least about 80%, or at least
about 85%, or at least about 90%, or at least about 95%, or at least about 99%. The methods of
the present disclosure can have a specificity of greater than about 50%, or greater than about
60%, or greater than about 70%, or greater than about 75%, or greater than about 80%, or greater
than about 85%, or greater than about 90%, or greater than about 95%, or greater than about
99%.

{086} The methods of the present disclosure can have an accuracy of at least about 50%, or at
least about 60%, or at least about 70%, or at least about 75%, or at least about 80%, or at least
about 85%, or at least about 90%, or at least about 93%. or at least about 99%. The methods of
the present disclosure can have an accuracy of greater than about 50%, or greater than about
60%, or greater than about 70%, or greater than about 75%, or greater than about 80%, or greater
than about 85%, or greater than about 90%, or greater than about 93%, or greater than about
99%.

1081} Ion some aspects of the methods of the present disclosure, a predetermined cutoft value
can be derived from a plurality of reference samples obtatned from subjects not having or not
diagnosed with a neoplastic disease. In some aspects, the neoplastic disease can be colon cancer.
[082] The plurality of reference samples can comprise about 2-300, 2-200, 10-100, or 20-80
reference samples. Each reference sample produces a score using the algorithm, and the first
predetermined cutoff value can be an arithmetic mean of these scores. Each reference sample can
be blood, serum, plasma, or non-neoplastic tissue. In some aspects, each reference sample 13
blood. In some aspects, each reference sample is of the same type as the test sample.

[083] Each of the biomarkers disclosed herein may have ove or more transcript vanants. The
methods disclosed herein can measure the expression level of any one of the transcript variants
for each biomarker.

{084} The expression level can be measured in a number of ways, including, but not limited to
measuring the mRNA encoded by the selected genes; measuring the amount of protein encoded
by the selected genes; and measuring the activity of the protem encoded by the selected genes.
{083} In some aspects of the methods of the present disclosure, a biomarker can be RNA,
cDNA, protein or any combination thereof. When the biomarker is RNA, the RNA can be

reverse transcribed to produce cDNA {such as by RT-PCR), and the produced ¢cDNA expression
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level can be detected. The expression level of a biomarker can be detected by forming a complex
between the biomarker and a labeled probe or primer. When the biomarker 1s RNA or ¢cDNA, the
RNA or cDNA can be detected by forming a complex between the RNA or cDNA and a labeled
nucleic acid probe or primer. The complex between the RNA or cDNA and the labeled nucleic
acid probe or primer can be a hybridization complex.

[086] In some aspects of the methods of the present disclosure, gene expression can be detected
by microarray analysis. Differential gene expression can alse be identified, or confirmed using
the microarray technique. Thus, the expression profile biomarkers can be measured in either
fresh or fixed tissue, using microarray technology. In this method, polynucleotide sequences of
mterest (including ¢cDONAs and oligonucleotides) are plated, or arrayed, on a microchip substrate.
The arrayed sequences are then hybridized with specific DNA probes from cells or tissues of
mterest. The source of mRNA typically is total RNA isolated from a biological sample, and
corresponding normal tissues or cell lines may be used to determine differential expression.

[087] Insome aspects of microarray techniques, PCR amplified inserts of ¢cDNA clones are
apphed to a substrate in a dense array. In some aspects, at least 10,000 nucleotide sequences are
applied to the substrate. The microarrayed genes, immobilized on the microchip at 10,000
elements each, are suitable for hybridization under stringent conditions. Fluorescently labeled
cDNA probes may be generated through incorporation of fluorescent nucleotides by reverse
transcription of RNA extracted from tissues of interest. Labeled ¢cBNA probes applied to the chip
hybridize with specificity to each spot of DNA on the array. After stringent washing to remove
non-specifically bound probes, the microarray chip is scanned by a device such as, confocal laser
microscopy or by another detection method, such as a CCD camera. Quantitation of
hybridization of each arrayed element allows for assessment of corresponding mRNA
abundance. With dual color fluorescence, separately labeled cDINA probes generated from two
sources of RNA are hybridized pair-wise to the array. The relative abundance of the transcripts
from the two sources corresponding to each specified gene is thus determined simultaneously.
Microarray analysis can be performed by commercially available equipment, following
manufacturer's protocols.

{088] In some aspects of the methods of the present disclosure, the biomarkers can be detected
in a biological sample using gRT-PCR. The first step in gene expression profiling by RT-PCR 15

extracting RNA from a biological sample followed by the reverse transcription of the RNA
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template mto ¢cBNA and amplification by a PCR reaction. The reverse transcription reaction step
is generally primed using specific primers, random hexamers, or oligo-dT primers, depending on
the goal of expression profiling. The two commonly used reverse transcriptases are avilo
myeloblastosis virus reverse transeriptase (AMV-RT) and Moloney murine leukemia virus
reverse transcriptase (MLV-RT).

{089} In some aspects of the methods of the present disclosure, when the biomarker is a protein,
the protein can be detected by forming a complex between the protein and a labeled antibody.
The label can be any label for example a fluorescent label, chemiluminescence label, radicactive
label, etc. Exemplary methods for protein detection include, but are not limited to, enzyme
mmunoassay (E1A), radioimmunoassay (R1A), Western blot analysis and enzyme linked
immunoabsorbant assay (ELISA). For example, the biomarker can be detected in an ELISA, in
which the biomarker antibody 15 bound to a solid phase and an enzyme-antibody comjugate is
employed to detect and/or quantify biomarker present in a sample. Alternatively, a western blot
assay can be used in which solubilized and separated biomarker 1s bound to nitrocellulose paper.
The combination of a highly specific, stable liquid conjugate with a sensitive chromogenic
substrate allows rapid and accurate identification of samples.

{898} Tu some aspects of the methods of the present disclosure , the methods described herein
can have a specificity, sensitivity, and/or accuracy of at least 75%, 80%, 85%, 90%, 91%, 92%,
93%, 94%, 95%, 96%, 97%, 98%, or 99%.

{091] Insome aspects of the methods of the present disclosure, a labeled probe, a labeled
primer, a labeled antibody or a labeled nucleic acid can comprise a fluorescent label.

{692} Any algorithm that can generate a score for a sample by assessing where that sample
value falls onto a prediction model generated using different techmques, e.g., decision trees, can
be used in the methods disclosed herein. The algorithm analyzes the data (1.e., expression levels})
and then assigns a score. In some aspects, the algorithm can be a machine-learning algorithm.
Exemplary algorithms that can be used in the methods disclosed herein can include, but are not
limited to, XGBoost {(XGB), Random Forest (RF), gimnet, cforest, Classification and Regression
Trees for Machine Learning (CART), treebag, K-Nearest Neighbors (kKNN}, neural network
{nnet}), Support Vector Machine radial (§VM-radial}, Support Vector Machine linear (SVM-

linear}), Naive Bayes (NB), muitilayer perceptron {mlp} or any combination thereof.
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1893} Insome aspects of the methods of the present disclosure, the algorithm can be XGB (also
called XGBoost). XGB 1s an implementation of gradient boosted decision trees designed for
speed and performance.

{094} In some aspects of the methods of the present disclosure, a therapy can comprise anti-
cancer therapy, surgery, chemotherapy, targeted drug therapy, radiation therapy, immunotherapy,
or any combination thereof.

{095} In some aspects of the methods of the present disclosure, surgery can comprise removing
a polyp during a colonoscopy, endoscopic mucosal resection, a partial colectomy, an ostomy,
removing at least one cancerous lesion from the liver, or any combination thereof.

[096] In some aspects of the methods of the present disclosure, anti-cancer therapy can
comprise anti-colon cancer therapy.

[097] Insome aspects of the methods of the present disclosure, chemotherapy can comprise
FOLFOX, FOLFIRI, a combination of 5-FU and leucovorin, capecitabine, innotecan, Cape0Ox or
any combination thereof.

{898} Iu some aspects of the methods of the present disclosure, targeted drug therapy can
comprise bevacizumab, cetuximab, panitumummab, regorafenib, a combination of trifluridine and
tipiracil, an EGFR TKI inhubitor or any combination thereof.

[899] In some aspects of the methods of the present disclosure, immunotherapy can comprise
pembrolizumab, nivolumab or a combination of pembrolizumab and nivolumab.

{8160} For early-stage colon cancer, a mimmmally mvasive approach to surgery can be used to
remove the cancer. For example, if the cancer is completely contained within a polyp, the polyp
can be removed during a colonoscopy. Endoscopic mucosal resection can be performed o
remove larger polyps. Polyps that cannot be removed during a colonoscopy may be removed
using laparoscopic surgery.

{6161} If the cancer has grown into or through the colon, partial colectomy can be performed to
remove the part of the colon that contains the cancer, along with 3 margin of normal tissue on
either side of the cancer. When it's not possible to reconnect the healthy portions of the colon or
rectum, an ostomy can be performed to create an opening in the wall of the abdomen from a
portion of the remaining bowel for the elimination of stool into a bag that fits securely over the

opening. Lymph node removal can also be performed.
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18102} For advanced colon cancer, an operation 1o relieve a blockage of the colon or other
conditions can also be performed. In specific cases where the cancer has spread only to the liver,
surgery to remove the cancerous lesion from the liver can be performed.

{8183] For chemotherapies, either the FOLFOX (5-FU, leucovorin, and oxaliplatin) or CapeQx
{capecttabine and oxaliplatin} regimens are used most often, but some patients may get 5-FU
with leucovorin or capecitabine alone based on their age and health needs. Irinotecan can also be
used as a chemotherapeutic agent for treating a colon cancer.

[0104] Targeted drug therapies target specific malfunctions that allow cancer cells to grow.
These therapies include, but are not limited to, bevacizumab, cetuximab, panitumumab,
ramucirumab, regorafenib, ziv-aflibercept, a combination of trifluridine and tipiracil, and an
EGFR TKI inhibitor.

[8165] Immunotherapies for colon cancer inclade, but are not limited to, pembrolizumab
{Keytruda®) and nivolumab {Opdivo®).

[8166] The sequence information of the colon cancer biomarkers and housekeepers is shown in
Table 1

[0167] Table 1. Colon Cancer Biomarker/Housekeeper Sequence Information

- . SE{
Gene RefSeq . 2
) Sequence iD
Name Accession NO:

ceggacggegectetcgaacgagigiggpegegaggcaggatgacgaccicagycgeg

cictitccaagesiggteccaggcicicgegecgectccaacaagtaciiggtogagiticegg
gcggganagatglecetgaagggeaccacegigactceggataagcggaaagggctggt
glacaticagcagacggacgacicgettattcactictgetggaaggacaggacgiceggga
NM 007002 acgtg;oaagacg,acttgatcaicttccctgacgactotssagttcaag gegtoccgeagigc
ADRM] ST A cagcgggagggtctacgigctgaagticaaggeaggetccaageggcttitetictggat 1

-
3

ge ggda:.:ucaagacas_&ccagfatgaﬂgagcaﬁgccgs_&adgtcaaugaﬁtatatgd
acaaccccccgalgecigggecgeiggegaceageggaageageggecacgaactetet
gogotaggeoggtgagggtegeotgcagagecigotgggaaacalgagecacageraget
catgcagetcateggaccageeggectcggaggacigegigggctggorocceigacig
acctggectiggecagotiaciggggageagigepeciccagggageagctectecteca
gotccoggagecagicggoageggicaccccgicatecaccaccicticcaccegigecac
cecagecccticigetecageagetgccicageaactageecgageccegegeccagiice
gggaatggagccageacageageocagecegacccageocatecagetgagegaccice

[}3
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agagcatcotggecacgatgaacgtaccageegggocageaggeggccagcaagigga

cotggecagigtectgacgecggagataatggetoceatecicgecaacgeggatgtccag
gagegeotgeticectactigecatotggggagtogeigocgeagaccgeggatgagatec

agaatacccigacctegecccagitecageaggcecctgggeatgticagegeagectigge

cteggegcagetigggoccecicatgigecagticggicigocigeagaggetgtggagace
gecaacaaggeegatgtgeaagcgtiigecaaagecalgoagaacaacgecaagoecega
geagaaagagggegacacgaaggacaagaaggacgaagaggaggacatgagoectgga
ctgagecacgogecgicotocgaggaactggaogettgcagtgegtigeacaccetcacat
cecacceactgatiatiaataaagtctiticititacctgecaaasanaaasaaaaaaaa

cacctectgliccgecectecagegeatgggtogcggtcacgigeecagaacgtecggegtic
gececgeocteccagtitecgegegectetitggeagetggicacatggtgagegipgeee
tzaggeggccicictageitgogge
ggaccgageicggotgiatggguccgiaggaaccggciccgggeococgataacgggc
cgoeececacageaccecgggotgeegigarsotcteccttgalcigagaatggetacetet
cgatatgagecagiggetgaaattggtgtoggtocctatgggacagigtacaaggoeccegty
atccocacagtggecactiigiggcccicaagagtgtgagagiccccaatggaggagsagy

tggaggaggociicecatcagoacagticgtgaggtegottiactgaggcgactggaggeit

ttgagcatcecaatgtigiccggotgatggacgictgigecacatecocgaactgaccgggag

cotgigtetatggicgpgcectetgegiecageigeice

atcaaggtaaccciggigtitgagcatgtagaccaggacctaaggacalaictiggacaagge
acceccaccaggotigecagecgaaacgatcaaggatctgatgogccagitictaagagge
ctagatticcticatgecaattgeategticaccgagateigaagecagagaacaticigeiga
caagtggigeaacagtcaagetggetgactitggectggcoagaatctacagetaccagalg
gceacttacaccegtggtigttacactetggtaccgagetceegaagticticigoagiceacat

atgcaacaccigtggacaigtggagigitzgcigtatetitgcagagatgiticgicgaaagee
fetetictgtggaaactetgaagecgaccagtigggeaaaateitigacetgatigggctgect
coagaggatgactggectcgagatgtatoeotgececgtggagectticccoccagagegc 2
ceogeccagtgcagtepgiggtaccigagalggaggagicgagagoacageigeigoisy

aaatgcigacttitaacccacacaagegaatctetgociticgagctetgcageacicitateta

NM_060075.

CDK4 3

cataaggatgaaggtaatccggagigageaalggagtegctgccatggaaggaagaaaag,
ctgecatticectictggacactgagagggcaatctiigectitatetetgaggctatggagg st
cotectecatetitctacagagattaciitgetigecitaatgacattceceloccaccteteottitg
aggcticiccticicctteecatticictacactaagggetatgticectetigicectticectace
titatattigggotecttttitatacaggaaaaacaaaacaaagaaataatg gictitttttitittta
atgitteticcicigttiggetitgecatigtocgattiggaaaaaccacttggaag aagggactt
icctgcaaaacctiaaagactggitaaatiacagggcctaggaagicagtggagecceiiga
ctgacaaagotiagaaaggaacigaaatigeitctitgaatalggatittaggcegggcgtest
ggctcacgectataatcccagoacgitggeaggccaacgeggeigeatcaccigaggica
geagitegagaccagectgactaacatggtgaaaccctgtotetactagasatacaaaatiag
tcaggcegigoiggtegcacacctgiaatcccagetactigggagactgaggcageagoateg
cttgaasccegggagecagagettecgotgagecgagatcatgecatigeactecagectg
gecaacagagoaagacicigigicaaaaaaaaaaaaagaatalagatititaaatggcaaaa
azaaaaaaaaaaaa

23




WO 2019/144099

PCT/US2019/014490

COMT

NM_060754.
3

cggcectgogiccgecaccggaagegeccicotaalccecgeagegccaccgecatigesg
ceategtegtggegcticiggggeagetaggactecocgecgegetgcctgegecggace
geggcgggtccagicecgggegggocgicgegggagagaaataacatcigotitgotgee
gagcetcagaggagaccecagaccectecegeagecagagggeiggagoctgeicagag
gigetitgaagatgecggaggeccegectctgetigttggeagetgigtigoiggeocigatyg
ctgeiggtgetgotgetgctactictgaggeactgggectgeggcctatigcctiateggely
gaacgagttcatcctgeageccatecacaaccigotealgggigacaccaaggagoeagog
catcotgaaccacgtgetgcageatgegpagoccgggaacgoacagagoegtectgsags
ccattgacacctactgegageagaaggagiggeccatgaacgiggecgacaagaaagec
aagatcgtggacgeegtuaticaggageaccageccteegigetgetgagcteggooce
tacigiggotactcageigigegcatggeocgectgeigtcaccagggecgaggcicatea
ccatcgagatcaaccecgacigteccgecatcacccageggatggiguatitcgeigucgt
gaaggacaaggicacceiigiggliggageatcccaggacatcatoceceagetzaagaa
gaaglatgatgiggacacaciggacatggicticolegaccactggaaggaccggiaccige
cggacacgeiicictiggaggaatgiggectgetgcggaaggggacagigetaciggeisga
caacgigatctecccaggtgcgocagacitcctagoacacgigegogggagcageotgeitt
gagtgcacacactaccaategticotggaatacagggaggtggtagacggeciggagaag
gecatctacaagggeccaggeagogaageagggoecoigacigeeototoggoeececic
tecgggctctctcacccagectggtacigaaggticcagacgigetoctgeigacctictgey
getecgggetgtgicctaaatgecaaageacaccicggecgaggectgcgcectgacaiget
aacctetetgaactgeaacaciggattgtictittttaagacicaatcatgactictitactaacac
tggctagetatattatcitatatactaatatcatgitttanaaatataaaatagaaatiaagaatcta
aatatttagatataactcgactiagtacatectictcaactgecaticcectgetgeccitgaciiy
ggcaccaaacattcaaageicecctigacggacgctaacgctaagggegggeccoetiage
tggctgggtictgggtgocacgectggeocaciggecicecagecacagiggtecagaget
cagceecicctgeagetiaggecagggacaccigtiagecceatggggacgactgeoggce
gggaaacgaagaggagicagecageaticacaccttictgaccaageaggegctggggac
aggtegaccecgeageageaccagececictgggececatgiggeacagagiggaagea
tetccticectactecccactgggectigettacagaagaggeaatggelcagaccagetece
goatcocigtagitgeciceciggoccalgaglgaggatgeagigetggtiictgeccaccta
cacctagagctgiceccatcteciccaaggggtcagactectagecacctcagaggcteca
agggcccagttcecaggeccaggacaggaatcaacceotgigetagctgagttcacetgeac
cgagaccageccctagocaagaticlactecigggetcaaggectggetagecoccageca
geocacicetatggatagacagaccagtgagoccaagiggacaagtitggoaccacecag
ggaccagaaacagagectcigoaggacacageagatgggeaccigggaccacctecace
caggoeccigecceagacgogeagaggeocegacacaagggagaagecagecactigle
coagaccigaglggeagaaagoaaaaagticotitgetgetitaattitiaaattticitacaaaa
atttaggtetitaccaatagictiatttiggotiattitian

(98]

DHCR7

NM_001163
817.1

aatcgeigacatcaiceggegocgggegeccctgeccigegggtgacteczaccectgge
tagagggtaggogecglegageagoegogograagcgagaceageegangaiogocgc
aggactitagocggligagaaggaicaageaggeatiiggagcacaggigtctagaaacitit
aagggccggticaagaaggaaaagiicecticigotstgaaactatiiggcaagaggcieg
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agggcccaatgoctgcaaaatcgcaacccaacaticecaaagecaagagictagatggent
caccaatgacagaaccgeatcicaagggeagtggeocegtocetgegagaigoactoutt
ticaciggegagcegleateticctactgetgticgecoecticategictactacticateatgge
ttgtgaccagtacagcetgogeccigactggocctgigatiggacategicaccggacatgote
ggctcicggacaictggaccaagaciccacctataacgaggaaagecgeccagotetatac
cttgtgggicaccitccaggtgctictatacacgtcteiccctgactictgocataagtitctace
cggctacgtaggaggoatccaggaggggeccgigacicetgeaggggligigaacaagta
tcagaicaatggocigeaageotggctcetcacgeacctgeiciggtttigeaaacgetcatet
cotgtectggtictegoccaccatcateticgacaactggateccacigetetggtgegccaa
catcctiggetatgecgictecaccttcgecatggtcaaggectacticticeccaccagege
cagagactgcaaaticacaggcaatitetittacaactiacatgatgggcategagtitaacect
cggatcgggaagiggttizacticaagetgitcticaatgogcgccccgggategtegectg
gacccicatcaacctgicettcgeagegaagcagegggagctccacagecatgigaccaat
gecatggtoctggicaacgiceigoaggecatctacgigatigactictictggaacgaaace
tgetaccigaagaccatigacatctgecatgaccacticgagtggtacetgggaciggpocsa
ctgigictggcetgectiaicitiacacgetgcagggictigtacitaggigtaccaceeogigeag
ctgiccaccecgeacgecgtggacgtoctgctgctgggcctggtggactactacateticeg
ggtegccaaccaccagaaggaccigticegocgeacggatgggegotgocticatotgegg
caggaagcccaaggicalcgagigelectacacatcogecgatgggcagaggraccaca
geaagetgeiggigicgoocticigggecgiggoccgceacitcaactacgicggegacet
gatggocagcciggectactgectggectgiggeggeggecaceigetgeoctactictac
atcatctacatggecatectgetgacccaccgetgecteccgggacgageaccgetgegeca
gcaagtacgaccggactgggagogeiacaccgeegeagtgectiacegectgetgenty
gaatctictaagggeacgecctagggagaagecctgiggegcigtcaagagegigiteise
caggtccatgggggotggcatcecageiccaactcgaggagectcagtitccteateigtaa
actggagagageccagcacttggeaggigiceagtacciaatcacgototgticcttgctitig
cticaagggaattcegagigiccagoactgeegtatigecageacagacggatiticictaat
cagigtecctgggecaggaggatgacceagicaccitiactagtccttiggagacaatttace
tgtattaggageccaggecacgctacacictgeccacactggtgagcaggaggticticeca
cgeocigtcattaggetgeattiacictigotaaataaaagigggagtgsgaceigegegtiat
ceatgtatigectticagcetictagateccecteeceigocigeicigeagicgizgggizgegc
cgtgcgcegtitcioctiggtageatgoacggigtigaactgegacactggggaganagsg
getttcatgtegtitceticetgotectgeigeacagetgecaggagtgeictgectggagtotg
cagaccicagagaggtoccageaccggotgiggoctticaggtetaggraggtgggcicly
cticcegaticocigigagegoccacceetctogaaagaatiticigeitgeectaigactgiaca
gactctggetcgagcaaccegggeaacticacceicaggggecticecacacctictecage

o

gaggagglcteaglicccagoecicgggagggoaccicetttictglgetiteticoctgaggea
ticttccicatcectagggtottgigtag aacictititaaacictatgeticcgagtagagticatet
{tatattaaacticcecigticaaataa

