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METHODS FOR ASSESSING THE RISK OF DISEASE OCCURRENCE OR
RECURRENCE USING EXPRESSION LEVEL AND SEQUENCE VARIANT
INFORMATION

CROSS REFERENCE
[0001] This application claims priority to U.S. provisional application 62/128,463, filed
on March 4, 2015, U.S. provisional application 62/128,469, filed on March 4, 2015, and U.S.
provisional application 62/238,893, filed on October 8, 2015, each of which is entirely
incorporated herein by reference.
BACKGROUND
[0002] A risk adapted approach to a disease therapy, such as thyroid cancer therapy, may
minimize the risk of disease occurrence, in addition to improving disease specific survival.
Currently, this risk adapted approach to initial subject management is based in large part
upon post-operative classification of subjects either as high, intermediate or low risk of
disease recurrence utilizing the 2009 American Thyroid Association (ATA) staging system.
While this anatomic staging system has proven clinically useful, it cannot be accurately
assessed prior to an invasive thyroidectomy, and it does not include any molecular predictors
of disease outcome.
SUMMARY
[0003] Provided herein are various methods for assessing or stratifying risk of disease
occurrence and/or recurrence. Transcriptional data obtained during pre-diagnostic or
diagnostic evaluation, such as fine needle aspiration (FNA), can improve the pre-operative
prediction of risk occurrence of a disease such as thyroid cancer, and can provide further
individualization of subject therapy and treatment. Methods of the present disclosure may
provide an assessment with respect to a risk of occurrence and/or recurrence of a disease in a
relatively noninvasive manner and using low sample volumes.
[0004] An aspect of the present disclosure provides a method for evaluating a tissue
sample of a subject to determine a risk of occurrence of disease in the subject. The method
comprises (a) obtaining an expression level corresponding to each one or more genes of a
first set of genes in a nucleic acid sample in a needle aspirate sample obtained from the
subject, which first set of genes is associated with the risk of occurrence of disease in the
subject; (b) determining a presence of a nucleic acid sequence corresponding to each of one

or more genes of a second set of genes in the nucleic acid sample, which second set of genes
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is associated with the risk of occurrence of disease in the subject; (¢) separately comparing to
controls (i) the expression level obtained in (a) and (i1) the nucleic acid sequence obtained in
(b) to provide comparisons of the expression level and the nucleic acid sequence to the
controls, wherein a comparison of the nucleic acid sequence to a reference sequence among
the controls is indicative of a presence of one or more sequence variants with respect to a
given gene of the second set of genes; and (d) using a computer processor that is programmed
with a trained algorithm to (i) analyze the comparisons and (i1) determine the risk of
occurrence of the disease based on the comparisons.

[0005] In some embodiments, the needle aspirate sample is a fine needle aspirate sample.
In some embodiments, the disease is cancer. In some embodiments, the method further
comprises, prior to (a), obtaining the needle aspirate sample from the subject. In some
embodiments, the method further comprises, prior to (a), determining the expression level
from the nucleic acid sample in the needle aspirate sample. In some embodiments, the
method further comprises, prior to (b), determining the nucleic acid sequence from the
nucleic acid sample in the needle aspirate sample. In some embodiments, the method further
comprises comparing the nucleic acid sequence to the reference sequence to identify the one
or more sequence variants. In some embodiments, the reference sequence is a housekeeping
gene from the subject. In some embodiments, the one or more genes in the first set or second
set of genes include a plurality of genes.

[0006] In some embodiments, the needle aspirate sample has been found to be
cytologically ambiguous or suspicious. In some embodiments, the needle aspirate sample has
a volume that is about 1 microliter or less. In some embodiments, the needle aspirate sample
has an RNA Integrity Number (RIN) value of about 9.0 or less. In some embodiments, RNA
purified from a needle aspirate sample has an RNA RIN value of about 9.0 or less. In some
embodiments, the needle aspirate sample has an RIN value of about 6.0 or less. In some
embodiments, the RNA sample has an RIN value of about 6.0 or less.

[0007] In some embodiments, the risk of occurrence of the disease includes a risk of
recurrence of the disease in the subject. In some embodiments, the risk of occurrence of the
cancer includes a risk of metastasis in the subject. In some embodiments, the risk of
occurrence of cancer includes a risk of accelerated disease progression. In some
embodiments, the risk of occurrence of cancer includes a risk of therapeutic failure.

[0008] In some embodiments, the trained algorithm is trained employing tissue samples

from at least 25 or at least 100 subjects having been diagnosed with the disease. In some
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embodiments, the trained algorithm is trained employing tissue samples from at least 200
subjects having been diagnosed with the disease.