HMOXZ

NM_001127

204.1

catctctaggecccegececgegetgegtgcecacgitgegeeggectegegecagtecget
gegctgeaggeactgegecgectgagggaglogelgacgggcacgetgactggagact
ggeggacaggegacagegacctgeggcagagicitgcigegacaccraggetggagiac
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aatggcectatcteggctcactgcaaccicegeticecggaticaageg atictectgccica

gocteccgagtaggigggactacaggaccagaggageaagageageaagasccacace
cageagcaatgicageggaaglggaaaccicagagggeetagacgagicagaaaaasaag
aactetgggeccctagaaaaggagaaccaaatgagaatggetgaccicicggagetectga
aggaagggaccaaggaageacacgaccgggcagaaaacacceagtitgicaaggactic
ttgaaaggcaacatiaagaaggagctgtitaageiggecaccacggcactitacticacatac
tcageccicgaggaggaaatggagogcaacaaggaccatocagectttgeceotitgtactt
ceocatggagotgcaccggaaggagecyctgaccaaggacatggaglatticttiggigaa
aactgggageagcaggiocagigececaaggetgeccagaagtacgiggageggateca
ctacatagggecagaacgagecggagctacigatgecccatgeatacaccegetacatgey

ggatcictegggggrecagstgctigaagaaggiggcccagogageactigaaacteecea

gcacaggggaagugacceagitctacctgitigagaatgizgacaatgcccageagticaa

gcagctctaccgggecaggatgaacgecciggaccigaacatgasgaccaaagagagga
teglggaggaggccaacaaggotitigagtataacatgeagataticaatgaactggaccag
geeggetccacactggocagagagacctiggaggatggaticcoigtacacgatgggaaa

ggagacatgegtaaatgecctticiacgetgctigaacaagacaaaggigooctggagggea
geagctgteccticegaacagetatggctgigetgaggaageccageciceagticatocty

geogelggtgtgoccctagelgetggacicitggectggtactacatgigaagcacceateat
gocacaccggiacectectecegactgaccactggectaccectiictecagecctgactaa

actaccaccicaggigactititaaaaaatgeiggetitaagaaaggcaaccaataaaageca
gatgctagagectctgectgacageatectetetatgggoecataticegeactgggcacagg

cglcacceeigggageagicggeacagigeageaagoctggecccogacceagetcetact
ceaggcticcacacttetgggocctaggetgeticeggtagteecigtittigoagtacatggg
tgactatcteeccigliggaggigagtegoctataagiccaagetgigegagggggectiget
geatgctgeigtacaactictggecctotettggaccctgggagigagegigogioiggoty

gaagcetcagaggectigggagetcateecicicacccagaatcectctaaceectiggaly

cggtitgcteageccecagettatetectectecgegetgigiaaaigetecageactcaataaa
gtgoectitgcaagetanaaaaaaaasanasasasaaaas

atgacgtcgegticegtaggocicticcegggcttigaigosicacgteaaccactiticgeg
cgaaacciggligitectgtagtegcegagageateglggtactgetatggeggaateatey
gaatccticaccatggeatecagecoggoceagegicggegaggcaatgatecteteacct
ceagecctggeegaageicceggegtactgatgeccteacctecageectiggecgigacct
tecaccatttgaggatgagtcogaggggoteclaggeacagagggecceciggaggaaga
agaggatggagaggagcteatiggagatggeatggasagggactaccgogecaleccay
ageiggacgectatgaggccgagggactegcictggatgateaguacgtagaggagciga 6
cggocagicagagggaggcageagagegggocatgeggeagegtgaccgggaggotg
geeggeecctgegccgoatgegeogigggctectglatgacagegalgaggagsacgag
2aALCLCCCiLroreeaageEoceeragelingagceseccacgeageacsEcLagsa

, NM_004526.
MCM?2 S

ggaceagoagateatcgagagcategagaacciggaggatcicaaaggecacteigiocg
cgagtegotoagcatggegeocccecggctggagatccaccaccegeticaagaacticcet

gegeactcacgicgacagecacggccacaacgicticaaggagegeatcagegacatgly
caaagagaacegigagagectggiggigaactatgaggactiggeageragggageacyt

26




WO 2019/144099 PCT/US2019/014490

getgecctacticotgecigaggeaccggeggagctecigeagateitigatzaggotgcee
tggaggigetactgoceatgtaceccaagiacgacegeatcaccaaccacatecatgiocy
catcteccacotgecicigglggaggagelgegetegetgaggeageigoatcigaaccag
ctgatcogeaccagiggggtggtoaccagetycaciggegicetgeaceagetcageatag
icaagtacaacigcaacaagigcaatitegicetgggicctitcigecagicccagaaccagy
aggteaaaccaggeioctgiecigagiagccagicggocggocectitgaggicaacatgga
ggagaccatctateagaactaccagegtatcegaalccaggagagiccaggcaaagligse
gactggecgpctgcocogeiccaaggacgecattotfocicgeagatetggtggacageige
aagecaggagacgagatagagctgacigecaictatcacaacaactatgatggeteccica
acactgecaatggeticectgtettigecactgicatectagecaaccacgtggecaagaagy
acaacaaggitgctglagggraacigaccgatgaagatgtgaagatgatcactagectetee
aaggatcageagatcggagagaagatetitgccagcattgeiceitecatctatggtcaigaa
gacalcaagagaggoctiggelctgeecctigticggagrsgageecaasaaccoagaigy
caagcacaagglacgtggigatatcaacgigototigtgcggagaceciggoacagegaag
tcgeagtitcicaagtatatigagaaagtgiccageogagcecatcitcaccacigyocagygg
gogicggotgtgggecticacggogtatgtccageggeacectgicageagggagiggace
tiggaggcetggggocciggtictggetgacegaggagtgigictcatigatgaattigacaag
atgaatgaccaggacagaaccagceatocatgaggcecatggagcaacagagealciccalet
cgaaggctggcategicaceicccigoaggcetegetgeacggteattgctgeegecaacce
cataggaggecgctacgaccecticgctzaciticictgagaacgiggaccicacagagcce
atcatctcacgetttgacatectatgigizgigageeacaccgiggacccagiccaggacga
gatgetggeccgetiogiggigogeagocacgicagacacoaccocagraacaaggagg
aggaggggcigaccaatggoagegctgcigageccgecatgeccaacacgtatggcgty
gageccctgecccaggaggicctgaagaagtacatcaictacgecaaggagaggetccac
cegaagetcaaccagalggaccaggacaaggiggecaagatgtacagtgaccligaggaa
agaatctatggogacaggcagoealccccattacggtgeggcacatcgagiccatgatecge
atggeggaggeccacgegegeatceatetgegggactatgtgatcgaagacgacgtcaac
atggcecatecgegtgatgetggagagcticatagacacacagaagticagegicatgegea
geatgegeaagactitigecogelacciticaticeggogtgacaacaalgagcigtigetett
catactgaageagitagigpcagageaggigacatatcagcgeaaccgctiigggroccag
caggacactatigaggeicecigagaaggacttgginggataaggeicgtcagatcaacatcea
caacctetetgeatittatgacagtgagetcticaggatgaacaagiicagecacgacctgaa
aaggaaaatgatecigeageagttctgaggccctatgecatccataaggaticctigggatic
tggittgoeotogicagigeccicigigetitalg gacacaaaaccagageactigatgaact
cggugtactagggtcagggcttatageaggatgictegctgcacctggeatgacigtitgitt
ctccaagectgettigtocticicacctitggetegoatgcctigecagtgigictiaciiggtie
ctgaacatctigecaccteegagtgcttigtetecacicagtacctigg atcagagctgctigag
ticaggatgectgegigtgatitagetetiagccitctiacaiggateicaggagagetgeige
cetetiggegteaitecotaticaggctgetitigetccttiggecagagagetggtigaay
atgttigtaategtiticagtctecigeaggtttcigigeeectglgglggaagagggcacgac
agtgccagegeagegticiggactectcagicgeagggaigsatgtaagtcatgcggatt
atccactegecacagtiatcagetgecatigetcectgticigtitccecactctetiatiigtgeat
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tcggtitggotitctgtagititaaitittaataaagtigaataaaatataaaanaaaaaaaaaaaaa
a

cggaactcgegggticggagccgeecgctgaggicagaaggaggcgicigegetgateg

ggtecgeegegegecagagecagagicgCagoegagpegagccgggaccggageed

£3gooogagergaglogeageecgagegageggeggagaccgigecaecogeciogge
ceegegecgeegeggecaggeceggeatggaggaggagigecgggtectetecataca

gagecacgicatcegoggetacgigggcaacegggeggecacgiicecgetgeaggttit

gegatttgagatigacgeggigaactetgiceagttitcaaaccacacaggctatgeccacty
gaaggeccaagtgcigaaticagatgagceiccaggagtigtacgaaggecigaggcigaa

caacatgaataaatatgactacgigetcacagetiatacgagesacaagicgticelggecat
gelggtgpacatigtecaggagelgaageageagaaccecaggeiggigtacgtoigtgal
ceagictigggteacaagigggacggcgaaggctegatgtacgicecggaggaccicetic
cegictacaaagaaaaagiggigccectigeagacatiatcacgeecaaccagtitgaggee
gagttactgagiggocgeaagatccacagecaggaggaagectigeggeigatggacaty
ctgeactetatgggecccgacaccgiggicatcaccagetocgaceigeecicecegeagg
gCagcaactaccotgatigigeigggagicagaggaggaggaatccegotgactecgtggt
gatgeaacgceatccggatggacaticgeaaagiggacgecgictiigtgggcaciggggac
ctgtttgetigecatgeicetggegiggacacacaageaccecaataaccicaaggtegecty
tgagaagaccgigictacctigeaccacglicigcagaggacoatcoagigtgcaaaageoe
aggecggegaaggagtpagpeccageccoatgeagctggagctigeggatggtgcagag

) caaaagggacatcgaggacccagagategicgteccaggecacggtoctgigagrocece
NM 003681.

y gecgctigeocegtgacacgeagogegtiggtgtotecgigtitetocotiglgaaaacatgtaa 7

cgictgectiagagecatgaccgaaactigatattiitiictitcatgagtgiceggeateigoly
gicttcattgigaaacgigecagicgtgetiigtgazasataacaaagiggtcacagaaattigt
gatcigaaaacceggcteocticeccacaaggotecigggecioccgggaagacgggecoee
tgtttgecatctegggpataticectgigggaggetgagiogeteagecogagetgcige
sigtegagectegagigggeociggotgecaciaccgtacagaggecgtglogogeigss
ctgggocigggtgaccicigictitgcateicigagaaggagicgggtegtaacggtiggeg
tcaggaagaatictgccaagtatctttactgicatictgaccatagecicttigticecgeaticg
aacttitggticttacttigetgetegtttagtecctggggatticagatetiaggetgtigtitcac
celatggpagpgtigatgigagotigeliggagacacacggtgcageatcagggacctice
caggcececcagceaaaticaagicggtctgcagacetctecagetacecgegggaccictigtaa

PDXK

cecatcggcatettccaggaatcegecgagigacttgaggaagatgctaacgeagtaagat
ctgtactgggocaagageagetitgaageiccagagaaccacccegicaggticctigtgga
agclccccicatccgiggtgcageaggetgageactgegegtiigecacgigeigecegty
acagcacattgagecacagcattigtagacaggacagaggeeteccigeccecigecectg
ctggcacatttaaccetigtcocctgaccicagtictgigccccaccaaatgeccagggecaa
gaggocacceiggaagetgecaateticocaaggiggaigiggsacacsaigneeecess
cagcicccaggecctigggeaggeigggeteacggeagaggocacageaccageiciga
caagtcctateateetetgeteageagtgacctecciggecccactttgeecagagitiges ot
ceococaggtatagetataggoeggeagtgoctgicectggectgectigatitcagecacac
coctgeagecotgoatcccagototyggggtetycagaggitigigictecagggaacccac
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ggctzgagagaaataggeagaigeaggaagiggggececalggggoceecaagangeg
gacictecaagggetacceccaccecgetaccttceccacggacggeecectectggase
ccatacectectgigaggecattccagigictictagaaagacicgctigecaggagtecgtt

ctitgttgaaaaatgooctgaagegaaaagatgeaggittatatggaaccoccacceecicee
ceactctcccactetgitcgiicigaatgicticacgagegtucatcagggogoeiggctecee
caccteagecagtgagtcagacacgggtitcgeagecatgtitcctggeteccgaggacacy

getggcaggecegitgeageccagagecactgglecctacagggegeegecacaccage
aggaaggaggatggcigigtocggagecigacggggaggcagccticeccagiatgiaag
tecaggeatcigecagaaccacctggeccictgtagepcgtitaactggaaatacecicact
gcecaagtegagacigggecgtgigecacatigecagecaccagg aaagetittetitiotitt
titititititiaaacaccaagagcacgtatagoatgggggaaagaacctaaatgicicicigice
tgtgagoetggigaaaaacecageatgagaacgeagigicaggtetoogactectictaces

ctgeagtgggtottacgggeggistecectggegagcaagetiigatictigatictitgaget
cgtitcagaggctgagiceccacalcagetitagtictiggacticectgtatiaagcaagaatt
aggagaatggctgicecigeaggegectceegtaaatectgagetctciggegcaatcigaa
ctictetictgtiticiiiggetgtatcagecgaaccaggagaggcectgggeigcgaciaagg
agaaagaaatcgggoettictgagageagatggigcotitgigg otocaggocttiigtgga
aattgtcagecictacggecagagiccggeatococtcoccagactgocigeigtcaaacea
cggagceagetggagocigeccigiceacggoccgtitccaccogggoatgticgicictcat
gacticggcagaggeccciggiggccticagtiicagtiictcatccaggaaggtaacctigg
gcatiggeagiggetttcectatggettggatecagattagaatigatetitgtiticactticeat
agtiaataacatgcaaaataatgagaagaattiatittaaggigacagctataciggiccaacat
cgcctgetiatigtcagggtacagaag titaatactttctiaatccagtitttcagacticteoctgt
agaccgtaaggatgaaticcacaataggatecttittaaaategatittaaatigiigectagice
tgccaaggtiattatgtecateigttatitticcaatacatgtaaacagtigcagealgatgettlg
tttaatgtectgticttaagetcgtiagagecagititg aaacgttiggicitaccgtgaacggag
gotggottagotiagecacgctgatgagtaagigagggatgictccaictigagatcaccag

geaagagagttocctgeaccaggtaagaggecaaageccctgggetaacagieocoace

getaccogaggtaaaacaataaaagctalgiggtigagetcaggecicicgigectiggtgte

agagaaggceagagoccacagltaggtgeacggigcaaggoceigggagggcactggeca
gguaagetootatagatgaocctcagatigegargccecgageagetecccacicigese
giccaccttcoctggetecagecteatictetettiagtttaactatecanagagageagetica
gagtgtictggcagetggagetcttticetigiocitectgeccicegatggggocaccigigic
ggpcagcagtotocatgittatggagatcagaggtigtecccacigigtggctggactgtact
ctgctgoccgggtagecaggagteteteoctetetcecctgecgoctigectggtcteatge e

cotecttcacacaceccticceigtggategectgectgggoccagageaggegaactgeag
ttigtgagigagcagagcaggitatgigeagacagpgaaacgagaacitiggacctggcttt
ctzagiccaggigagageigtgizgocecccegatgecacicigeccgecggagggatois
cetectgagccttitecticcacgecgectetcactgecaggecagcggcticegeigagact
cgctggagagecegeciccegiglocgiccacogageactcagatggatgctgatcaccag
zgcogaggggecicccagaaggacccoaggeccigaagagggtagotgiaggagece
aagtccacigeccggaagiciigicagecctaagecagggaagectggagegigoccigy
cggglctgegiggacaccgtccccactecggacteccageacaggggaggataccigag
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cetgtatggocctgiageectggacagagctgggectgtegtgisticetgectiggraggig
caggteciggecatetgeaggtgeaaggag oty seaatctigoattttitgteittitttg ttititt
tititigagatgaagicicgetctgacaccoaggetggogtecagigetgligaicicggeicac
tgcaaactocgeticctggaticaagiggttcteotgocceagocicecaagtageigggait
acaggcatgegecaccacgcetcagcetgatttitgtatitttagtagagatggggtitcaccatgt
tggecaagetggtoteaaactectgaccicaagigatetigeccgecicggecicccagagty
ctgggattacaggceatgagocagigeacceggeggaatettggaatittiatagacagcace
tcagtitotgaciccageogeacacctccigocicigecageaggggtigecgocagaccay
agccagggccaggitecctgegtccateeccoceggtaggategacgtpagccatecttcta
gooeactitittcagigtecgactegicictgitaggiggtaggagecagtttatgtsgoctaty
ccacgetecacagtgegtpgctggeototaigtetagcetgigicecctgtcoctgeaggac
ccageaggeatcgiggegtgacagctgigiccaagecactgecegggeatcecatecacee
accagggigeacggtetetectgetgggggctitctgicgeatgigigtctectgtcgactely
cagitigtictcagagcagaatgtitecigticicagtgeacaaagacactiggtiticaaicgge
gictaaaaccacgticcigectitcattgeaacacggigtgttcatttgittagaacagtitaatga
ctaagttiagatgaciggicaatatcitaaaaatgiataitagtaagaagticticciggaattitic
tttcgattctggcagaataaacaggigtititagtiticccactgtotgagecaageaggaccect
teccagageaagagalgtececttccatetctgaccetigectgggacaagetitgatggg

oo ge

yogcoccagceticaaggetstggtgg saacageacceccaaatgecagecictectitetic
catccaccagiatacigeggegccatitctggictiigiccaacaggaaacceatticiggiy
ggatatgecitecagigecacagggecactcaccecatgeatetetgicetgecegicagty
clgggacggacagcaagggeaageccagigtclggeggataggligagtegsaacagag
aggegagaatgccgicctaageticigetiggggatcceccacacgaccigggiacigoct
gggaaaccigicctaagtaaaactaiggacciogecicgeccaceggectgegaagecay
catctecgigaaggtegatggaagcgocitigiccicattitgagetgeaageiggeicageg
geictgaagoccteogagtaactiictaacccaagacceageccotggcaggaggaggats
ggtgcagggeiggtggeacaaaaagaggccicageaggcoctggaagaccsticeagtac

o

atcccacagegtgicgagcagetggeagaacctgigicaagetcgagecgicatageicoe
catgaggigtctgaagceccticitggtgatgggaggcagaggtocigacgtictggageat
ggacgtgagtecteagetggetcegogteggeccitggagggigccaggtaigiggigace
tictggatgectttagettcatggeigegicaitectgattiagaactitaagcegagettcaieta
gigatigcaanactggaccaalgggaggacggoggogeagocegeteectocgtggaaty
gagcicageteticggaggcatcaaageaccigicgecicegtggtcecocigelgaggga

gtgcggccicigeaaggticggaagtagcticgtiigoctiggagiggccggecotgcitgty

ceatgiggatgitigtgagocicggtoctacageacigtgtaggeigoateigtitcgigctggt
cotgttgactigtateatatccacaaataaatatittcatggeggtegistisasaaasaaaa

ggaagggecegapcgaacggaagocgggaagecgaticatageicgeggggtacggy
ctggcetggctecttacacceacaiccticiticiciggpaccigggricgcggitacitgggcet
ggceggegaacceitgagigeectggeggegagegggecicgegegeotggageoeee
tgtggaacgaagagaggcacacageatggcagaaaaccgagageeccgoggtacisty

gaggcigaaciggatccagtggaatacaccottaggaaaaggoeticocageegoctgeece
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ggagacccaatgacatttatgtcaacatgaagacggacitiaaggoeccageiggeccgetg

ceagaagctgetggacggagogocccgggotcagaacgegigetctgagatetacatica
cggettgggoctggecatcaacogegecatcaacalcgegetgcageigeageegggea

getteggglcctigeaggiggcigecaatacetecacegiggagctigitgatgageiggag

ccagagaccgacacacgggagecactgacicggatecgeaacaacteagecatecacate
cgagtcttcagggtcacacecaagtaatigaaaagacactoctecacttateoectecgtgat

atggctcticgoatgetgagtactggaccicggaccagagoecatglaagaaaaggectigtic
cctggaagoccaaaggacicigeatigagggtoggoeiaatigtcictiggiggacccagt
agtgeoccticeigagigtotgtatgcggtcigtaactatigccatataaataaasaatectgtt

gcactagtgiceigecatcccaaaaaasasaaaasasaaa

S100P

NM_005980.
2

tgaggctgectialaaageaccaagaggctgocagtigggacatitteteggecctgecagec
cocaggaggaaggtzggtctyaatctageaccatgacggaactagagacagecatggise
atgatcatagacgictiticecgatattcgggeagcgaggacageacgeagaceetgacca
agggeoagcicaaggligctgatgragaaggagctaccaggeticotgeagagisgganaa
gacaaggatgccgiggataaatigeicaaggacctggacgecaatggagatgeccaggly
gacticagigagticatcgigticgiggctacaatcacgicigectgtcacaagtacitigaga
aggcaggacicaaatgatgecctiggagatgicacagattcctggeagagccatggicccag
getteccaaaagtgittgitggcaatiaticecctaggotgagectgeicatglaccicigatiaa
taaatgcitatgaaatea

SNRPA

NM 004596
4

gecggseccaggagagaaagcetitgiggtiiggicicagggaagtageaggegecggtt

HE

o

agagaactacggecctgicggaaggtaacctooggtpcaaacgaccaicggoggcags
gagcggtacecitgecgicegggecticctggaccegictgaggaaactigetgetegag g
ceaggctgectaggacetgicecittittctataciggetoccacateegggititiictocgeg

cggcocticggatgotiggpccaatggpaatcgecatitagggtgeticegeocacegpgt
cgegtagageatcctggaagtegtagiaaatcicicgagagticicicogeacgegggcigy
agaagegeetcctacgeacgotiigtigtegegetitgecteegicctigecectactecege
cttacctgacticctittcggaggaagatcctigageagecgacgiigggacaaaggattisy

D

(e}

agaaacccagggctaaagicacgtitticctcoittaagacttacctcaacacticactecatgg
cagitcecgagaccegecctaaccacactatitatatcaacaaccicaatgag aagatcaag
aaggateagctaaaaaagicectgtacgoecatetictcecagitiggecagateotggatate
ctggtatcacggagoctgaagatgagggaccaggcctitgicatcticaaggaggtcagea
gogecaccaacgecectgegetccatgeage giticocitictatigacaaacctatgcgtaice
agtatgecaagaccgactcagatateatigecaagaigaaaggeaccticgliggageggra
cogeaagegggagaagaggaageccaagageraggagacceeggecaccaagaagg
ctgtgcaaggegggagagecacceergtpgizggggctgicoagggancigicccggec
atgcegecgatgacicaggegecocgeatiatgeaccacatgeogggecagecgecciac
atgoegecccctggtatgatococecgecagacctigeaceiggecagateccacoaggy
gocatgeccocgeageagetiatgecaggacagatgeccoctgeccagecicttictgaga
atccaccgaalcacatctigticctcaccaacctgecagaggagaccaacgageicatgcty
tccatgettitcaatcagitcectggettcaagoagetocgictggtaccegggeggeatgac
atcgecticgiggagtitgacaatgagelacaggcaggggcagotogegatgeocigeagy

gctttaagatcacgcagaacaacgccatgaagalcicetitgecaagaagtageaccititee
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ceecatgectgececticooctgitetgggaccaceectitcocectiggcteageecectiga
aggtaagicececctigggegoctictigeagecatgigteagtgagigetegecacacag
catiglacceagagicigiccccagacatigeacetiggegetigttaggecggaattaaagty
getttttgaggtitggtitiicacaalcaaaaaaaaasazaaaaaa

SORD

NM_0063104.
3

ctecacgetagegecgoccaggeiggoacaaaggaggaagectagicecgeccctgogt
geggoegceticteccaggeeccaccticcatecagigeeciggacccicggetgggtagege
caccagagogaccaaacgiccegegecticcaggeegeactccagagecaaaagageic
catggoggeggceggecaagoccaacaacciticectiggigatgcacggaccgggigacit
gegectggagaactatoctateceigaaccaggeccaaatgaggictigeigaggatgcait
ctettggaatctetgoctcagatgteccactactgggagtategicgaatigg gaatitiattgty
aaaaagcccatggtectgggacatgaagceticgggaacagicgaaaaagigggalcateg
gtaaagracctaaaaccaggtgategtgtigecalcgagecigptgetococgagaaaatg
atgaatictgcaagatgggecgatacaatetgicacciiccateticttctgigecacgeecee
cgatgacgggaaccictgecggtictataagcacaatgeagectitigitacaageticctgac
aatgicaccittgaggaaggegeocigatcgagecacitictgtgggeatecatgectgeag
zagaggeggagtiaccotgggacacaaggicctigigtaigyageigggccaatogggat
ggicactitgeicgigaccaaagcaatgggageageicaagtagtagteactgatetgictg
ctaccogaligiccaaagecaaggagatigg gectgatttagicctecagatciccaaggag
agcocicaggaaatcgocaggaaagtagaageicagetggggtecaagecggaagicac
catcgagigcacgegggeagaggceciceatccaggcegggeatctacgecactegeteigg
tggoaacctegtectigtggeactgsecictigagatgaccaccgtacecctactgeatecag
ccatocgggaggteeatatcaagggegigtttcgatacigeaacacgiggecagiggegatt
tegatgctigegiccaagictgtgaatgtaaaaceccticgicacceataggiitectciggaga
aagcetciggaggcectiteaaacatitaaaaagggatiggegtigaaaaicaigctcaagigty
accccagtgaccagaatcectgatgtiaatgggeteiacccteateeccacagictigggate
tcagggcacaalggotggacatggetgooctctgatgcagaactticictittgaatgttaaga
ataactaatacaattcatigigaacagaagtccitaageagaggaatiggigigecttaaagat
acaatctoggatagitigggggaactigtagecagaatgcccigticatgctgagoaaagiic
agcaagtagagceagagttizgeaggeaggigccaggaactecccticticctggagtgoctt
catigaggaaggaaalciggocctigggtitectggitccacigetactgacccagagggsa
atgagggcigagiiatgaaaagataacticatgaagactiaaciggoccagaageigatitic
atgaaaatetgecactcagggictgegatgaagectigicagcacticcagtitagaacgcaa
tgttictagagacatatiggctattigititgatg ataanaggag aataagaaaaggeatcacttt
cotggatccaggataatititasaccaalcaaalg aaaaaaacaaacaaacaanaaagaaa
igtcatgigaggttaaaccagtitgeaticecctaatgtggaaaaagtaagaggactactcag
cactgittgaagattgecictictacagctictgag aatigtottatticactigocaagtgaagy
accoectococaacatgeeccageccacecctaageatggiocctigicaccaggeaacca
geaaactgotacitgiggaccicaccagagaccaggagegttigaitagctcacaggactic
cececaceccagaagatiageateccatactagactcatactcaactcaactaggeicatacic
aattgatggttattagacaaticcatitctitctggttattataaacag aaaatetticetcticteatt
accagtaaaggceticitggtatotiicigliggaatgatitctatgaactigictiatittaatggisgs
glittttttctggtaagatitagacctaaatcgatcatgecaactigigacttigagactaticate
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aagaatgaggatatagtagecaigacatagetigagetiatagectitaaticctiactitggcetat
gootpsagootsastitgaagageticigatitictiztaacctgggaaagecatgacciigty
cogattcittcagatigeitigggtaataaatatigglg giggtatctgactcatgeigoigtita
tggiceigtitagtpgogaatggacicaggitacccatiicccagaggaaggatcccagga
tititgaag gttacatatttictgtaccaaatataatticattgacatgaattatcictaatectcaty
acaagcecacatacacaatcattitgtagatanagaagatataaatgecagaggagaccttaa
gattgicttacaacacaacccticagttaacgagagagy

STOML2

NM_061287
0311

tccggregagcggaacigeaagaggaaagacicggetaggcetictgggagegaccgetc
cegctogictcgttggticeggaggicactocgucgatgenaaatgciggrgcecacgacy
cggescactggeocccititgctgagesscicictactggcticiggeccgegeiccgegee
gegectecticiggatigececgaaacacegliggtacigitegtecogeagraggaggeotyg
ggtogtogapciaalggaccgaticcaccggatoctggagectggtitgaacatecicatec
ctgigtiagaccggatcegatatgigeagagtetcaaggaaatigtcatcaacgigectgagse
agtcggoeigtgactetegacaatgtaactictgeaaategatggagiectttacctgegeateat
ggaccctiacaaggcaagetacggigtggaggacectgaglatgeogicacccagetaget
caaacaaccatgagatcagagcicggcaaactciciciggacaaagicticeggetzgagy
cagageggcggasacgguccacagtictagagicigaggggacccgagagicggocate
aatgtggoagaagggaagaaacaggcccagaicciggeciccgaageagaaaaggciga
acagataaatcaggeagceaggagaggccagigeagiictggegaaggocaaggctaaag
ctgaagctaticgaatectggcigeagetctgacacaacataatggagaigeagcagetica
ctgactgtgeccgageagtatgicagegogticiccaaactggecaaggactccaacactat
cctactgecectecaaccetggegatgteaccageatggtggcicaggecateggtgtataty
gagecctcaccaaageoceagigocagggacicoagacteactetecagtgggageagea
sagateiccagggtacagatecaagictigatgaggaactigatcgagtcaagatgagttag
tggagctgggetiggecagggagtctgggaacaaggaagcagatiticctigaticiggctet
agetteccigecaagattttggtittiatittttiattigaactitagicgtetaataaactcaccagt
gecaaaccagaaacigtectettigatigggeaatgaagtigggaaagicactageatiticet

tggatccagicctgicageatgaigecticcatgaataagagigaactictigtasagigaaact

UMPS

NM_000373.
3

ctgcagacgaggeaggcggaagaggcgogacticgegegtaacgicatcgoggcgccg
gaggoccggegcgecigggaattigaagcaaacaggeagogegegacaatggeggicg
ctegtgeagetttgaggecatiggteacggpicigtacgacgtgcaggetticaagttigggeg
cticgtgcigaagagegggceiticeicecccaictacaicgatcigeggg geategizicic
gaccgegiotictgagtcagettegcagatatitiaticeaaacigeccaasaatgeaggeaicag
ttitgacaccgigigtegagigecttatacagcitigecatiggclacagtiatetglticaaccaa
tcaaaticcaatgctiattagaaggaaagaaacaaaggatiatggaactaagegtctigtaga
aggaactattaatccaggagaaaccigitiaatcatigaagatgtigicaccagiggatctagt
gitttggaaactgitgaggiicticagaaggaggoctigaaggicactgatgecatagigetgt
tggacagagageagggaggcaaggacaagitgcaggcgcacgggatccgectecactca
gtgigtacatigiccaaaatgctggagattctogagcageagaaaaaagiigatgeigagac
agtiggpagagtoaagagetitaticaggagaatgicitigiggcagegaatcataatggtict
ceocttictataaaggaageacceaaagaacteageticggigcacgigeagagetgecea
ggatccacccagttgeategaagceticicaggetialgrasaagaaggagaccaatotgigt
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ctaictgeigatgtticactggecagagagctgitgeagetageagaigetitaggacciagta
tetgeatgetgaagacicatetagatatitigaatgatitiacictggatgtgatgaaggagtion
taactctggeaaaatgecatgagitictigatattigaagaceggaagitigcagatataggaaa
cacagigaaaaagcagtatgaaggaggtatctitaaaatageticetgggcagatetagiaaa
tgcteacgiggigecagactcaggagtigizaaagaccigeaagaagigggecigoctiiy
catcgggggtoccicctiatigeggaaatgagetccaccggetccctggecactggazact
acactagagcagcggttagaatggcigaggageacicigaatitgtigtiggttitatitctege
tcccgagtaageatgaaaccagaatitoticacttgaciccaggagticagtiggaagcagga
gegagataatctigeccaacagtacaatageccacaagaagtiatiggcaaacgaggticcga
tatcatcattgtaggtcgtsgcataateicageagctgatcgtctggaagcagcagagatgia
cagaaaagctgeitgggaagogiatitgagtagactiggtetiigagtgcticagatacatitit
cagatacaatgtgaagacatteaagatatgtiggtectccteaaagicaciggeiggaaataat
ceaattaticctgctigeaticticcacagggccigigtaagaatgggticiggagtictcate g
ictitaggaaatatigagiaattigtaalcacegoatigatactataataagiicaticttaagetig
ctititttgagactggigtitgltagacagecacagtectgictgggitagggicticcacattiga
ggatccticetatctciccatgggactagactgetitgitaticiatitattittiaatttitticgaga
caggatctcactcigitgeccaggatggagtgeagiggtgagatcacggctcattgeagect
cgacctcccaggigatectcccacctcageticcagattagetgglgctataggealgeacca
ccacgiccatctaaatticittattatiigtagagatgaggictigecatgtiaccoaggetggict
caactectggecicaagegatectecigectcagictctcaaagigctgggattacaguigte
agecacigtecccagectaattgcagtaagacaaaaatictaggecaccaagaggeiaaay
tcagcacagetitictigtgtoctgtaticicigictaatgigtigcecaaataatacctaatigita
gcecattececiccateiciggoctaaaagigatagiccaggiatccacatggactagiiceca
gaactgecatigetoacictccaaagaggagaaggigggraagggaaaggteactatage
tcageicctgagetagiatciggetgitalticaacaaccggagtigeggttigggctcatititt
cocctagecagceaattatggaccagtagtaacacaagigacagcticctgigactgacticac
aattaggaggictaagaticcatitgggtatitgctiaag gatcccacataatigicecaacggt
cattagtagagggeagetaagecticattaataataaagagaaageccacaticaaggtogt
gtltgageaggggcagegtgaggectgtoceggigeicatigeaccageacacicacatic
cticteattiggggccecaccigeaggaagiggcacaggalcagocatiiccocacecttgica
getgatggcccacigtictitagtg actcagagg aatgectaggatttiitititittiigagacag
aatctcactgicgeccaggetggagttcagtggeacgatctecggetcactgeaactictgect
cteigglicaagoagtictectgecteagecticccgaglageigggactacaagectaggatt
tttaactcagg titttattataticectectgaagttitiacticaagagceticigeictaaagtccaa
titggocticatgicoccagiactgeateiccagggaaatecigtctatigagagagaccaact
ctcaaggaagaagtggccacagaaggageaggaaggeagtizgcectcaggectactet
ggooaagcecaanagicalgaaggg sagaagaattttcigacaaaaacitgcaggaatetctt
aggtgtcticagtgttgg agivatatgitgagagoceitiggagteaigtecigaggicicagy
cgeccacciecctggctgicacticeaigtgicagiggticicccactitageaggtatcagag
tcacctggagtetigleaaaacagglaccagocecacceegeagegtitcigactcigggtag
cteigggatggooctigagaattigegtitcoaaaaaggteccaggigatgetgeggtigect
gcgeaggoaciggacttigagaaccacticactggtiaticacatiteigecicigeagigaga
cagecttgaggitctgectectgetaagagicacatgetcctgtoctitagaaatgtggectect
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gecaicicoaggacgeaggeacigticotgitgatgaaccciafticacaggaccectgotaa
goteatiteagossanatgagaggagecicaaataatcacccageccetgecactiaciga
aagigtagglcctigigeoceacaccatcagagiticigegtiageagatitgtogitigocea
geagectgguogtgtycatiictagtgggteccicaagigatctgtitctg atttgtatttctatiy
tgaagagtcagececagtacigeaggecictiacctaageagaatcecagictggoatcaaag
ctitagageacaagttgaticaggcagagaagaactigggciatacaagegctgticticage
atigaagtatitiggaggcattagatagtitaaccctitcteagicaaggaatatitacagaacat
gatctotgggceatigtaactceiggicitagteg gpaatatagggacoccatgictocatgg
gtocacagaatgtcigtgagactgatggagtegagaacgecateccecageciciccaget
actcgagecaticigtagaacataageccatagatigigtegtoiotetgivtotototoistotls
teteigtotoigcatgegopcgogtacgoactggaggaacetaagaaactattiggigeactt
cotettattiiagagetcecaaagtgiagetccagaategtaaage patatgeicagtcteaca
goecagcctgiggatetecagicecaacacteacectigtgetactgagicagetctaagaaaat
ctgecaaaagtaggecgaggectggtittttgitttgtitigttigtitgatacagggtcticactot
gitgcccaggcetegagtatatcatggeicacigeaacctigactigggctcaagegatcegot
caagtagctggaactacicicaagtagetctcaagagectcicgagtegciggaactacagg
cgigcaccaccacagcetggtiaatititaaaatttitigtagagacggtggaggagotictcact
glegacicagiglgigecegacageagageccacaccactecagtigeagiggtigecalciy
gelcatcagacciggotpicaggggtpcagecacaggagagocaacageagagggtigct
ggccectgasctageigctaatgetiggocigggigeagtictcatccaaagiacecegiggg
tggoagicactcagtaccagticegageetigaacceaaactcicgigitictgctcacecctet
ctggcticigocaccacalgggaagaatatgecctggitageccatggcticigaagageaa
gagaaagiagageagagectactecagocteccocgiceaatgtatgaaagocoecagetga
ictgtaagectgggagcgigataaatgeitagtagigeaigecatggagitccagggiggtit
attacacggcaatalctagctaaatacattiaactigetgeageictctggatecagectggtila
craggaagacaaaaactgggoiccaccaggaaccagicticigecticccaaccatcacct
ctggetgeatcagegatetcteccagegaaatagetgotiggtctigtgtgaatecigtacttia
acacagiggaccaagigtcagtcatigaaaaigaccatgagtaaccctgiggactctetgea
gettggttectitgececttaacaggteggtatgaategtgtcticagigocagggcigaatga
gaaagggcaticeititigaaggaatcigatactaaacacaaageatgagaasaatcaggact
tuttegagttatatttitaaaatatatatitiaacagttatatatatiagatataatatataatagtatat
ataaataatactatatigeccaggctggtctegaacicctiagetcaagigatectcetgoetty
gottcecaaagtgetlaggattacaggtgteagocactgeteccggectgtiggagtictitaca
ttiattttataatcaatgoigttitattaaatgeggatitiatitiggattacaggatytagaatycca
tatitiictiagatcatagggoctticacattigtaatitggectigtateagtiaccetgeaatece
titgtiticcccataacecticcaaaggaagecegcaatagaaatacaaagaganacaaaata
attagaatatittitaactictaaagticaaggtittggeataagictggitiagaagcacatitgee
tagecctitecticecaccaagggogaaagiciiceictagacaagaggeagagggctecic

agagtcagalcotggteigogctcicacgigeigetgctgaatcccagggaagragggag
gaaggecagtigacacccaaaataagggisggeoaactgicagcagaggaggtetglgica
tatttticagegoigpogiigreggragcccaggagageaggaagatccagagateccte
geoccagoteggecatgigigictggracagagestgaggiggcctgageticetgigget
coagagtaacattatagagaagetigaaticiectgtititcigaaaagggeatgggagttaget
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gagaagcagacctggtegecctzagagictcaatcgtcaggtaaggacagtcagigggaa
giggacggeecgcacaaccaaggiictcatgaggacaaccatgicticgggootocectiy
tgcacagacagciccatagicectgectecaatgtcccaacactgeatigicicecigoacttag
cageecigeagggteagacitggogaggatccigaaatgatigiatitaacaagacatgolyt

ctigittacciggaacctageaatgtigtitictgecacaactigaatagataciigaagcaga
gatgatgttgagtiaaaaaaaatatatacataaaaatatggegiictiticaaccigaatagateg
cotaaaaattcaaa

MORFIL]

NM_001265
603.1

cgECelaccolgeaacertaregacacagaegcgcatgogogaceggcigiopitaec
tggagcageggctgogcgggtcgeggtectginaggtcigegggcgciggoaaatccgy
cocaggatgtagagetgocagigectgacgecgegictgacgeggagitgeelgopotas
agaglagggeocggtagicggoogtogtposagaaggaggagecggcgaateacttata
aatggegecgaageaggacccgaagectaaaticcaggaggtiggratgaatpggticeg
sagageagagtacicaaatacgiugacaccaatiigeagaaacagegagaacticaaasagy
ccaatcaggagceagtatgcagaggggaagatgagageeoctgccocagganagaagac
atctggictgcaacagaaaaatgtigaagtgasaacgagaaagaacaaacagaaaacacct
ggaaatggagatggtggragiaccagigagaceccicageciocticggaagaaaagggc
cogggtagatectactgtigaaaatgaggaaacaticatgaacagagtigaagitaaagtaaa
gattcctgaagagetaaaacegiggotigtigatgacigggacitaatiaccaggeaaaaaca
getctittateticetgecaagaagaatgte gaticcaticitgaggatialgoaaatiacaagaa
atctcgiggaaacacagataataaggaglatgcggitaatgaagiteigecagggataaaay
aatacttcaacgtaatgtigggtacccagetacictataaatitgagagaccacagtatgctea
aattcitgcagalcatccegatgeaccealgicecaggigtatggagegocacatetectigag
attattigtacgaatiggagcaalgttggctiatacacctetggatgagaagagectigetitatt
ctcaattatcticacgatitcctagagiaceiggcaaagaatictgeaactitgticagigecay
cgattatgaagigoctectectgagtaccateggaaagetgtgtgagaggcacteteacteac
ttatgtttggateiccglaaacacatititgticttagtctalcictigltacaaacgatgtgcttigaa
gatgttagigtataacaatigatgtitgtittctgtitgatitiaaacagagaaaaaataaaageg
ggtaatagctoctittttcticiticitittititticatttcaaaatigcigecagigtiticaatgatgg
acaacagagggatatgetgtagagigtittatio cotagtigacaaagctgetitigaatgeigy
tggticlattectiigacactacgeactitttataatacatgtiaatgctatatgacaaaatgctetga
ticctagtgccaaaggiicaaticagigtatataactgaacacacteatecatiigtgeititg it
tititatgetoctisaagtaaagageccatectitgeaagtcatccatgtigtiacttaggeatiita
fetiggetcaaatigitgaagaategtegctigtiicatggtittigtatitgigiclaatgcacgtit
taacatgatagacgcaatgeatigtgtagotagtittctggaaaagicaatcititaggaatigitt
ttcagatcticaataaattititcitiaaatticaaagaacasanasaaaaaasas

MRPLIY

NM_014763.