[0009] In some embodiments, (d) occurs pre-operatively. In some embodiments, (d)
occurs prior to the subject having a positive disease diagnosis. In some embodiments, (d)
further comprises stratifying the risk of occurrence into a low risk of occurrence or a
medium-to-high risk of occurrence, wherein the low risk of occurrence has a probability of
occurrence between about 50% and about 80% and wherein the medium-to-high risk of
occurrence has a probability of occurrence between about 80% and 100%.

[0010] In some embodiments, the method further comprises applying one or more filters,
one or more wrappers, one or more embedded protocols, or any combination thereof to the
comparisons. In some embodiments, the one or more filters are applied to the comparisons. In
some embodiments,the one or more filters comprise a t-test, an analysis of variance
{ANOVA) analysis, a Bayesian framework, a Gamma distribution, a Wilcoxon rank sum test,
between-within class sum of squares test, a rank products method, a random permutation
method, a threshold number of misclassification (TNoM), a bivariate method, a correlation
based feature selection {CFS) method, a minimum redundancy maximum relevance (MRMR)
method, a Markov blanket filter method, an uncorrelated shrunken centroid method, or any
combination thereof. In some embodiments, the one or more sequence variants comprise one
or more of a point mutation, a fusion gene, a substitution, a deletion, an insertion, an
inversion, a conversion, a translocation, or any combination thereof. In some embodiments,
the one or more point mutations are from about 5 to about 4000 point mutations. In some
embodiments, the one or more fusion genes are at least two fusion genes.

[0011] In some embodiments, the stratifying has an accuracy of about 80%. In some
embodiments, the stratifying has a specificity of about 80%. In some embodiments, the one
or more genes of the first or second set is less than about 15 genes or less than about 10
genes. In some embodiments, the one or more genes of the first or second set is less than
about 75 genes. In some embodiments, the one or more genes of the first or second set is
between about 50 and about 400 genes.

[0012] In some embodiments, the obtaining in (b) comprises sequencing a nucleic acid
sample in the needle aspirate sample to obtain the nucleic acid sequence. In some
embodiments, the sequencing comprises enriching for the one or more genes of a second set
of genes, or variants thereof. In some embodiments, (a) comprises using a microarray with

probes that are selective for the one or more genes of the first set of genes. In some
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embodiments, (a) comprises using a targeted sequencing platform (such as Ion Torrent
Ampliseq, or lllumina TruSeq Custom Amplicon).

[0013] In some embodiments, the tissue sample is a thyroid tissue sample. In some
embodiments, the first and second sets of genes comprise COL1A1, THBS2, or any
combination thereof. In some embodiments, the second set of genes comprise EPHA3,
COLI1A1, EHF, RAPGEF5, PRICKLE1, TMEMO92, ROBO1, C60orf136, SPAG4, GALNTI5,
LUM, NCAM2, NUP210L, NR2F1, THBS2, PSORSICI, or any combination thereof. In
some embodiments, the first set of genes comprises COL1A1, TMEM92, Clorf87, SPAG4,
EHF, COL3A1, GALNT15, NUP210L, PDZRN3, C60rf136, NA, NRXN3, COL6A3,
RAPGEFS5, PRICKLE1, LUM, ROBO1, BGN, AC019117.2, PRSS3P1, or any combination
thereof. In some embodiments, the second set of genes comprises EPHA3, COL1A1, EHF,
RAPGEF5, PRICKLE1, TMEM92, ROBO1, C60rf136, SPAG4, GALNT15, LUM, NCAM2,
SYNPO2, NUP210L, AMZ1, NR2F1, THBS2, PSORSIC1, FTH1P24, or any combination
thereof. In some embodiments, the second set of genes comprises AKAP9, SPRY3, SPRY3,
CAMKK2, COL1A1, FITM2, COX6C, VSIG10L, CYC1, KDM1B, MAPK 15, ARSG,
PAXIP1, DAAMI, AVL9, DMGDH, HLA-DQA 1, HLA-DQB1, HLA-DRA, HLA-DRBS,
HLA-H, IRF1, MGATI1, P2RX1, PLEK, CCDC93, PPP1R12C, SLC41A3, METTL3,
CCAR2, PTPRE, SRL, SLC30A5, BMP4, ZNF133, ICE2, DCAKD, TMX1, TNFSF12,
PER2, MCM3AP, or any combination thereof.

[0014] In some embodiments, the first set of genes and the second set of genes are
different. In some embodiments, the method further comprises identifying new genetic
biomarkers of the disease.