L3

glagtctigacgigagetageiggeatggeggectgcatigeagegggecacigggctaca
atgggcctaggccggagittccaagecgocaggacicigetcceocegecggectetateg
cetgcaggetccacgegggecctgiceggoagcagagcacigggocitecgagocoggt
gegliccaaccgeegocgaaaccggicatcgtggacaageaccgeocogiggaaccsga

cgcaggticttzagtcetaattcaticoicgaaggepaagaacagatcecicigaaatticaa
atagaaagaaaagalalgtiagaaaggagaaaagtaciccacaticcagagtictatgtigga
agtattcticgigtiactacagotgacecatatgeragiggaaaaatcagecagiticigggga
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titzcaticagagatcaggaagaggactiggagetactiicaicctiaggaatgitatcgaagg
acaaggtetcgagatitecttigaactitataatecicgggtecaggagaticaggtestcaaa
ttagagaaacggciggatgatagetigelatactiacgagatgoecttcotgaatatageacttt
tgatgtgaatatgaagocaglagtacaagagectaaccaaaaagticcigtiaatgagctgaa
agtaaaaatgaagcctaagocctggictaaacgeigggaacgiccaaattitaatatiaaagy
aatcagatitgatctitgtttaacigaacagcaaatgaaagaagctcagaagiggaatcagee
atggctigaattigatatgatgagggaatatgatacticaaaaatigaagetgeaatatggaag
gaaatigaagegtcgaaaaggtotigatictgagaatgaatitggttagitgcagaagatacat
tegctctaagaggatatattite agaccaattiaatitcatitataagaacatagtaatiaagtgaa
ctaagcaticattgititattaatactitttitctaaaataaaacttgtacaccagttiatiacictaaa
aagagaattacacatgccaaatggaccaatgtecattigeitatigg aggrasagctacaala
gaagicagagcatcaccagaaiggictitaatgageatggaacctgageaasagggaatagg
tggoatgaattittitittaatictg aaacaaticataageacaatatgattiacagaataataaac
attcatgtacceactatcaggtiaagaaatagaacatitattaatatgltaggaateitaagaaata
aaatatcatcttgacttgitaatiaticecttgcatiicititagiitacigecaacacatatattetic
aacaatatatttaatittganaaaccigaaaaaaaaaaccigttageaagtataaagggocagt
attactatialtgcatgaaggcticaagggaaacgttacagicttigggicatagtictggetica
gottectotgagagtitacagaggecaatitigageaaaticatggetaag gitatpagigagit
ctgetaaacagaaggcicaccacaaggtatetuggeaggatiatacigogtagotggatuity
cagaaatgtegttagageaagtaaactgtittitgatgetcacageatgatgaatcaaactetgt
atcttaggattaggttaaaacaatacctitggtatgalatgagteitgitgctgalccalgoagea
tggatizeaaagctgggetataageacacatgctasagaaaaacatgtaattiggiceatact
cacciggatatacigticctcaggtiaaaaaatacagtactatectaaaictigaaggeaactct
cagcclatceatigagttaceticagalcigeectictggticctagetgictigggactaactict
tticctgogetcagotgttttotggaticcatgitttecattttatigagtactaacitgitiigetgea
goacafcctitggtagetictagaggaagitigtoto gagotaaaatitttgagacctigeatgt
ctcatgittgatigatacttiatacgtitaggtaggaggtaatittceticag gactitaaaaatatt
gttgciccattitctitgttictatigitglatigagaaatccaatgocatitigatitcoccalcataa
atticatgatgaigtgtotiggigtoggtctatatttatecatigtatiggpititaggig aacoeit
ccagatagtaacicattictgicagtictgggaaacactiageatiggtigatgattiatictetge
tgetttgiicteccaactatiatitggatgitggatatccageactggetatctatitictiacctce
cteeotigaccecagtctetgttttitagetctitageteaatcticeaactctitgclatigtatitta
aaatcttaagacccctictigatitgtagaagticctiticitacaaccaaaaagectttaictatg
gatttgticacagataaggpotaticaatatagigtatitititticaittaaaatigitigegeatet
atticctecaaatticttictgtatitattitttg tie ictatatitcagactittccag gatatctgataa
teitiggetgictictiatggitgaaagagggaciaaaaagetiggaaagoecitiggetigigeg
aaggggcteictitaggatiaictgaatggectititigg gagtceccicctccacatgaatatit
tzgititgicagaticcctagaatagaggceticcaatciceticctggaggagtetigiccagga
aggagatigictaggegtotgicagacageagoetttcagetacitectigatetitttcactaalg
attatatagtcatctaactacigicaacaagtaatagatatectalccticacttgtitagatiatily
ctgagataacctetcaaaagaaccictcaaaataaaaggtiaacaagagectatatcttataitt
tictictcittatcttigitagaagatagctattaaaacctgticittttctgtctigataaacacactic
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aatctiggtagaatggtagatgggacagtatatittaggacctaaageictgcaaatetatgat
cagcetigtaagtacaggoigetcaaaaacatgtaaacaateatgctittiacicigtag gaatate
titaaaattctigtgaatiiticeocagaagtaaagcaaalcttcceccagaaatlaaaattiaaaty
tgcataatctaaagettitititittatigtg gtaggatatatatataaaacataatiigecatigtaa
acattttaaatitacaagtcagaggcattaatiacatcacaatgtigtgaaattattactactatitc
caaaattttctcatcaccecaaactgaaacictgtaactgtigageaataacctcaticcigtaic
tetcccaacoccaggtaaccicaaatettictitttatctitgagacaaggicicatictatcactc
aggtaggagtgcagtggtgtoatcatagetcatigeagectcaaaatectgggcicaageaa
tectecttgagtagotaagactatag gcacacattaactgegocigectgatitigtititigtag
agatgtgetctigctatatitcecatgetggictigagticctegectecaageagicettaagatt
catcoatgtigtggcatgigtcag aatitcattigtititatg actaaataataticcatigtatgtal
atacattiigttcatccatctictgatgaacactgggatatgictacettitggetatigtg aataat
gctgcagtaaacatigacataacaagtatgtatiigatigectgtttctaagticititgggtatac
atcttgagtagaattgclagataatgicatgiittatiteictigtgatticticticgalcccctggtt
gagtztgtiaatiictacatgtitatgaatiicccactgtittitigitattgatticcaagticaticca
tigtgatiagagaagatacitagtatgatittaatgititigagaatiggigtetgocctigatagat
getotgtcotggagaatgticetcatacactigagcaaaatatitatcatgetatigtigactsta
gitttctatatgtotottaggicaaggtggtitacaalgtgitaaggticiciitititaaaaaaaltitt
goacagagtatcititictatgtaitecatgtatitgigtetitggagctatagicictigtagacag
catatcactatctigtitigtitigtititictgtecaticigecaatitetgecttitgatiggaaaatit
aatccattigeatttaaagtastiaaggaaggacttictictaccatitaacactictictatatgic
atatactitttiggececicatticetetitatggecticititctgitittitgtagtgaactagicigat
tetctticcactececttigtgtatatttgitag atgtitiatitgtggttgctatygogattatagtia
acatcctacacttaaaacaatctaatitaaactgataccaatitaccticaatagcatacaaaate
tetacicetgtaaageictgocectgecceccttatgitatigatg goacaaattgcctaataaat
aatttatagttatitgtatgagittgtcititaaatcattiagg aaataaaaagtggagttagaaaac
agtatgatagtaatactgactittatattigtcaatatatitatctiatittg g atceitatitcattatat
agattigagttactgictagtgeccttccatitcggeccaaaggattcecttatgeatitettgea
ggecaagictaattglaataaactecetcagctitigtitiatctgagaatg icttgatitctecctt
attitigatggataattttgecagatacatgaattitiggtaacagtatititctitcagcactitaaat
atgicatcccactaccitctgacticatggiticicatg ag atattagatgtiataaaatitgagea
ticcteatictigatgagtcagtictgictiattgcttiicggattigetcagettitgictiitgacag
titgatiataacgeggeicagigtgggictetgagtitateccactiagagiitgitgagitictig
gagtcatagatitatgicititatcaaatttiggacatatitggctattatttcticaatitititcacty
cticttictittcctictgaaatatictiaatgtataigtiggicigtiigatgeigictcaccagiiictt
aggcigtoitctctitigticctcagactigattatigeagttecoctictititatittiticaagitist
tgaticttctcectgiteagatcaactgttgaaciceictagigaatttatitcagtiactglactitt
cagctccaagatttatcttiggticctititataacgtctgigtctitatigatatictcatittgticat
atgictotitcticetitagtictiigtcoatgititectttagetctitgggcitatitaagacaatigtt
taaagictitgeatagtaagiceaatgicigtgtitettcagggatggtittcattatitigtiticaat
gagcecatactitectgigictitglatgoigicittiigtigtig aaaacigtatgiitgaacatcata
acgtegtegccotigaaaatcagataticeocccticoigagagitagtittattttiatiatigaag
atigtagcagtctatigctacatgtgcagicatiiccaaaciattittgeaaagacigtaticctict
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gigistcatcactzaagicictgttectiagtitaigtitaatagtttgacatagatticctigaaag
gagttaanactageagaaaaatcteteteccagietitecagtettigtagatigatictatgety
gectittccattaatactiagecaggcetigtactgagectaacaalcaggeccaaaagogtag
ggictitgcagatctigicigageatgcticttgetgigtatgoacgtagttiictaaateicectgt
atgigeigttcaatattctaatticccaaagaaacicetiigeagetitttctcacagaacatagat
getitittiggatatetigaccatagictitcgacccaggtgitigecggitgttagticaccttacact
titttcaageatigectactgettacgatg agigetetgtcaatecttiaaglageccecagacag
gotaccagagacitaaacaagaattigtaagticigeicagoticotctagaaatggggaicag
getccaagacagaatgcagtigetgatticaagactgctgcaacaccaggegagctigigse
ggaaggecaagcagaaatgicacaaagcttictigecattitaaagtigectigtictigacica
goattigettcatigetataaacttitiactgititicagagticigataaaatiggctatgecttic
ctgctitasaaaatatatatatatitittagggatizgogicicactatactigaccaggetggictt
gaactictggecicaagecatecteteatticageticecaasagtgcigeaatiacacgegiga
accaccacacccagoeectgetigittticaatgtgectaciceaccatgtigeicaagtatgta
tattitctaaactacciigtagtgtigtyateggaaataaatcccigagectitigaataactcag
agagatcaaaaacitagtitatcctaticgaaggatiagagaaatgatataictitcacttiticag
ggataggctecicattagaaggcetoctatgigecgatgoigtacaagacatitcattictettaat
gittacaacaagcetiigligecaaggctgatetigaactectggocicaaacgatecteccaget
cagicicacaaagigtigggatgiciggecaactaatgactatcitaactetigtgtticaalgtit
atgecticttitatctigactgatigtaigactatgiciictagaacaatgitgaacagaaaiggig
agagcagacatectigetttaatatiicaccatiatatatgatgttagetatagatittictcacag
atgectittatcagatigagg aatttataticctactiigecgaaaggitittglagtategageg gy
tgcigaattitgicaaacacttiticggtaataatigagatgatiggticigeagicatcgagatgt
ggattitciccttiatictgitcgigagigatiacactggiizgactaatgitaaaacaacctiactit
ccaggaataaaccetattatetittitataca

PSMC4

NM_153001.

tgegoglacggacagogeatgagetiatgtigaggacggageccagaccageocticgic

ctatcetgeccitecageacctctcagecgtaacttaaactacacttcocagaageciccicag
ccagggacticogiigtcgicageggaagogaigacagaicatoecaggecacacagagg
ceggettggtcactatggaggagataggcatctiggigagaaggctcaggatgagatece
agcacigtecgtgicecggeeccagaccggeetgiccticetgggeectgagectgaggac
ctggaggaccigtacagecgcetacaaggaggaggtoaagogaatccaaagoatcocgety
gicatcggacaattictggaggctgtggatcagaatacagecategtgggetctaccacagy
cteccaactattatgtgcgeatcctgagoaccategaicgggagelgelcaageccaacgect

cagtegcecciccacaageacagceaatgeaciggtggacgigeigocecocgaageegaca
gcagceatcatgatgetcaccicagaccagaagecagatgigatetacgeggacateggag

geatggacatccagaageaggaggtgcgggagecogigeagctecegeicacgeatitcg
agotetacaageagateggeategatceccocogaggegtcetcatgtalggoccaccigy

ciglggpaagaccatgiiggecaaaggogaigacacaicacacaacagetgeaticatocgg
gicgtggocteggagtiteiacagaagtatctgogigasgoccoccgeategiccgggalg

tgticegectggecaaggagaatgeacctgecateateticatagacgagattgatgecateg
ccaccaagagaticgatgeicagacaggggcegacagggaggticagaggatecigoigy
agcigetgaatcagatggalggatitgatcagaatgicaalgtcaaggtaatcatggecacas
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acagagceagacaccetggatceggecoctgctacggecaggacggctggaccgiaaaatig
aatticcacticetgaccgecgoecagaagagatigatttictccactatcactageaagatgaa
cetetetgaggaggtigactiggaagactatgiggcecggecagataagaiticaggagoly
atattaactccatctgicaggagagtagaatgitagctgtccgigaaaaccgctacattgicct
ggccaaggacticgagaaagcatacaagacigtcatcaagaaggacgagcaggagcaty

agtittacaagigaccottecctiocctocaccacaccactcaggggctgggactictotege

accoccageaccicigicocaaaaccicaticectittitettitacccaggatiggiticticaata
aatagataagatcgaalccattiaatitctictiagaagtitaactocitiggagaatgtgggcctt
gaataggeatcctctgegicecicttaateigacagatgageagacgagatgcatggocisge
ttgcagcettgagagaaccaaaataticaaaccagatgacticcaaaatgtegogaaaggoat
ggaaaatgaaccigagatggagiccitaatcacgggataaageccigtgeateteccteattt

cctacagetaaaagacagtaangaaaticaggicacaggectigopagitcataggaagga
gatgtecagigeigtecagtagaacttt

St341

getcecggaagigcoccagicgtacottcgeggecgcaactegeicggeegeegecatctt
gegagetegtegtactgacegageggggaggotgiciigagecggeaccgeicacegaca
cegaggcggaciggoagerctgagegicgeagtcatgeoggocggaccegigeagscg
glgcocccgecgecgeccgtacceacggzagooraaacageccacagaagaagaageat
cttcaaaggaggaticigoacctictaagecagtigiggggattatitacectectccagaggt
cagaaatattgtigacaagactgecagcetiigiggecagaaacgggccigaatitgaagota
ggatccgacagaacgagatcaacaaccecaagticaacttictgaaccecaatgacceetiac
catgectactaccgecacaaggtcagegagticaaggaagggaaggctcaggageogice
gocgecatcoccaaggicalgeageageagoageagaccacccagrageagetgeccea
gaaggiccaagoccaaglaalccaagagaccategigeecaaagagoctectectgagitt
gagttcatigctgatecticecictateicagecttcgactiggatgtg atgaagctzacggcetc
aglitgtggocaggaatgggegecagtticigacceageigatgcagaaagagcagegcas
ctaccagittgactitcicegeccacageacagecteticaactacticacgaagetagtggaa
cagtacaccaagatctigaticcacccaaaggtitatiticaaagcicaagaaagaggctgaa
aacceocgagaagititggatcaggigtgtiaccgagiggaatgggecaaaticcaggaac
cigagaggaagaaggaagaagaggagaageagaaggageggeiggcctatgeicagat
cgactggcatgatitigtegte gtpgasacagiggacitccaacccaatgageaagggaact
tecotecococaccacgocagaggagetggargccegaatectcaticaggagegctaty
aaaagittgeooagasigaggaagtivagatgoagotcgagtctgatgageaggateaca
aacaggagaaggcggaggagectecticecagetggaccaggacacccaagtacaagat
atggaigaggeitcagatgatgaagaagaagggoagaaagigcccecaceecragagac
acceatgeciceaccictgeccecaacicoagaccaagtcatigteccgeaaggatiatgaice
caaageciccaagocctigectecagecectgetecagatgagtatotigigtcecceattact
ggopagaagatccecgecageaaaatgeaggaacacatgogeatiggacitctigacecte
gotegetggageagoggaategeiccalccgigagaageagagegatgaigaggtgtace
caccaggtctzgatatigagageageitigaageagtizggctgageggcgtactzacatetic
gototagaggaaacagecatigetaagaagatcggigaggaggagalccagaagecaga
geaaaaggigaccigggalggecacticaggeagoatggecoggacocageaggetigeoe
aggccaacatcacceeiccaggageagattgaggecaticacaaggocaaaggecigise
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cagaggatgacactaaagagaagatigeccccageaageccaatgaaatcectcaacage
cacegecaccateticagecaccaacatececageteggetecacecatcacttcagtecee
cgaccacccacaatgecacctccagticgtactacagitetotecgeagtaceegicatgeoe
cggeocccaatggcatctgtggtecggetgeocecaggcicagtgategooocoatgecye
ceatcatccacgegeocagaaicaacgiggtecceatgocicccteggecectoctatiaty
goeececgeocacececcatgattgtgecaacagectitgigoctgetecaccigtggeace
tgtcocageiccageoccaatgeococtgigeatococcaccicecatggaagatgageee
colccaaaaaactgaagacagaggacagectcatgecagaggaggagticetgegcaga
aacaaggetccagtgiccatcaaagiccaggigeccaacatgeaggataagacggaateg
aaactgaatgggcaggtectggicticacectcecactcacggaccaggtetctgicatiaag
sigaagaticatgaagercacaggeatgectgoagggaaacagaageiacagtatgagggt
atcticatcaaagaticcaactcactggcetiactacaacatggecaatggegeagicaiccac
ctggeectcaaggagagagecgeeagoaagaagtagacaagageaaccigeigtcaagt
cectgecattitgecteticcigteteccacoeecigeeccagacccaggageccocotgagy
ctitgecttgectigeatattigtticgeicttactcagitigggaatticaaatigtcctgeagaggtt
cattceectgacectitceccacatiggtaagagtageigggtitictaagecactotetggaat
ctetttgtgitagggicicgatitgaggacaticatttcttcageageccattageaacigagag
cocagggatgtectacaggatagtttcatagigacaggiggeactiggctaatagaataiggce
tgatattgicattaatcattitglacciigacatggttgiciaataaaacteg gacectictigiga
aatcagitaaataagactigtctoggicacctgigecctatccagacicgaggeagiggtaac
actgeacagtgetatgiggotictctltigaggatttttegotttigtaactaaatictigctgeecte
atactititatgtattagaatcataticgtattgeccttitasaacatigggatecicecaaaggoct
gcoccatgtatitaacagtaatacaggaageatggeaggeaccatgcaaaccaaggatgga
tggtgcagicectgtatcagigggeggtggtiiceigetg gociggaaicacicatcaccigat
tgatiggctetgtggtoctgggoaggtecctcataggigigtegatatgatgacgtitctitaaa
atgtatgiaittaacaaatacitaatigtattaaggtcatgtaccaaggatitgataaagitiaaat
aatttactctctactittatccattitatccatittaactcatgtaatecteatgigagtaticctgitia
acacttgagtaaactgaggeacagagaacataagtigeatgccatagicacacacigtgaaa
gitgaaaagagaaigigtocaaaacacgicacagtoctiggtitctgagtasaggcaggctgtt
atctttagaatcaagcetalcacagggagataggcaatgctotoggigtiggaggaagpigag
agecigtigotaacaatitcctggtiitaaagetaaggctgattitattgggaagaictcacaigt
gigtegocecigagagticccagtgectitiatiigeagtecticeattiggacctectagetge
cecatcaggteatciccagggetcagaggggtgagaccatiicecaaggtcacagaaccag
ctetctagicaccaccectgectetocctetcaccecagagicagtaccagtitiatggcttiatiac
aaactgceigggtcccicecatiticaactigatigatg ggatgtcatecctiatccigtetgacat
ttgcctctggoctggtigetagaagtitecoccaggggcaagagitgasatiiggeticetgag
gtgggcitigtogtiigegicoctaaagigageecactactggtigetigtecatggecaacac
cagaaatccectgageactacctgggtctcaticcaagaaggaagaggeicageagacceiy
gguagtcicataticcaagtictictticiticigggagcagizugcagticatggtuitagooc
actcaccoceacagactggcaaacectgeaggacticegiggetgaggetgigacegeag
gocaggaatgoegitggglogatigigagigaatgpgcoctitgagetgeccictagagage
aaatccagiitectggagcetcctgaatgaatatctgtaciggeicgeicagatgcagaagoics
attgaccatgaggectigtgaacatcagtggecacaggeccagigigeigetiggeactgea
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ctagittaggaccigeagoatgtaggtagegtectagigtitataatacaaagctgeictigeac
agcettttctgatictictigeaatetectgaggatiateigecceattittaanacgaggiggaata
cecaaggtcatglagecagigagtectciggaaagecaaageageicatoccticoigggg
accacactgeicigetocaccagaccacactatgaaalaggaataagiyctectigiigeagg

ctgeigggaaaacaggiegigtegoactiaagicaccataattitgaagactigeaigeaga
geoctecaggaatigiagacattaaggaatticactticagttctacceactacttaagtacitgt
catgtactctiagaggaggecagtaatgatcagaaccattttactitaaaatiaataatatigtatt
agagaatatattaaatggttataitgggtiaigtiaggatatatactigaatggaaatacaigtact
attagcaatcatatttcatttatcectgtaatiag acaagaaagcataatatageictacicatgg
gtacacataccagtgtataagatitttagaagtttacttittaaaaataasagcaaaatgtaagat
cttasazaaaaaaaaaaaaaa

PUMI

NM_001020
658.1

agiggeccgecaigligicggagtgaaaggiaagggueagcgagagoyccagagagay
aagatcguggeguctgaaatccatcticatoctiacegetccgecegtgitggtogaatzageg
ttgeatgivtcttgaagagaanageagigetitggeaggaciciticagecceccacctgaaac
atcaccctcaagaaccagetaatcecaacatgectgtigtitigacalciggaacagggicge
aagcgeagecacaaccagetgeaaatcaggctctigeagcetgggactcactcrageccetgt
cccaggatctataggagtigeaggocegticecaggacgacgetatggiggactactictitca
gaggcageatggteagcagctigeegraggagsaagtgeaggageogectataataata
geaaacalcgatggectactggggataacaticatgecagaacatcaggtecgitccatggat

gaacigaatcatgatiticaagcactigeictegagggaagagegatgggagageagetctt

gccagotaaaaagtittggraaacagatgaatccageaaagatggaccaaaaggaatatic

ctgegtgatcaatggegagacagtgectggggaacatcagatcaticagtitcccagecaat
catgglgoagagaagacciggicagagiticcalgtgaacagtgaggteaatictgtacigic
cecacgatcggagagigegogactaggcgiiageatggtpggagtatgtgtigagcicatee

ceggecgaticctgictaagaaaaggaggatitggeccaaggeatgcagacagigatgaaa
acgacaaaggigaaaagaagaacaaggglacgtitgatggagalaagotaggagattigaa
seaggageetaateigatggacaagaccaatggittaccagtgcagaatgggattgatgea
gacgicaaagattitagecgtacccctggtaatigecagaactctgetaatgaagtggatotic
tggotccaaaccagaatggtictgaggoctiageeccagetgaccageaccaatggigccaa
goctgtggaggalticiccaacatggagicecagagtgtocectiggaceocatggaacaly

tggocatggagccicticagitigatiaticaggeacgcagglacctgiggacicagrageag
caacigtggeactitiigactacaatictcaacaacagetgticcaaagacctaatgcgetiget
giccageagitgacagetgeicageageageagtatgcactggeageigcteatcagoege
acatcggitiagetcocgetgegiiigtceccaatecatacateatcagegetgeiceeccay

ggacggaccectacacagetggatiggctgcageagegacactaggoccageigtegtce
ctecaccagiattatggagitactecciggggagtctaccecigocagtcttiiccageageaage
tgocgetgeegetgoageaactaattcagetaatcaacagaccacoccacaggeicageaa
ggacagcageaggtictecgiggaggagecagoraacgicctitgaccecaaaccagaac
cagcagggacagcaaacggatcecctigtggeagetgeagcagizaattctzecctigeatt
tggacaaggtctggeageagecatgecaggtiatccggtgtiggctectgetgettactatza
ccaaactggtgeecliglagigaalgecagpcgegagaaalggictiggagetecigticgact
tgtagetcctgococagicatcattagticotcagetigeacaageagetgiigcageageogc
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agcticageaaatggageagetogigeicttgctggaacaacaaatggaccatticgeccttt
aggaacacagcagecicagecceageeceageageageceaataacaacctggeateca
gitettictacggeaacaactcictgaacagoaaticacagageageicecteticicccaggg
ctetgeccagoctgecaacacatectigggaticggaagtageagttctcicggegecacce
tgggatccgocctigoaguottiggaacageagiigcaaactecaacactggeagiggctc
cegecgtgacticectgactggeageagtgaceittataagaggacaicgageagoetteace
coecattggacacagtitttataacggectiagettttectectotectggaccegigggeatgec
tetccctagicagggaccaggacaticacagacaccacctecttcectcicticacatggaic
cicttcaagettaaacctgggaggactcacgaatggcagtegaagatacatetetgeigetee
aggcgetgaagecaagtaccgeagtgeaageagegectecagecicticagecegagea
goactetitictettectctegitigegatatgg aatgtotgatgicatgectictggraggagea
ggctittgoaagattiicgaaacaaccggtaceccaatitacaactgegggagatigetggac
atataatggaattticccaagaccageatgggtecagaticaticagetgaaactggagegty
ccacaccagetgagegocagettgicticaatgaaatcctecaggeigectaccaactcaty
giggatgtetttggtaatiacgicaticagaagticiiigaatiiggcagictigaacagaagclyg
gotitggeagaacggaticgaggecacgiccigicatiggcactacagatgtaiggctacegt
gttatccagaaagetctigagtttaticcttcagaccagcaggtaatiaatgagatggticggg
aactagatggecatgictigaagtgtetgaaagatcagaatggcaatcacgiggticagaaat
goattgaatgtgtacagocecagictitgeaatitatcatcgatgegitiaagggacaggtattt
gectiatccacacatectiatgactegcegagig aticagagaateciggagceacigicteecty
accagacactecctattitagaggagettcaccageacacagageagcetigtacaggatcaa
tatggaaattatgtaatccaacatglactggageacggicgtocigaggatasaagoaaaat!
glagcagaaatccgaggcaatgtactigialtgagicageacaaattigeaageaatgtigty
gagaagigtgttactcacgectcacgtacggagegegctgtactcatcgatgaggtatgeac
catgaacgacggtccecacagigoectiatacaccatgatgaaggaccagtatgecaactac
giggtocagaagatgatigacgiggoggagecaggecageggaagategtcatgeataag
atccggocccacatcgeaactcticgtaagtacacctatggeaageacatictggocaaget
gegagaagtactacatgaagaacggtetteacitagegcccatctgigecececctiaatggta
tcatctgaggcagtgicaccogeigticecicaticeegeigaccicaciggeccactggeaa
atccaaccagceaaccagaaatgitctagigtagagtotgagacgggeaagtggitgeiccag
gattactcoctectccaaaaaaggaaicaaalccacgagiggaaaagectitgtaaatitaattt
tattacacataacatgtaciatittittiaatigactaatigeccigetgtittactggigtataggat
acttgtacataggtaaccaatgiacatgggaggccacatatitigitcactgiigtatctatatite
acatgtggaaactitcagggtlegtiggtitaacaaaasaaaaaagetitaaaaaasasagana
aaaaggaaaaggtittiagetcattigectggecgecaagtitigeaaatagetoticeccace
tecteattttagtaaaaaacaaacaaaaacaaaaaaaccigagaagiiigaatigtagtiaaat
aaaggtitcagagitgctaaagcticagtiigtzacatiaagittatgaaattctaasaaatgect
ttitigeagactatatiaigctgaagaaggcteticgigaggaggagatgcgageacccaga
acgletitigaggcigggegeeigigatigtitactegcctactggattititictatiaacattgaa
aggtaaaatctgatiatitagealgagaaaaaaaaatccaactetgctitiggictigetictata
aatatatagtgiatactiggigtagacttigeatatatacaaatiiglagtatitictigtitizgatutc
taatctgtatetataatgtacectagtagicgaacatactitigatigtacaatigiacattigtata
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cctetaatgtaaatgiggagaagtitgaatcaacataaacacgtittitggtaagaaaagagaa
ttagecagecectgigeattcagtgtatatictcacetittatggtegtageatatagigitgtatatt
glaaattglaatiicaaccagaagtaaatittitictittgaaggaataaatgitcitiatacagect
agtiaatgtitaaaaagaaaaaaatagetiggtittatitgtcalctagicicaagtatagegaga
ticttictaaatgtiaticaagatigagtictcactagtgtitititaatcctaaaaaagtaaigtitig
atttigtgacagtcanaaggacgigcaaaagtctagectigeccgageiticctiacaatcaga
geeectcteacciigtaaagtgtgaategeccticecittigtacagaagatgaactgiatittge
attitgtctactigtaagigaatgtaacatacigtcaatiticctigtitgaatatagaatigtaacac
tacacggtetacatticcagagcecttgigtatatitccaatgaacttitttgeaageacactigtaa
ccatatgtgtataattaacaaacctgigtatgetiatgcotgggeaactattititgtaacictigty
tagatigictctaaacaatgigteatctitatitigaaaaatacagaacitiggaatctgaaaaaa
23a3a2a3444332333233323483

ACTH

NM_001101.
4

sagtgagegecgcgagoccaatcagegigegeegticegaaagtigectitiatggctega
goggocgeggeggegecctiataaaacceageggegogacgegreaccaccgeegaga
cogeglcegececgegagoacagagoctegectittgeegatecgeogeecglocacacee
gocgcecagetcaccatggatgatgatategecgogetcgtegicgacaacggetocggcat
glgcaaggeceggeticgegggogacgatgecccecgggccgicticecctceategtegg
gegecccaggeaccagggegtgategtepocatgggicagaaggaticctatgigggoga
cgaggeocagageaagagaggcalcctcaccctgaagtaceccalcgageacggcategt
caccaacigggacgacatiggagaaaatctggeaccacacctictacaatgagetgegteis
geteccgaggageaccecgigetgetgaccgaggecceceigaaccecaaggeeaaceg
cgagaagatgacccagalcatgitigagaccitcaacaccocagecatgtacgtigetaicea
ggctgtgetalccctgtacgecictggecgtaccactggeatcgtgalgsaciceggigacy
ggotcacccacactgigcecatctacgagg sgtaigeccteceocatgecatecigogiciy
gacciggctggocgegaccigactgactaccicatgaagalecicacegagegegactaca
gettcaccaccacggecgagegggaaategtgegtgacattaaggagaageigigetacet
cgeociggacitegageaagagatggccacggotgcticcagetectocciggagaagag
ctacgagetgectgacggccaggicatcaccatiggeaatgageggticegetgoectgag
goacicticcagecticeticetgggeatg gagiccigtegcateccacgaaactaceticaact
ccatcatgaagtgtgacgtggacatcogeaaagacctglacgocaacacagigotgictgy
cggcaccaccatglacectggeatigecgacaggatgcagaaggagatcacigocctggc
acccagcacaatgaagatcaagaicattgetectectgagegeaagtacicegtgiggateg
geggetecatectggoctegetgtocaceticcageagatgiggatcageaageaggagtat
gacgagtccggceocciccategtccaccgeaaatgettctaggeggactatgacttagiige
gitacaccctticitgacaaaacctaactigegeagaaaacaagatgagatiggcatagctita
trigtttitittgtitigtitte o tttttttitittitttggctigactcaggatitaaasactggaacg gty
aaggtgacagcagloggttgpagegageatcceccaaagticacaatgiggecgaggacit
tgattgcacatigtigtittitiaatagtcaticcaaatatgagatgegitgttacaggaagioccti
gecatectaaaagecaccecactteteictaaggagaatggeecagtectctcecaagicca
cacaggggaggtgatageatigetitcgtgtaaatiatgtaate caaaatittittaatcticgect
taatactitittattitgititatitigaatgatgagoecitegtgeecececttcceectitttigtecee
caacttgagatgtatgaaggcititggicicecigggagisggiggagpcagecagggcita
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cctetacactgactigagaccagtigaataaaagtgcacaccitaaaaatgagganaaaaaa
aasaaanasa

GAPD

NM_002046.
6
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gaccteaactacatggtitacatgticcaatatgaticcacecatggcaaaticeatggeaccy
tcaaggctgagaacgggaagctigicatcaatggaaateccateaccateticcaggagega
gatcccticcaaaatcaagtagggcgatgeigacgotgagtacgtogiggagtocactggcg
feticaccaccatggagaaggeiggegcicatitacagggeogagccaaaagggicateat
ctetgeccecicigetgatgeccecatgticgicatggetote aaccatgagaagtatgacaa
cagcclcaagatcatcageaatgectocigeaccaccaactgettageaccoctiggocaag
gicatccatgacaactitgglatcgtggaaggacicalgaccacagiccatgccateactgee
acceagaagactgiggatggocccicegggaaacigiggegteatggecgogegocicic
cagaacatcatccctgectetactggegctgecaaggctgtigegcaaggicatcectgaget
gaacgggaagetcactggeatggecticogigiceccactgecaacgigtcagiggiggac
ctgacctgecgtctagaaaaacctgccaaatatgatgacalcaagaaggtggigaageagy
cgicggagggeecccicaagggcatectgggetiacacigageaccaggigaicteototga
cttcaacagegacacceactociccaccittgacgetggggctggcatigeccicaacgace
actitgtcaagctcatticcigglatgacaacgaattiggctacageaacagggtggtggacct
catggeccacatggectecaaggagiaagaccectggaccaccagecccageaagagea
caagaggaagagagagacceicactgctggggagtcectgecacactcagiceeceacca
cactgaatctececctecicacagtigocatglagaccecitgaagageggagggecciagg
gagecegceacctigicatgtaccatcaataaagtaccetgigelcaaccagiiaaaaaaaaaaa
3aaanaaasa

GUSB

NM_000181.
3

giccicaaccaagatggegeggatggcticaggcgeatcacgacaccggegegtecacgeg
accegeectacgggeacctocegegetitictiagegeegoagacggtogeegagcessg
zaccgggaageatgececggggaicggoggtigectgggrggogciogggcegtisity
tggggcigogegotggnactgcaggaocgagatecigtacccccaggagageecgtogeg
ggagigcaaggagotgracggoctetggagcticegegocgacticictgacaacegacg

cegeggcticgaggageagtggtaccgecggccgetgigggagicaggcoccaccgige
acatgccagticectecageticaalgacatcagecaggaciggogtcigeggeatitigteg
ootgegtotrotacuaacgegaggigalecigecgragegatggacecaggacctgcge

acaagagtestoctgaggatiggcagigcecaticotatgecategtgigopizaatggast
cgacacgetagageatgaggggeoctaccicoceticgaggecgacatcageaaccigat
ceaggtagracecctgeccicecggotocgaatcactategecatcaacaacacacteace
cecaccacectigecaccagggaccatecaataccigactgacacciccaagtatcecaagy
gitacttigtccagaacacatatitigacittttcaactacgetggactgeageggictgtiactict
glacacgacacccaccacciacatcgatgacatcacegicaccaccagegtggageaaga

caglgggcigatigaatiaccagatetetgicaagggoagiaaccigiicaagitggaagiac

oicttitggatgcagaaaacaaagicgtegcaaatgggacigegacceagggccaacitaa
geigecaggtigtcagectotggiggccgtacetgatgecacgaacgocctgectaleigtatic
atiggaggigcagetgactgeacagacgicactgggrocigigtetgacitetacacacice
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cigtgggeatecgeactgiugeigtcaccaagagccagiicctcatcaatgggaaaccitict
atttccacggtetcaacaageatgaggatgeggacatccgagggaaggocticgacigaee
gotgetggteaaggacticaaccigeticgetggetiggtgccaacgetttceglaccagod:
ctacccctatgeagaggaagigatgcagatgtaigaccgcetatggpatigiggicatcgaty
agtgicccggegtgggeciggegetigocgeagttcticaacaacgtiticicigeatcaccaca
tgcaggtgatggaagaagigotecgtageeacaagaaccaceccgeggicgteatgtogt
ctgtggccaacgagoctgegtoccacctagaatetigetggctactactigaagatggigate
gotcacaccaaatecttggaccecicecggectgtgacctitgigageaactctaactatgc:
geagacaagggeectcogtatetgeateteateigtitgaacagetactacictiggtatcac
gactacgggcacctggagttgaticagetgcagetggecacceagitigagaactggtataa
gaaglatcagaageocatiaticagagegagtalggagcagaaacgaitgcagggtitcace
aggatccaccictgatgiicacigaagagtaccagaaaagictgeiagageagtaccatetg
gotetggatcaasaacgeagaaaatacgigettggagagetcattiggaatitigecgattica
tgactgaacagicaccgacgagagigciggggaataasaaggggatcticacteggeaga
gacaaccaaaaagigeagcegticelitigegagagagataciggaagatigocaatgaaace
aggtatccocactcagtagecaagicacaatgtitggaaaacagectigiitactigageaaga
ctgataccaccigogigteccticciceccgagtcagggegacttccacageagoagaaca
aglgecteciggacigticacggeagaccagaacgiticiggoctigggititgiggtcatotatt
ctagcagggaacactazaggiggaaatasaagattitctattatggaaataaagagtiggeat

gaaagtggciacigaaaaaananaananaaanananaaa

RPLPO

NM_ 001602,
3

gictgacgggegatggcgeagecaatagacaggagegctatccgeggtitctgattgecta
citigttcgeattataaaaggoacgegegggegegageeccticicicgeraggegicetcg
tggaagtgacatcgictttaaaccotgegtggoaatecotgacgeaccgecgtgatgocoay
ggaagacagggcgaccigeaagtccaactacticcitaag atcatccaactatiggatgatia
teegaaatgtticatigigggagcagacaalgtggectccaageagatgoageagateegea
tgtcocttegegggaaggcetgiggtecigatggocaagaacaccatgatgcgeaaggecat
ccgagggcacciggaaaacaacceagetciggagaaactgetgectcatatceggggaa
tgtgeecttigigticaccaaggaggaccicactgagatcagggacatgiigetggecaataa
goteccagetgctgcecgtgetgaigecatigeeccatgigaagtcactigteccageccag
aacactggicicgggocegagaagaccicctititccaggctitaggtatcaccactaaaatct
ceaggggeaccatigaaalcctgagigalgtgcageigatcaagactggagacaaagigeg
agecagegaagecacgetgctgaacatgcteaacateteecectictectitgggetgetcat
cagcaggigticgacaatggeagceatctacaaccctgaagtgctigatateacagaggaaa
ctetgeatictegeticctggagggtgicegeaatgtigecagigtctgtcigeagatigactac
ccaactgitgcatcagtaceecatictatcatcaacgggtacaaacgagtectggectigicig
tggagacggattacaccticecactigeigaaaagetcaaggoctictiggetgatocatetg
cottigtggotgetgecectgiggotgctgecaccacagetgotoctgetgetgetgeagoeee
cagctaaggtigaagocaaggaagagicggageagicggacgaggatatgggattiggic
fcttigactaatcaccaaaaageaaccaacitagecagttttattigeaaaacaaggaaataaa
gocttacticiitasaaagtaasaaanasasaaaaaaaasasana
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TFRC

NM_003234.

3

agageglegogatatcgogiapcgacicgugacggaggacacgotagizigagtecgeg
cttctagaactacaccgacceetegigtecteccttcatectgegggactagctggageggee
gotecggtectglecageagecatagggageegeacggegagcggeaaageggicgey
geoceagecgegacgaocgegalgaagoggrgccgcagecigigggaaagganct
giggogecgecicgageggeigeaggticticigigtegcagticagaatgatggatcaage
tagatcagcattcteiaacttgtitgsiggagaaccatigicatatacceggttcageciggete
gecaagtagatgecgataacagicatgtgpagatpaaactigetgiagatgaagaagasas
tgcigacaataacacaaaggocaatgicacaaaaccaasaaggigtagtggaaglatetgel
atggeactattgctgteategtctittictigatiggatttatgattggctactiggectatigtaaa
ggoetagaaccaaaaacigagigteagagactggcaggaacegagictccagigaggea
ggagccaggagaggacticcetgoageacgicgotialatigggatlgacctyaagagaaay
ttgtcggagaaactggacageacagacticaccggeaccatcaagetgetgaatgaaaatic
atatgtcectegigagectggatctcaaaaagatgaaaatctigegtigtatgtigaaaatcaat
ticgtgaatttaaactcageaaagiciggegtgateaacatittgtitaagaticaggicaaagac
agcgotcaaaacteggtgateatagtigataagaacggtagactigittacciggtggagaat
ctgguggotiatgtegeogiatagtaaggotgcaacagiiactggtaaactggiceatgctaatt
tiggtactaaaaaagattitgaggatttatacactectgtgaatggatctatagtgatigicagag
cagggaaaalcacctitgcagaaaaggiigcaaalgotgaaagettaaatgeaatiggteigt
tgatatacatggaccagactaaatticceatigttaacgcagaactitcaticitiggacatgcte
atctggooacaggigaccettacacacciggaticecticeticaatcacacicagtitceace
atcteggicatcaggatigectaatatacctetccagacaatctecagagetgetgeagaaaa
gotgtitggoaatatggaaggagactgicecicigactggaaaacagaciclacatgtaggat
ggtaaccicagaaagcaagaatgtgaagcetcactgtgagcaatgigotgaaagagatasaa
attcttaacatcttiggagtiatiaaaggceiitgtagaaccagatcactatgtigiagitggagcce
cagagagatgeatgggeccciggagctgeaaaatccggigtaggcacageicicotatiga
aacttgoccagatgtictcagatatggictiaaaagatgggtitcageccagcagaageattat
ctiigocagtignagtgciggagactitggatcggtiggtoccactzaatggctagagggata
cotttegteoctgeattiaaaggctticactiatattaatctg gatagagegatictigetaccag
caacttcaaggitictgecageccactgitgtatacgeitatigagaaaacaatgeaaaatoly
aagcatccggitaciggpcaatitctatatcaggacagcaactgggcecageaaagiigagaa
actcactitagacaatgeigotticeetticetigeataticiggaatcecageagitictiteigtit
ttgcgaggacacagattateottattigggtaccaccatggacacctataaggaacigatiga
gaggaticotgagtigaacasagiggeacgageagetgeagaggtogetggicagticgly
attaaactaacccatgatgtigaatigaacciggactatgagagglacaacagocaactaetit
cattigtgagggatctgaaccaatacagageagacataaaggaaatgggecigagittacag
tegctgtatictgctegtegagacticticegtoctacttccagactaacaacagatticgggaa
tgetgagaaaacagacagatitglcatgaagaaactcaatgategigteatgagaglggagt
atcacticetctctecctacgtatciccaaaagagictoctticegacatgicticigggogciccy
getetcacacgetgecagettiaciggagaactigaaacigegiaaacaaaataacggiuctt
ttaatgaaacgetgticagaaaccagtiggcetetagetactiggactattcagggageigeaa
atgoecticictggtgacgtiigggacatigacaatgagititasatgigatacccatageticeca
txagaacagcagggtagiciggitictagactigigeigatcgtgctaaatiticagtagggcet
acaaaaccigatgttaaaattccateccateatetiggtactactagatgicittaggeageage
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tittaatacagggtagataaccigtacticaagitaaagigaataaccaciiaaaaaatgiceat
gatggaatattccoctatctctagaatittaagigetitgtaatg ggaactgectetticetgitgtt
gitaatgaaaatglcagaaaccagtiatgigaatgatetetetgaatcctaagggotggicicty
ctgaaggitatiaagiggtogotiacttigagtgatcetocaacticatitg atgctaaataggay
ataccaggtigaaagacctictecaaatgagatctaagectticcataaggaatgtagetggit
teetcattectgaaagaaacagtiaactiicagaagagatgggotigitttctigecaatgaggt
ctgaaatggaggtectictgciggataaaatgaggticaactigtigatigeaggaataaggee
ttaatatgttaacoteagigtcattialgaasagaggggaccagaagecaaagacitagtatat
ttcttticetetgteccticecccataagectecatitagticttigtiatititgtticticcaaagea
cattgaaagagaaccagtitcaggtotitagttgcagactcagitigtcagactttaaagaataa
tatgctgecaaattitggccaaagtgitaatcitaggggagagetiicigtecttitggeaciga
gatatttattgitiatitatcagtgacagagiicactataaatggigtitititaatagaatataattat
cggaagcagteccticeataattatgacagttatactgtegattittittaaatasaagcageate
tgctaataaaacccaacagatactggaagtittgcatttalggicaacactiaagggtittagaa
aacagcecgtcagccaaatgtaatigaataaagitgaagctaagatttagagatgaattaaatit
aattaggugitgctaagaagegageacigaccagataagaaigetagititcetaaatgeagt
gaattgtgaccaagttataaatcaatgtcacttagaggetgtggtagtacicetgeaaaatittat
agcteagttialccaaggigtaactctaaticecatitigeaaaatticoaglaccitigtcacaat
cctaacacattatcgggageagtgicticcataaigtatanagaacaaggiagttitiacctace
acagigictgtatcggagacagtgatctecatatgitacactaagggtataagiaatiatcggg
aacagigtticccataattticticatgeaatgacatcticaaagctigaagategitagtatctan
catgtateceaacicetataaticcctatetittagtittagtigcagaaacatitigtggteatiaa
geatiggeiggetaaaticaaccactgiaaaatgaaattactacaaaatttgaaattiagetigy
gitittgttacctitatggtiictccaggiccictiacitaatgagatagiageatacatitataatgtit
gotattgacaagicattttaactitatcacattattigeatgitacctcctataaactiagtgoggac
aagtittagtccagaatigaccttitgactiaaagcagagggactitgtatagaagpttiggneg
ctgiggegaaggagagicecotgaaggicigacacgictgectacecaticgtggtgatcaa
ttaaatgtagotatgaataagticgaagctceglgagtgaaccateatiataaacgtgatgate
agetgitigtcatagggeagitggasacggecicctagggaaaagticatagggicicitcag
gitettagigtcactiacetagatitacagectcactigaatgigtcactacicacagicicittaat
cttcagititatctitaatctocteititatctiggacigacatitagegtagetaagtgaaaaggic
atageigagattectggticggotgitacgeacacgtactiaaatgaaageatgiggeatgtic
atcgtataacacaatatgaatacagggeatgeatttigcageagtgagtctcticagaaaace
ctitictacagttagggtigagttacticctatcaagcecagtacgigctaacaggctcaatatice
igaatgaaatatcagactagtgacaagcetcciggicitgagatgicticticgtiaaggagatgg
gocttttggagetaaaggataaaate aatgagtictgtcatgaticactatictagaacttgcat
gaccittactglgtiageictitg aatg ttctigaaatittagacttictitg taaacaaatgatatgt
cttatcatigtataaaagetgitatetigeaacagtgigeagaticettgtcteatitaataaaata

(‘ﬁq'\q(‘faf'tgmzm'\q'\fa'w

X03205.1

tacctggttgatectgecagtageatatgetigtetcaaagattaagecatgeatgtetaagtac
geacggecggtacagtgaaacigegaatggoicatiaaatcagttatggticotttggicgeic
getecteteccactiggataactgiggtaatictagagoetaatacatgeegacgggegctaac
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ceecticgegugggooatgcaigeatitatcagaicaaaaccaacecggicagecceictcs
ggoeceggecgggeggcegococeggeggltitggigacictagataacctegggocga
tegeacgecccocgiggeggegacgacecaticgaacgictgecctatcaactitegatggt
agicgecegtacctaccatggigaccacgggtoacggugaatcagggticgaticcggaga
gogagoecigagaaacggotaccacatecaaggaaggeageaggegegcaaattacceac
teecgaceeggggaggtagigacgaasaataacaatacaggactetticgageccctigiaa
ttggaatgagtccactitaaatectitaacgaggatccatiggagggcaagiciggtgccage
agccgoggtaaticcagetccaatagegtatattaaagtigeigoagitaaaaagcteogtagtt
gegatctiggragcggeeggoegaiccgecgegaggegagecaccgeccgicecegece
cttgectcticgeegececctegatgetetiagetgagtgteccgeggegcecgaagegttta
cttigaaaaaaltagagtgitcaaageaggocogageogoctggatacegeagetaggaat
aatggaataggaccgeggtictattiigitegtiitcggaactgaggecaigattaagagggac
gogccggesocaticglatigegecgetagagetgaaatictigeaceggegeaagacgea
ccagagegaaagoatitgecaagaatgiiticattaalcaagaacgaaagicggaggticga
agacgatcagataccgicgtagiiccgaccataaacgatgocgaccggcgatgcggcggc
gitaticcoatgaccegecgggoagottccgggaaaccaaagtottigggttccggggroa
gtatggttgeaaagctgaaacttaaaggaattgacggaagggoaccaccaggagiggage
ctgcggcitaattigactcaacacgggaaacotcaccoggoceggacacggacaggatiga
cagatigatagctcttictcgaticogtoggiggtegtocalgpocgtictiagtigaiggage
gattigtctggtiaaticcgataacgaacgagaciciggcatgeiaaciagttacgegaceece
gageggtcggeatecccccaaciicitagagggacaagigecgticagecaccegagatiga
geaataacaggicltgigatgeccttagatgiccggggotgecacgogegctacactgacigy
cteagcegigtgectacectacgocggcaggogeggataacecgiigaaccecaticgigat
ggggaicggeoatigeaatiaticcecatgaacgaggaaticccagtaagigegggicataa
gottgegtigattaagicectgocetttglacacaccgeccgicgetactaccgatiggatggtt
tagtgaggccctcggatcggocccgeogggatcggcccacggocalgacgaagcgcisga
gaagacggicgaactigactatctagaggaagiaaaagicgtaacaaggtitcoglaggiga
acctgeggaaggatcatia

PPIA

NM_021130.
4

ggeeccgaacgtggtataaaaggeocgegagoccaggctcgtgecgttiigcagacgee
accgecgaggaaaaccgigtactattagecatggtoaaceccacegtgiicticgacatigee
gicgacggcgageccttggoocgcgtctecttigageigtitgcagacaaggicccaaaga

cagcagaaaattitcgigeicigageaciagagagaaaggattigottataagggticetgott
tcacagaatiaticcagggtitatgtgtlcagggtogigaciicacacgecataatggoactggt
ggcaagtccatetatggggagaaatitgaagatgagaacticatectaaageatacgggtoct
ggcatetigtecatggeaaatyctggacccaacacaaatggticecagtttiicatetgcactg
ccaagactigagigottggatgecaageatgtegigtitgecaaagigaaagaaggcatgaa
tattglggageecatggagegcttigggtccaggaatgecaagaccageaagaagatcace
attgctgactgtggacaacicgaataagtitg actigtgititatcttaaccaccagatoattee

ctgtagctcaggagageaccectccaccecatitectegeagtatectagaaictitgtoctet
cgetgeagticectttgggticeatgtittectigticcetiececatgectagetggatigeagagt
taagtitatgatiatgasataaaaactaaataacaatiglcctegtitgagtiaagagigtigatot
aggctitatittaageagtaatgggtiactictgaaacatcactigtitgcttaatictacacagta
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cttagattitittiactitccagticecageaagigicaaigtiteitzagiggaatatigaaaaigta
gogcageaacigggeatggtgecicacigicigtaatgtatiaccigaggcagaagaccacct
gaggelaggagtcaagalcagocigggoaacatagtgagacgcigictetacaaaaaataa
ttagoctggoctggigatocatgectagicctagetgaicteggaggcigacyigggaggait

gctigagectagagte agctatiatcatgccacigtacagcctgggigticacagatctigigt

ctcaaagglaggoagaggcaggaaaagcaaggagecagaattaagageitsgotcagict
geagtgagticalgoatitagaggigticiicaagatgactaatgtcaaaaatigagacatcigt
tgcogtittttititittititicecctgg aatgcagtagegigatoteagctcactgeagectecge
ctectgggticaagigatictagtgectcagectectgagtagetgggataateopcpigioc

caccatgcecagctaatititgtatttttagtatag atgggotitcateattttgaccaggetggtc
tcaaactcttgaccicagetgatgegoctgectiggectcecaaactgetgagattacagaigt
gagccaccgeaccetaccicatiticigtaacaaagctaagetigaacactgtigatgticttga
gogaagcatatizgectttaggcigtaggicaagtitatacatettaattatg giggaattcctat
glagagictaaaaagccagglactiggigctacagicagicicectgoagaggetiaaggcg
cagactaccigcagigaggagglactgctigtagcatatagagecicicectagetitggttat
ggaggctitgaggtiitgcaaacctigaccaatitaagecataagaiciggicaaagggatace
cticccactaaggactiggtitctcaggaaattatatgtacagtgctigetggcagttagatgtc

aggacaatctaagoetgagaaaaccecticictgeocaccttaacagaccictagggticitaa

ceoagcaateaagttigectatectagaggig gog patitgatcattiggtgtoitggsoaatit
tigttitacigictggticcticigegtgaattaccaccaccaccactigigeatcteagicitgizt
gitgictgetiacgiattcectgggtigataccaticaatgictiaatgtactigtgactcagacct

gagtgcaaggtggaaataaacalcaaacatctittcattateccta

2a2az0agCERCCRLLAARQRECLLIgCRg0Ag0Cnlgligg nconlaniglog
gcectgticetgoccgegoggtuticegeatictgeaageciceggagegeacgicggcagy
teggetecctegitgacegaatcaccgacctcteiceccagetgtatiiccaaaatgtegettic
taacaagcigacgciggacaagetggacgttasagggaagogggicgitatgagagicga
cttcaatgttectatgaagaacaaccagataacaaacaaccagaggatiaaggctgctgice
caagcaicaaaticigcetiggacaatggagecaagtcggiagtectiatgagecacctagge
cggcectgatgetgtgeccatgectgacaagtacticottagagecagtigetgtagaactcaaa
tetetgetgggcaaggatgitctgtictigaaggactglgtaggeccagaagtggagaaage
ctgtgccaacecageigeigggtetgicatectgeiggagaaccicegelticatgigpagga
agaagggaaggoaasagatgetictgggaacaaggiiaaagecgagecagecaaaatag 26
aagetitccgageticactiteccaagetaggggateictalgicaatgatgetitiggeaciget
cacagagceocacageiccatgglaggagicaatcigocacagaaggcetggiggstittigat
gaagaaggagcetigaactactitgeaaaggocttggagageccagagegacccticctgge
cateotggecggagctaaagiigeagacaagatccagetcatcaataatatgctggacaaag
tcaatgagatgattatiggtgeiggaatggotittaccticctiaaggigotcaacaacalggag
attggcacttctctgiitgatgaagagggagcraagatigicaaagacctaatgiccaaagct
gagaagaatggtoioaagattaccitgectgitzacitigtcacigetgacaagttigaigaga
atgccaagactggecaagecactgtggeticiggcataceigetggetggatgggcttggac
tgteetcctgaaageageaagaagtatgctgaggcigicactcgggctaagcagatigloly
gaatggtectgigggroiaitigaatgguaagctitigecegggpaaccaaagctoteatgy

NM 060291,
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atgaggtogtuaaagocactictaggegctgcatcaccateataggtegte gagacacige
cacttgetgigecaaatgeaacacggageataaagicagecatgigageacigggggtoot
gecagtitggagetectggaaggtaaagiceticetggggtegatgetotcageaatatitagt
actttcetgecttttagticctigigeacageccctaagicaactiageatiticigeateiccactt
gecatitagctaaaaccticeatgtcaagaticagetagiggecaagagatecagtuaccagga
acccttasacagitgeacageaicicagoteateticactgeacceiggatitgcatacatictt
caagatcccatitgaatitittagigactaaaccatigtgcatictagagtgcatatatitatatittg
cctgttagaaagaaagigagcagigttagctiagiicictitigalgtaggitatiatgattagotit
gicactgtticactacicageatggaaacaagatg aaattccatttgtagetagteagacaaaa
ttgatgatccatiaagtasacaataasagtgtecattgasaccgtgattittitititttcotgtcata
cttigttaggaagggtpagaatagaaiciigaggaacggatcagatgictatatigetigaalge
aagaagiggugcageageagigoagagatggeacaattag ataaatgiccatictitatcas
gogoctactitatggecagacatigigetagloctittatictaactittattittatcagitacacaty
atcataatttaaaaagicaaggctiataacaaaaaagecceageccattecteccaticaagat
tcecactecocagaggigaccaciticaactetigagititicaggtatataccicoatgtiicta
agtaatatgcttatatigticactictitttittitatiitttaaagaaatctatticataccatggagga
aggcteigttccacatatatticcacttcticaticicicggtatagtitigtcacaattatagattag
atcaaaagicliacatlaaciaatacagoelgagotatglagtatgotatgattaaatitacttatgia
3a3a3a34343334aaa

cacttctgcegoceetgiticaagggataagaaacceigegacaaaacciceicctiticcaa
gogoctgecgaagatggeegagotecaggicciggtoctigatggicgaggccatetecty
geecgectggeggecalegiggetaaacaggtiacigctgggocggaaggiggtostogta
cgctgigaaggcatcaacatitetggeaattictacagaaacaagtigaagtacctggetiice
tccgeaagoggatgaacaccaacceticcegaggccectaccacticegggeecccagec
geatctictgoegoaccgigegaggtatgeigeocoacaaaaccangegaggecaggecg
ctetggaccgtetcaaggtgiitgacggeateccacogecctiacgacaagaaaaageggat
geiggticcigeigoccicaaggicgigogicigaagectacaagaaagltigectaiciggy
gegectggcetcacgaggttggciggaagtaccaggcagigacagecaccetggaggaga
RPLI3A4 NM 012423, | agaggasagagaaagcoaagatccactaccggaagaagaaacageicatgaggetaceg
3 aaacaggocgagaagaacgiggagaagaaaatigacaaatacacagaggiceteaagac
ceacggacteotggicigageccaataaagactgitaaticcicatgegiigectigoccticet
ceattgtigecctggaatgtacggeacceaggggoageageagiccaggtgecacaggea
gocctgggacataggaagetgegageaaggaaagggtottagicactgocticocgaagtt
gcttgaaagcacteggagaatigigeag gigtcatilalctatgaccaataggaagagcaace
agttactatgagtgaaagggagecagaagacigattggagggccctatctigigagtegg
catctgitggactitccacctggtcatatacictgcageigtiagaatgtgeaagcactiggeg
acagealgagcltgctgtigtacacagggtatiictagaagcagaaatagactigggaagaty
cacaaccaaggggttacaggceatogeccatgetocteaccigtatiitgtaalcagaaataaat
tgctittaaagaaaaasasanaaazanas

NM_004048. aatataagiggaggcgicgegctggegggcaticctgaageigacageaticgggecgag

-
B2M 2 atgictegeteegtggecttagetgigotogegetactetetcttictggeciggaggetateca

gcegtactccaaagaticaggittactcacgtcatccageagagaatggaaagicaaatticet
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gaatigetatgigtctgggtitcatccatccgacatigaagtigacttacigaagaatggagag

agaatigaaaaagiggagcaticagactigictitcagecaaggactg gicttictatetotigia

ctacactgaaticacccecacigaaaaagatgagtatgectgecglgigaaccatglgactit

gicacagcccaagatagtiaagigggatcgagacalgtaagcageatcatggaggitigaa

gatgccgceattiggatiggatgaaticcaaattctgctigetigettitiaatatigatatgcitata
cacttacactitatgeacaaaatgtagggttataataatgtiaacatggacatgaictictitataa
tictactiigagigctgictocatgtitgalgtatctgagcaggtigotccacaggtageictagy
agggctggcaactiagaggiggggagcagagaaticictiaiccaacatcaacatctiggic

agatitgaactcticaateictigeactcaaagetigtiaagatagitaagegigeataagttaac
ttccaatttacatactetgcttagaatitgeg oo aaaatitagaaatataatigacaggatiatty

gaaatitgitataaigaatgaaacattitgicatataagattcatatitactictialacatiigataa

agtaagocatgettgtgoitaatciggtitatititgiiccacaagttaaataaaicataaaactig
atgigtiatetetta

YWHAZ

NM_003406.
3

ctttctecticeccticticcgggotecegicceggetcatcacecggecigiggeccacteoe
accgecagetggaacceigggeactacgacgtcectcaaacctigetictaggagataaaa
agaacaiccagtcatggataaagatgagcetggticagaaggccaaactggecgageaggct
gagcgatatgatgacatggoagecigoatg aagictgtaactgagcaaggagetigaattate
caatgaggagaggaatctictetcagtigetiataaaaatgtigltaggageocgtaggicaict
tegagggtcgicicaaglatigaacaaaagacggaagetgotgagaaaaaacaglagaty
getegagaatacagagagaaaatizagacegagctaagagatatctecaatgatgtacigic
tetttiggaaaagticttgatccccaatgeticacaageagagageaaagtictictattigaaaa
tgaaaggagatiactaccgttactiggctgagatigeegeigeigatgacaagaaagggatt
gicgatcagicacaacaagoataccaagaagcitityaaatcagcaaaaaggaaatgcaac
caacacatcctatcagactgggiciggecctiaacticicigigtictattatzagatictgaact
ceccagagaaagectgotetctigeaaagacagcetitigatgaagecatigctgaactigata
cattaagtgaagagicatacaaagacagoacgclaataalgeaatiactgagagacaaciig
cattgiggacatcggataccraaggagacgaagetgasgeaggagaaggagggeaasa
ttaaccggccticcaactittgtctacctcatictaaaatitacacagtagaccattigtcaiccat
gotgteccacaaatagtittttetitacgattiatgacaggtitatgtiactictatitgaatitctata
titcccatgiggtititatgtttaatatiaggg sagtagagccagtiaacatitagggagtiaicty
ttitcatcitgaggtgpccaatalgpggatgtgg aattiitatacaag itataagtsttiggcata
glactitiggtacattgtgecticaaaagggecagtgtaaaactgcticcatgictaagcaaag
aaaactgectacatactggitigicclggeegggaataaaaggeatcattegticcagicaca
gototagtaatigigagtactitanggitiggagcacttacaaggctgtggtagaatcatacce
catggataccacatattaaaccatgtatatctgiggaatacicaatgigtacacctitgactaca
getgcagaagteticotttagacaaagtigigacecatittaciciggataagggcagaaacg
gttcacaticcattatttgltaaagttacctgctgtiagctitcatiatititgetacacteatittaltig
tatitaaatgttttaggcaacctaagaacaaaigtaaaagiaaagatgcaggaaaaatgastty
ctiggiaticaitacttcatgtatatcaagcacageagtaaaacaaaaacccatetattiaactttt
ttttaggatitttgetittgtgattttitittitttgatactigectaacatgcatglgetgtaaaaatagt
taacagggaaataactigagatgatigectagetiigtitaatgictiatgaaatiticatgaacaa
tccaagcataatigtiaagaacacgigtattagaticatgtaagiggaataaaagititatgaalg
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gactiticaactactticictacagctiticatgiaaattagictizgitcigaaacticictaaagg
aaattgtacattititgaaatitattcettaticectettggeagetaatgggetettaccaagtitaa
acacaaaatttatcataacaaaaatactactaatataactacigtitccatglcccatgatceoct
cteticctccccaccotgaaaaaaatg agitectaltititciggoagagpgg oo atizatia
saaaaaaatgtagietottceatitaaaattite goatatgooatittctaactiaggaagecaca
atgttettggoccateatgacatigggtageattaactgtaagtitigtgettccaaatcactitit
gotttttaagaattictigatacictiatagocigecticaatitigatectttalcttictatitgica
geigoacaagattaccticetgttitagoctictgictigicaccaaccatictiactiggiggec
atgtacttggaaaaaggecgeatgatottictggctecacicagtgictaaggeacectgotic
ctitgetigeatcecacagactatttcecteatectatttactgeageaaatetctectiagtigat
gagactgtaittaicicectttagaacccliaccialcctgaatggictgicatigtetgecttiaaa
atccticcictticiiceiccictatictctasataatg atgg g ectaagitatacccaaageicac
tttacaaaatatticctcagtacittgeagaaaacaccaaacaaaaatgecattttaaaaaaggt
glattttticititagaatgtaagetecicaagagcagggacaatgitiicigtatgtictatigige
ctagtacactgiaaatgcicaataaatatigatgatgggaggcagigagictigatgataagy
gigagaaactgaaatcccaaacacigtittgtigotigtittatiatgaccticagatiaaatiggy
aaatatiggcccttttgaataatigicecaaatattacattcaaataaaagtgcaatggagaaaa
aaaaaaa

SDHA

NM_004168.
3

actgcageeocgetcgacteoggogtegtecgragecgegglatcoccecteceeegeca
geicgaccecggtiatgatecgcaggegeagictgcgcagggactggegguacigegogg
cggcaacageagacatgieggeesiccgggecctgicgeggctgetgagesgcteggeac
ctggegetggecaaggogtggccaacagigtigcaaacaggaaccegaggliiteactica
ctgtigatgggaacaagagggcatctgctaaagtitcagattceatticigetoagiaiccagta
siggatcatgaatitgatgcagiggtogtagocgeisggagugocagactigegagctgcatt
tggecttictgaggeagggtitaatacageatgtgtiaccaagetgtttcctaccaggtcacac
actgtigcagcacagggaggaalcaatgotgeteiggggaacalggaggaggacaactgg
aggtggcatitctacgacaccgigaagggcicogactggcigggggaccaggatgecalc
cactacatgacggagcaggeccocgecgecgiggicgagetagaaaatiatggeatgecg
tttagcagaactgaagatgggaagatitatcagegteocattiggtigracagagecicaagtit
graaagggcggecaggeccatcggtoctgcigtetgectgalcggactggecactogeta
ttgcacaccitatatggaaggteictgegatatgataccagetatitigtggagtatttigectig
gatctcctgatggagaatgeesasteccgtgetgtcategeacigtecatagaggacgg ot
ccatocategeataagagcaaagaacacigtigitgecacaggaggctacgggegeaccta
cticagetgeacgicigeccacaccageaciggegacggeacggeratgaicaccaggge
aggccticettgecaggacctagagtitaitcagticcaccctacaggeatataiggiociggt
tgtotcattacggaaggatgicgtggagagggaggeaticicattaacagicaaggegaaag
gittatgpagegatacgecectgicgegaaggacctggegtctagagatgtegteictoggt
ceatgaciciggagaiccgagaaggaagagacigtegcccigagaaagatcacgictacct
geagctgcaccacctacctccagageagetggecacgegestgectggcatticagagac
agecatgatcttcgetggegigeacgtcacgaaggagecgatcectgicetceccacegiy
catlataacatgggoggeaticccaccaactacaaggggeaggtoctigaggeacgigaalg
gccaggatcagatigtgceeggccigtacgectgiggggaggecgoctgigecicggtaca
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tegigccaaccgecteggggcaaacicgetotiggacctagitgictitgpicgggeatgtec
cetgageatcgaagagicatgcaggectg gagataaagicectccaattaaaccaaacgcet
geogaagaalcigtcatgaatctigacaaatigagattigetigatggaageataagaacatcg
gaacigegactcageatgeagaagicaatgcaaaatcatgctgccgtgitcegtatggaaag
cgtgtigcaagaaggitgigggaaaatcagcaageictatgaagacciaaageacctgaag
acgitcgaccggggaatggictggaacacggacciggigoagacceciggagotgeagaac
ctgatgctgtgtocgotgcagaccatctacggagcagaggcacggaaggagicacggeg
cgegceatgocagggaagactacaaggipcagatigatgagtacgattaciccaageccate
caggggcaacagaagaageccttigaggageactggage aagcacaccectgicotalgtg
gacgtiggeacteggaageicactciggaatatagaccegtgatcgacaaaactitegaacga
gectgactgigocacegicecgocagecaticgotociactyatgagacaagatgtagtaat
gacagaatcagcetitigtaatiatgiataatagctcatgeatgtgiccaigicataactgicitcat
acgetictgeactctggggaagaaggastacatigaaggragatiggeacciagigectey
gagcitgecaggaacecagiggecagggagegtggeactiacettigtecctigeticatictt
gigagatgataaaactgggracagciciiaaataaaatataaatgaacaaacitictitiatiice
aaatccatiteaaatatittactgitgtgactttagicatatitgitgacciaaaaatcaaatgiaat
ctitgtattgtgttacatcaaaatccagatattitgtatagtitctitttictitifctittotttitttittttg
agacaggatogglgcagtagtacaatcacageicacigeagecicaaacicetgggcaget
caggigateticotgacicagocttetgagtagttzgggetacaggtgtycaccaccatgoce
agctcattiattitataatigtagegacagggicteactgigtigoctaggotggicicaagigat
ceteectectiggecteccaaggteciggaattataggtetigaacaaaccaasasaaaasaa
aa

HAPRYI

NM_ 000194,
2

ggegggeccigeticiccicageticaggeggotgcgacgagocoteaggegaacciciog
gctttcecgegeggegecgecictigetgegectecgectectecteigeicegecaccgge
ttectectectgageagtcagecegegegecggocggcteegitatggegaccegoageoe
tgecgtegigatiagtgatgatgaaccaggtiatgaccitgatttatitigeatacctaateattat
gotgaggatitggaaagggtgttiaticcicaiggactaatiatggacaggactgaacgictiy
ctegagateigatgaaggagatgggaggecatcacatigtagecctctginigeicaaggsg
ggoctataaatictitgcigacctgeiggattacatcaaageactg aatagaaatagigataga
tecattcctatgactgtagatttiaicagacigaagagclaltgtaatgaccagtcaacagggg
acataaaagtaaliggiggagatgatcictcaacitiaactggaaagaatgictigatigtygas
gatataatigacactggcaaaacaatgcagactitgctitectiggicaggcagtataatccaa
agatggicaagglcgeaagettgctggteaaaaggaccecacgaagigtiggatataagec
agactiigtiggatitgaaaticcagacaagitigitgtaggatatgccctigactataatgaata
cticagggatitgaatcatgitigigtoatiagigaaactggaaaageaaaatacaaagectiaa
gatgagagticaagitgagtitgg aaacatciggagtoctatigacategecaglaaaatialc
aatgttctagticigtggecatcigottagtagagetitiigeatgtatctictaagaattitatctgt
titgtactttagaaatgicagitgctgcaticctaaactgtitattigoactatgagoctatagacia
tcagtteectitgggoggattatigttiaaciigtaaate aaaaaaticictiaaaccacageact
attgagteaaacatigaactcatatcigtaag aaataaagagaag atatattagittttiaatteg
tatittaatittiatatatgeaggaaagaatagaagigattgaatattgitaatiataccacegigly
ttagaaaaglaagaagceagteaatiticacatcaaagacagealctaagaagiittgitetgice
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tegaattatitiagtagteiticagtaatgite acigtatiticcaaciigticaaatiatiaccagig
aatctitgtcageagticectittaaatgcaaatcaataaaticecaaaaatttaaaaaaaaaaaa
2aaaaaaaas

Definitions

{0168} The articles “a” and “an” are used in this disclosure to refer to one or more than one (Le.,
to at least one) of the grammatical object of the article. By way of example, “an element” means
one element or more than one element.

18109} The term “and/or” 1s used in this disclosure to mean either “and” or “or” unless indicated
otherwise.

10118} As used herein, the terms “polynucleotide” and “nucleic acid molecule” are used
mterchangeably to mean a polymeric form of nucleotides of at least 10 bases or base pairs in
length, either ribonucleotides or deoxynucleotides or a modified form of either type of
nucleotide, and 15 meant to include single and double stranded forms of DNA. As used herein, a
nucleic acid molecule or nucleic acid sequence that serves as a probe i a microarray analysis
preferably comprises a chaim of nucleotides, more preferably DNA and/or RNA. Tn other aspects,
a nucleic acid molecule or nucleic acid sequence comprises other kinds of nucleic acid structures
such a for instance a DNA/RNA helix, peptide nucleic acid (PNA), locked nucleic acid (LNA)
and/or a ribozyme. Hence, as used herein the term “nucleic acid molecule” also encompasses a
chain comprising non-natural nucleotides, modified nucteotides and/or non-nuclectide building
blocks which exhibit the same function as vatural nucleotides.

EEINNTS

[B111] As used herein, the terms “hybridize,” “hybridizing”, “hybridizes,” and the like, used
the context of polynucleotides, are meant to refer to conventional hybridization conditions, such
as hybridization in 50% formamide/6X8SC/0.1% SDS/100 pg/ml ssDNA, in which temperatures
for hybridization are above 37 degrees centigrade and temperatures for washing in 0.1
XS8C/0.1% SDS are above 55 degrees C, and preferably to stringent hybridization conditions.
{6112} As used herein, the term "normalization” or “normalizer” refers to the expression of a
differential value in terms of a standard value to adjust for effects which arise from technical
variation due to sample handling, sample preparation, and measurement methods rather than

bislogical vanation of biomarker concentration in a sample. For example, when measuring the

expression of a differentially expressed protein, the absolute value for the expression of the
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protein can be expressed in terms of an absolute value for the expression of a standard protein
that is substantially constant in expression.

{0113} The terms "diagnosis® and "diagnostics” also encompass the terms "prognosis” and
"prognostics”, respectively, as well as the applications of such procedures over two or more time
points to monitor the diagnosis and/or prognosis over time, and statistical modeling based
thereupon. Furthermore, the term diagnosis includes: a. prediction {deternmuining if a patient will
likely develop aggressive disease {(hyperproliferative/invasive}}, b. prognosis {predicting whether
a patient will likely have a better or worse outcome at a pre-selected time in the future), ¢.
therapy selection, d. therapeutic drug monitoring, and e. relapse monitoring.

[0114] "Accuracy" refers to the degree of confornuty of a measured or calculated quantity {a test
reported value) to its actual (or true) value. Clinical accuracy relates to the proportion of true
outcomes {true positives (TP) or true negatives (TN)) versus misclassified outcomes (false
posttives (FP) or false negatives (FN)), and may be stated as a sensitivity, specificity, positive
predictive values (PPV) or negative predictive values (NPV), or as a likelihood, odds ratio,
among other measures.

[0115] The term "biological sample” as used herein refers to any sample of biological origin
potentially containing one or raore biomarkers. Examples of biological samples include tissue,
organs, or bodily fluids such as whole blood, plasma, serum, tissue, lavage or any other specimen
used for detection of disease.

{0116] The term "subject” as used herein refers to a mammal, preferably a human. Tn some
aspects, a subject can have at least one colon cancer symptom. In some aspects, a subject can
have a predisposition or familial hustory for developing a colon cancer. A subject can also have
been previously diagnosed with a colon cancer and 1s tested for cancer recurrence,

{8117} "Treating” or "treatment” as used herein with regard to a condition may refer to
preventing the condition, slowing the onset or rate of development of the condition, reducing the
risk of developing the condition, preventing or delaying the development of symptoms
associated with the condition, reducing or ending symptoms associated with the condition,
generating a complete or partial regression of the condition, or some combinaiion thereof.

{8118] Biomarker levels may change due to treatment of the disease. The changes in biomarker
levels may be measured by the present disclosure. Changes in biomarker levels may be used to

monttor the progression of disease or therapy.
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18119} "Altered", "changed” or "significantly different” refer to a detectable change or difference
from a reasonably comparable state, profile, measurement, or the like. Such changes may be all
or none. They may be incremental and need not be linear. They may be by orders of magnitude.
A change may be an increase or decrease by 5%, 10%, 20%,30%, 40%, 50%, 60%, 70%, 80%,
90%, 95%, 99%, 100%, or more, or any value in between 0% and 100%. Alternatively, the
change may be 1-fold, 1.5- fold, 2-fold, 3-fold, 4-fold, 5-fold or more, or any values in between
1-fold and five-fold. The change may be statistically significant with a p value of 0.1, 0.05,
0.001, or 0.0001.

18128} The term “stable disease” refers to a diagnosis for the presence of a colon cancer,
however the colon cancer has been treated and remains in a stable condition, 1.e. one that that is
not progressive, as determined by imaging data and/or best clinical judgment.

[0121] The term “progressive disease” refers to a diagnosis for the presence of a highly active
state of a colon cancer, 1.e. one has not been treated and 1s not stable or has been treated and has
not responded to therapy, or has been treated and active disease remaius, as determined by
imaging data and/or best clinical judgment.

[0122] The term “neoplastic disease” refers to any abnormal growth of cells or tissues being
either benign (non-cancerous) or malignant (cancerous). For example, the neoplastic disease can
be a colon cancer.

[8123] The term “neoplastic tissue” refers to a mass of cells that grow abnormally.

[{0124] The term “non-neoplastic tissue” refers to a mass of cells that grow normally.

[8125] The term “immunotherapy” can refer to activating immunotherapy or suppressing
mmunotherapy. As will be appreciated by those in the art, activating immunotherapy refers to
the use of a therapeutic agent that induces, enhances, or promotes an immune response,
including, e g, a T cell response while suppressing immunotherapy refers to the use of a
therapeutic agent that interferes with, suppresses, or inhibits an immune response, including, e g,
a T cell response. Activating immunotherapy may comprise the use of checkpoint inhibitors.
Activating immunotherapy may comprise admunistering to a subject a therapeutic agent that
activates a stimulatory checkpoint molecule. Stimulatory checkpoint molecules include, but are
not hmited to, CD27, CD28, CD40, D122, CD137, OX40, GITR and ICOS. Therapeutic agents
that activate a stimulatory checkpoint molecule include, but are not linited to, MEDI0562,

TGN1412, CDX-1127, lipocalin,

w
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10126} The term "antibody" herein is used in the broadest sense and encompasses various
anttbody structures, inchuding but not limited to monoclonal antibodies, polyclonal antibodies,
multispecific antibodies (e.g., bispecific antibodies}, and antibody fragments so long as they
exhibit the desired antigen-binding activity. An antibody that binds to a target refers to an
antibody that is capable of binding the target with sufficient affinity such that the antibody 1s
useful as a diagnostic and/or therapeutic agent in targeting the target. In one embodiment, the
extent of binding of an anti-target antibody to an unrelated, non-target protein is less than about
10% of the binding of the antibody to target as measured, e.g., by a radioimmunoassay (RIA) or
biacore assay. In certain embodiments, an antibody that binds to a target has a dissociation
constant (Kd) of < 1 uM, < 100 nM, < 10 nM, < 1 nM, < 0.1 nM, < 0.01 nM, or < 0.001 nM (e.g.
108 M or less, e.g. from 108 M to 1013 M, e g, from 109 M to 1013 M), In certain
embodiments, an anti-target antibody binds to an epitope of a target that is conserved among
different species.

{8127} A "blocking antibody” or an "antagomst antibody” 1s one that partially or fully blocks,
mnhibits, interferes, or neutralizes a normal biclogical activity of the antigen 1t binds. For
example, an antagonist antibody roay block signaling through an vumune cell receptor (e.g., a T
cell receptor) 50 as to restore a functional response by T cells (e g, proliferation, cytokine
production, target cell killing) from a dysfunctional state to antigen stimulation.

[8128] An "agomst antibody" or "activating antibody” is one that mimics, promotes, stimulates,
or enhances a normal biological activity of the antigen 1t binds. Agonist antibodies can also
enhance or initiate signaling by the antigen to which it binds. In some embodiments, agonist
antibodies cause or activate signaling without the presence of the natural figand. For example, an
agonist antibody may increase memory T cell proliferation, increase cytokine production by
memory T cells, inhibit regulatory T cell function, and/or inhibit regulatory T cell suppression of
effector T cell function, such as effector T cell proliferation and/or cyiokine production.

{8128} An "antibody fragment” refers to a molecule other than an intact antibody that comprises
a portion of an intact antibody that binds the antigen to which the intact antibody binds.
Examples of antibody fragments include but are not limited to Fv, Fab, Fab', Fab-8H, F(ab")2;
diabodies; linear antibodies; single-chain antibody molecules {e.g. scHv); and multispecific

antibodies formed from aniibody fragments.
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18136} Administering chemotherapy to a subject can comprise administering a therapeutically
effective dose of at least one chemotherapeutic agent. Chemotherapeutic agents include, but are
not imited to, 13-cis-Retinoic Acid, 2-CdA, 2-Chlorodeoxyadenosine, 5-Azacitidineg, 5-
Fluorouracil, 5-FU, 6-Mercaptopurine, 6-MP, 6-TG, 6-Thioguanine, Abemacichib, Abiraterone
acetate, Abraxane, Accutane, Actinomycin-D, Adcetris, Ado-Trastuzumab Emtansine,
Adramycin, Adrucil, Afatinib, Afinitor, Agrylin, Ala-Cort, Aldesleukin, Alemtuzumab,
Alecensa, Alectinib, Alimta, Alitretinoin, Alkaban-AQ, Alkeran, All-transretinoic Acid, Alpha
Interferon, Aliretamine, Alunbrig, Amethopterin, Amifostine, Aminoglutethimide, Anagrelide,
Anandron, Anastrozole, Apalutamide, Arabinosylceytosine, Ara-C, Aranesp, Aredia, Arimidex,
Aromasin, Arranon, Arsenic Trioxide, Arzerra, Asparaginase, Atezolizumab, Atra, Avastin,
Avelumab, Axicabtagene Ciloleucel, Axitinib, Azacitidine, Bavencio, Beg, Beleodaq, Belinostat,
Bendamustine, Bendeka, Besponsa, Bevacizumab, Bexarotene, Bexxar, Bicalutamide, Bicnu,
Blenoxaune, Bleomycin, Blinatumomab, Blincyto, Bortezomib, Bosulif, Bosutinib, Brentuximab
Vedotin, Brigatinib, Busulfan, Busulfex, €225, Cabazitaxel, Cabozantinib, Calcium Leucovorin,
Campath, Camptosar, Camptothecin-11, Capecitabine, Caprelsa, Carac, Carboplatin,
Carfilzomib, Carmustine, Carmustine Wafer, Casodex, CCI-779, Cenu, Cddp, Ceenu, Certtinib,
Cerubidine, Cetuximab, Chlorambucil, Cisplatin, Citrovorum Factor, Cladribine, Clofarabine,
Clolar, Cobimetinib, Cometrig, Cortisone, Cosmegen, Cotellic, Cpt-11, Crizotinib,
Cyclophosphamide, Cyramza, Cytadren, Cytarabine, Cytarabine Liposomal, Cytosar-1J,
Cytoxan, Dabrafenib, Dacarbazine, Dacogen, Dactinomycin, Daratumumab, Darbepoetin Alfa,
Darzalex, Dasatinib, Daunomyein, Daunorobicin, Daunorubicin Cytarabine (Liposomal),
daunorubicin-hydrochionde, Daunorubicin Liposomal, DaunoXome, Decadron, Decitabine,
Degarelix, Delta-Cortef, Deltasone, Denleukin Diftitox, Denosumab, DepoCyt, Dexamethasone,
Dexamethasone Acetate, Dexamethasone Sodium Phosphate, Dexasone, Dexrazoxane, Dhad,
Dic, Dicdex, Docetaxel, Doxil, Doxorubicin, Doxorubicin Liposomal, Droxia, DTIC, Dtic-
Dome, Duralone, Durvalumab, Eculizumab, Efudex, Fllence, Elotuzumab, Eloxatin, Elspar,
Eltrombopag, Emcyt, Empliciti, Enasidenib, Enzalutamide, Epirubicin, Epoetin Alfa, Erbitux,
Eribulin, Erivedge, Erleada, Erlotinib, Erwinia L-asparaginase, Hstramustine, Ethyol, Ftopophos,
FEtoposide, Eioposide Phosphate, Fulexin, Everclimus, Fvista, Exemestane, Fareston, Farydak,
Faslodex, Femara, Filgrastim, Firmagon, Floxuridine, Fludara, Fludarabine, Fluoroplex,

Fluorouracil, Fluorouraci! (cream), Fluoxymesterone, Flutanude, Folinic Acid, Folotyn, Fudr,
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Fulvestrant, G-Csf, Gazyva, Gefitinib, Gemcitabine, Gemtuzumab ozogamicin, Gemzar, Gilotrif,
Gleevec, Gleostine, Glhiadel Wafer, Gm-Csf, Goserelin, Gramix, Granulocyte - Colony
Stimulating Factor, Granulocyte Macrophage Colony Stimulating Factor, Halaven, Halotestin,
Herceptin, Hexadrol, Hexalen, Hexamethylmelamine, Hmm, Hycamtin, Hydrea, Hydrocort
Acetate, Hydrocortisone, Hydrocortisone Sodium Phosphate, Hydrocortisone Sodium Succinate,
Hyvdrocortone Phosphate, Hydroxyurea, Ibrance, tbritumomab, Ibritumomab Tiuxetan, tbrutintb,
Iclusig, Idamycin, Idarubicin, Idelalisib, Idhifa, Ifex, IFN-alpha, ffosfanuide, 1L-11, 1L-2,
Imbruvica, Imatinib Mesylate, Imfinzi, Imidazole Carboxamide, Imlygic, Inlyta, Inotuzumab
Ozogamicin, Interferon-Alfa, Interferon Alfa-2b (PEG Conjugate}, Interleukin-2, Interfeukin-11,
Intron A {interferon alfa-2b), Ipilimumab, Iressa, Irinotecan, Irinotecan (Liposomal),
Isotretinoin, Istodax, Ixabepilone, Ixazomib, Ixempra, Jakafi, Jeviana, Kadcyla, Keytruda,
Kidrolase, Kisgali, Kymriah, Kyprokhs, Lanacort, Lanreotide, Lapatinib, Lartruvo, L~
Asparaginase, Lbrance, Ler, Lenalidomide, Lenvatinub, Lenvima, Letrozole, Leucovorin,
Leukeran, Leukine, Leuprolide, Leurocristine, Leustatin, Liposomal Ara-C, Liquid Pred,
Lomustine, Lonsurf, L-PAM, L-Sarcolysin, Lupron, Lupron Depot, Lynparza, Margibo,
Matulane, Maxidex, Mechlorethamine, Mechlorethamine Hydrochloride, Medralone, Medrol,
Megace, Megestrol, Megestrol Acetate, Mekiust,, Mercaptopurine, Mesna, Mesnex,
Methotrexate, Methotrexate Sodium, Methylprednisclone, Meticorten, Midostaurin, Mitomycin,
Mitomycin-C, Mrtoxantrone, M-Prednisol, MTC, MTX, Mustargen, Mustine, Muotamycin,
Myleran, Mylocel, Mylotarg, Navelbine, Necitumumab, Nelarabine, Neosar, Neratinib, Nerlynx,
Neulasta, Neumega, Neupogen, Nexavar, Nilandron, Nilotinib, Nilutamide, Ninlaro, Nipent,
Niraparib, Nitrogen Mustard, Nivolumab, Nolvadex, Novantrone, Nplate, Obinutuzamab,
Qctreotide, Octreotide Acetate, Odomzo, Ofatumumab, Olaparib, Olaratumab, Omacetaxine,
Oncospar, Oncovin, Onvyde, Ontak, Onxal, Opdivo, Oprelvekin, Orapred, Orasone,
Osimertinib, Otrexup, Oxaliplatin, Paclitaxel, Paclitaxel Protein-bound, Palbociclib,
Pamidronate, Panttumumab, Panobinostat, Panretin, Paraplatin, Pazopanib, Pediapred, Peg
Interferon, Pegaspargase, Pegfilgrastim, Peg-Intron, PEG-L-asparaginase, Pembrolizumab,
Pemeirexed, Pentostatin, Perjeta, Pertuzumab, Phenvialanine Mustard, Platinol, Platinol-AQ,
Pomalidomide, Pomalyst, Ponatinib, Portrazza, Pralairexate, Prednisolone, Prednisone, Prelone,
Procarbazine, Procrit, Proleukin, Prohia, Prolifeprospan 20 with Carmustine Implant, Promacta,

Provenge, Purinethol, Radium 223 Dichloride, Raloxifene, Ramucirumab, Rasuvo, Regorafenib,
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Revlimid, Rheumatrex, Ribocichb, Rituxan, Rituxan Hycela, Rituximab, Rituximab
Hyvalurodinase, Roferon-A (Interferon Alfa-2a), Romidepsin, Romiplostim, Rubex, Rubidomycin
Hydrochloride, Rubraca, Rucaparib, Ruxolitimb, Rydapt, Sandostatin, Sandostatin LAR,
Sargramostim, Stltuximab, Sipuleucel-T, Soliris, Solu-Cortef, Solu-Medrol, Somatuline,
Sonidegib, Sorafenib, Sprycel, St1-571, Stivarga, Streptozocin, SU11248, Sunitinib, Sutent,
Sylvant, Synribo, Tafinlar, Tagrisso, Talimogene Laherparepvec, Tamoxifen, Tarceva, Targretin,
Tasigna, Taxol, Taxotere, Tecentriq, Temodar, Temozolomide, Temsirolimus, Teniposide,
Tespa, Thalidomide, Thalomid, TheraCys, Thioguanine, Thioguanine Tabloid,
Thiophosphoamide, Thioplex, Thiotepa, Tice, Tisagenlecleucel, Toposar, Topotecan,
Toremifene, Torisel, Tosttumomab, Trabectedin, Trametinib, Trastuzumab, Treanda, Trelstar,
Tretinoin, Trexall, Trifluridine/Tipiricil, Triptorelin pamoate, Trisenox, Tspa, T-VEC, Tykerb,
Valrubicin, Valstar, Vandetanib, VCR, Vectibix, Velban, Velcade, Vemurafenib, Venclexta,
Venetoclax, VePesid, Verzenio, Vesanoid, Viadur, Vidaza, Vinblastine, Vinblastine Sulfate,
Vincasar Pfs, Vincnistine, Vincnistine Liposomal, Vinorelbine, Vinorelbine Tartrate,
Vismodegib, Vib, VM-26, Vorinostat, Votrient, VP-16, Vumon, Vyxeos, Xalkort Capsules,
XKeloda, Xgeva, Xofigo, Xtandi, Yervoy, Yescarta, Yondelis, Zaltrap, Zanosar, Zarxio, Zejula,
Zelboraf, Fevalin, Zimecard, Ziv-atlibercept, Zoladex, Zoledronic Acid, £olinza, Zometa,
Zydelig, Zykadia, Zvtiga, or any combination thereof.

[8131] The terms “effective amount” and “therapeutically effective amount” of an agent or
compound are used in the broadest sense to refer to a nontoxic but sufficient amount of an active
agent or compound to provide the desired effect or benefit.

[0132] The term "benefit” is used m the broadest sense and refers to any desirable effect and
specifically includes chimical benefit as defined herein. Clinical benefit can be measured by
assessing various endpoints, e.g., inhibition, to some extent, of disease progression, including
slowing down and complete arrest; reduction in the number of disease episodes and/or
symptoms; reduction in lesion size; inhibition {1.e., reduction, slowing down or complete
stopping) of disease cell infiltration into adjacent peripheral organs and/or tissues; mhibition (1.e.
reduction, slowing down or complete stopping} of disease spread; decrease of auto-immune
response, which may, but does not have to, result in the regression or ablation of the disease
lesion; relief, to some extent, of one or more sympioms associated with the disorder; increase in

the length of disease-free presentation following treatment, e.g., progression-free survival;
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increased overall survival; higher response rate; and/or decreased mortality at a given point of
ume following treatment.

10133} The terms "cancer" and "cancerous” refer to or describe the physiological condition in
mammals that is typically characterized by unregulated cell growth. Included in this definition
are benign and malignant cancers. Examples of cancer include but are not limited to, carcinoma,
lymphoma, blastoma, sarcoma, and leukemia. More particular examples of such cancers include
adrenocortical carcinoma, bladder urothelial carcinoma, breast invasive carcinoma, cervical
squamous cell carcinoma, endocervical adenocarcinoma, cholangiocarcinoma, colon
adenocarcinoma, lymphoid neoplasm diffuse large B-cell lymphoma, esophageal carcinoma,
elioblastoma multiforme, head and neck squamous cell carcinoma, kidney chromophobe, kidney
renal clear cell carcinoma, kidney renal papillary cell carcinoma, acute myeloid leukemia, brain
fower grade glioma, liver hepatocellular carcinoma, lung adenocarcinoma, lung squamous cell
carcinoma, mesothelioma, ovarian serous cystadenocarcinoma, pancreatic adenocarcinoma,
pheochromocytoma, paraganglioma, prostate adenocarcinoma, rectum adenocarcinoma,
sarcoma, skin cutaneous melanoma, stomach adenocarcinoma, testicular germ cell tumors,
thyroid carcinoma, thymoma, uterine carcinosarcoma, uveal melanoma. Other examples include
breast cancer, lung cancer, lymphoma, melanoma, hiver cancer, colorectal cancer, ovanian cancer,
bladder cancer, renal cancer or gastric cancer. Further examples of cancer include
neuroendocrine cancer, non-small cell tung cancer (NSCLC), small cell lung cancer, thyroid
cancer, endometrial cancer, biliary cancer, esophageal cancer, anal cancer, salivary, cancer,
vulvar cancer or cervical cancer.

[0134] The term "tumor” refers to all neoplastic cell growth and proliferation, whether malignant
or bemign, and all pre-cancerous and cancerous cells and tissues. The terms "cancer,”

8o

"cancerous,” "cell proliferative disorder," "proliferative disorder” and "tumor” are not mutually

exclusive as referred to herein.

Examples
18135} The disclosure 1s further illustrated by the following examples, which are not to be
consirued as limiting this disclosure in scope or spirit to the specific procedures herein described.
It is to be understood that the examples are provided to illustrate certain aspects and that no

limitation to the scope of the disclosure is intended thereby. It is to be further understood that resort
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may be had to varipus other aspects, embodiments, modifications, and equivalents thereof which
may suggest themselves to those skilled in the art without departing from the spirit of the present

disclosure and/or scope of the appended claims.

EXAMPLE 1. Derivation of a 13-marker gene panel

{0136} Raw probe mntensities from # = 24 colon cancer tumor tissue samples were compared to »
= 22 control colon mucosa to identify genes that best discriminated between disease using the
transcriptional profile of E-MTAB-57. Gene co-expression networks were generated to identify
temporal patterns of gene regulation agsociated with colon cancer. A total of 513 nodes with 53,786
links were identified. Differential expression analysis identified 103 genes were upregulated in
tumor tissue compared to blood. To identify blood-specific colon cancer gene biomarkers, we
evaluated expression of the 103 genes in peripheral blood transcriptomes (n = 7). Thirty-three
{32%) of the 103 genes were below the level of detection in blood 1dentifying these as candidate
genes. Evaluation of transcripts in a preliminary dataset of blood samples from colon cancer (n =
20} and matched normal blood (n = 20) dentified thirteen genes and one house-keeping gene as
markers of colon cancer (Table 2). These genes were demonstrated to be highly expressed in colon
cancer tumor tissue compared to normal mucosa and in three different colon cancer cell lines,
LOVO (metastatic, hyperdiploid, MST unstable cell line), 1.5-180 (derived from a Duke’s B,
colorectal  adenocarcinoma) and Colo 320DM  (derived from a Duke’s €, colorectal
adenocarcinoma). These data demonstrate target transcripts are produced by neoplastically
transformed colon mucosal cells (FiGs. 14-1B).

{6137} An artificial intelligence model of colon cancer disease was built using normalized gene
expression of these 13 markers in whole blood from Controls {(#=120) and Colon Cancers (3=272)
samples. The dataset was randomly split into training and testing partitions for model creation and
validation respectively. Twelve algorithms were evaluated (XGB, RF, glmnet, cforest, CART,
treebag, knn, nnet, SVM-radial, SYM-linear, NB and mip). The top performing algorithm (XGB
— “gradient boosting”} best predicted the training data. In the test set, XGB produced probability
scores that predicted the sample. Each probability score refiects the “certainty” of an algorithm
that an unknown sample belongs to either “Control” or “Colon Cancer” class. For example, an
unknown sample S1 can have the following probability vector {Control = 20%, Colon Cancer =

80%]}. This sample would be considered a colon cancer sample.
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Example 2. Clinical Utility
{0138} The data {receiver operator cuver analysis and metrics) for the utility of the test to
differentiate patients with colon cancer {(#=136} from controls (#=60} in the training and test sets
are included in ¥1Gs. 2A-2B. The score exhibited an area under the curve (AUC) of 0.90 (training)
and 0.86 (test set). The metrics are: sensitivity: 85.3-87.5% and specificity: 75-83.3%.
18139] Overall, ColoTest scores were significantly elevated in cancers (63+1%) and controls
{34+2%) (FiGs. 3A-3B). The overall accuracy (training and test cohort) 15 84%, with an AUC:
0.88. The z-statistic for differentiating controls was 18.5.
[01408] A decision curve analysis was used to quantify the clinical benefit of the diagnostic test
(FIGs. 4A-4B). The ColoTest extubited >50% standardized predictive benefit up to a risk
threshold of 80%. The probit risk assessment plot identified a ColoTest score >50% was 75%
accurate for predicting colon cancer in a blood sample. This was increased to >80% at a ColoTest
score >00%. The tool can therefore accurately differentiate between controls and colon cancer
disease.
[0141] Specific evaluation of a colon cancer cobort before and after surgery identified that
complete removal of a tumor and no evidence of disease was associated with a significant decrease
{p<0.0001) in the ColoTest (FIG. 8). Levels were not significantly different in those with evidence
of residual disease.
[0142] Examimnation of a separate colon cancer cohort by disease status (clinical evaluation at time
of blood-draw} identified that the ColoTest was not significantly different between stable (#=17.
S5647%) and progressive disease (=32 68+4%) (FIGs. 6A-6C). However, 12 of the 17 patients
progressed with 3 months of blood collection. Those that did progress exhibited elevated ColoTest
scores at time of blood draw (s=12: 73+4%) that were not different to those with progressive
disease at time of biood draw {(#=32: 68+4%) (F1Gs. 6A-6C). Levels in patients with stable disease
were significantly lower (=5 16+4%, p<<C¢.0001). A direct comparison between the ColoTest and
CEA i these samples identified that the gene expression assay was significantly more sensitive
{(p<0.05} than CEA for predicting disease progression (FEG. 7). The ColoTest tool can therefore
accurately predict progressive colon cancer disease.
6143} ROC analysis identified the ColoTest had an AUC: 0.97 for differentiating stable from
progressive disease. The z-statistic for differentiating controls was 20.6. Further evaluation of this
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cohort identified that patients who exhibited disease progression despite therapy exhibited higher

scores than those responding to therapy (FIG. 8). Therapies included bevacizumab, chemotherapy

and EGFR TKI inhibitors. The tool can therefore accurately identify treatment failure in colon

cancer disease.

Table 2.
Colon Cancer Biomarker or
NCB1 . )
Housekeeping Genes Chromeosome U“?G"‘“" RefSeq Amplicon| Exon Assa‘y
. 13 length | Boundary | Location
focation
Symbol Name
: . Chr.26:
hesion regulk ,
aprm P4 o B 62302056 - | Hs.90107 | NML_0070023 | 60 3-4 486
motene 62308862
ol i Chr. 12:
Coks clin iﬁp@ﬂdm 57747727 | Hs.95577 | NM_OGOOTS3 | 65 5.6 928
1nase 57752447
el Chr22:
COMT Caf:;}ﬁi © conge | 19941740~ |Hs.370408| NM 0007543 | 118 5-6 864
MOy Tansicrase 190969975
7- Chr.11:
DHCR?  |dehydrocholesterol | 71434411 — |Hs 503134|NM 0011638171 74 34 351
reductase 71448431
Chr.16:
HMOX2  theme oxygenase 2 | 4474697 - |Hs 284279 |NM 0011272041 81 5-6 1002
4510347
minichromosome
maintenance Chr3: ,
MCM? 1 127598357 — | Hs. 477481 NM_004526.3 67 13-14 2374
compiox 127622436
component 2
MORF4L . Chr 15
stality factor 4 15
(housekeeping ;“k“ f‘“ AROTR | 0872781 - | Hs 374503 |NM_001265603.1| 62 ! 116
gene) Lo 78857739
pyridoxal Chr21:
PDXK  |(pyridoxine, 43719097 - |Hs.284491| NM_ 0036814 | 103 9-10 959
vitamin B6) kinase | 43762307
POP7 homolog, Chr 7:
POP7  lribonuclease 100706053 — | Hs.416994| NM_003837.2 | 136 2 $28
P/MRP subunit 100707500
o $100 calci Chra: o
sioop N Cw:‘, b | 6693839 | F5.2962 | NM 0059802 73 12 234
naing pTO €11 | 6697170
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small nuclear Chr.19-
SNEPA nbonucleoprotein 40750854 - |Hs. 466775 NM 0045564 123 3-4 986
polypeptide A 40765392
sorp  [sorvitol 45%22‘11 34 _ | Hs.878 | NM 0031045 72 4.5 501
dehydrogenase 43075089
Chr.9:
STOML2  istomatin like 2 35099776 — | Hs.3439 |[NM 001287031.1 68 2-3 290
35103195
uridine Chr.3:
UMPS monophosphate 124730366 — | H5.2057 NM 0003733 85 3-4 1082
synthetase 124749273
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Eguivalents
{6168] While the present invention has been described in conjunction with the specific aspects set
forth above, many alternatives, modifications and other variations thereof will be apparent to those
of ordinary skill in the art. All such alternatives, modifications and variations are intended to fall

within the spirit and scope of the present invention.
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