[0015] In some embodiments, the obtaining in (a) comprises assaying for the expression
level corresponding to each of the one or more genes. In some embodiments, the assaying
comprises array hybridization, nucleic acid sequencing or nucleic acid amplification using
markers that are selected for each of the one or more genes. In some embodiments, the
markers are primers that are selected for each of the one or more genes.

[0016] In some embodiments, the assaying comprises reverse transcription polymerase
chain reaction (PCR). In some embodiments, the determining comprises assaying for each of
the one or more genes of the second set of genes in the nucleic acid sample. In some
embodiments, the assaying comprises array hybridization, nucleic acid sequencing or nucleic
acid amplification using markers that are selected for each of the one or more genes. In some

embodiments, the markers are primers that are selected for each of the one or more genes. In
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some embodiments, the assaying comprises reverse transcription polymerase chain reaction
(PCR).

[0017] Another aspect of the present disclosure provides a computer-readable medium
(e.g., memory) comprising machine-executable code that, upon execution by one or more
computer processors, implements any of the methods above or elsewhere herein.

[0018] Another aspect of the present disclosure provides a computer system comprising
one or more computer processors and a computer-readable medium coupled thereto. The
computer-readable medium may comprise machine-executable code that, upon execution by
the one or more computer processors, implements any of the methods above or elsewhere
herein.

[0019] Additional aspects and advantages of the present disclosure will become readily
apparent to those skilled in this art from the following detailed description, wherein only
illustrative embodiments of the present disclosure are shown and described. As will be
realized, the present disclosure is capable of other and different embodiments, and its several
details are capable of modifications in various obvious respects, all without departing from
the disclosure. Accordingly, the drawings and description are to be regarded as illustrative in

nature, and not as restrictive.

INCORPORATION BY REFERENCE
[0020] All publications, patents, and patent applications mentioned in this specification
are herein incorporated by reference to the same extent as if each individual publication,
patent, or patent application was specifically and individually indicated to be incorporated by
reference. To the extent publications and patents or patent applications incorporated by
reference contradict the disclosure contained in the specification, the specification is intended

to supersede and/or take precedence over any such contradictory material.

BRIEF DESCRIPTION OF THE DRAWINGS
[0021] The novel features of the invention are set forth with particularity in the appended
claims. A better understanding of the features and advantages of the present invention will be
obtained by reference to the following detailed description that sets forth illustrative
embodiments, in which the principles of the invention are utilized, and the accompanying
drawings (also “figure” and “FIG.” herein), of which:
[0022] FIG. 1 shows a sample cohort of cytology data and expert histopathology data

stratified into low risk and medium-to-high risk of occurrence of cancer;
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[0023] FIG. 2 shows histopathology risk features and the number and percent of samples
for each feature;

[0024] FIG. 3 shows cross validation of true positive rates plotted against false positive
rates;

[0025] FIG. 4 shows classification performance data plotting predictive values against
prevalence of medium-to-high risk;

[0026] FIG. 5 shows classification performance data across low risk and medium-to-high
risk groups;

[0027] FIG. 6 shows an example list of genes associated with a risk of occurrence of
thyroid cancer based on gene expression level data;

[0028] FIG. 7 shows an example list of genes associated with a risk of occurrence of
thyroid cancer based on gene expression level data obtained from ribonucleic acid (RNA)
sequencing;

[0029] FIG. 8 shows an example list of genes associated with a risk of occurrence of
thyroid cancer based on sequence variant data;

[0030] FIG. 9 shows a computer control system that is programmed or otherwise
configured to implement methods provided herein;

[0031] FIG. 10 shows a flow diagram of determining accurate training labels;

[0032] FIG. 11A shows cross validation of true positive rates plotted against false
positive rates;

[0033] FIG. 11B shows classification performance data across intermediate/high risk and
low risk groups;

[0034] FIG. 12 shows an example list of genes of variants selected by the classifier in
each fold;

[0035] FIG. 13 shows an example list of genes of counts selected 8 to 10 times by the
classifier in 10 folds;

[0036] FIG. 14 shows a table of five point mutation panels and fusion pairs;

[0037] FIG. 15 shows a graph of test performance specificity and sensitivity across five
panels of mutations and fusion pairs;

[0038] FIG. 16 shows a table of mutation performance of panel 3 in FIGs. 14 and 15 by
cytology);

[0039] FIG. 17 shows a graph of test performance specificity and sensitivity across five

panels of mutations and fusion pairs;
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[0040] FIG. 18A shows a graphical representation; FIG. 18B shows a table
representation of mutation frequency of a Clinical Laboratory Improvement Amendments
(CLIA) fine needle aspirate (FNA) sample;

[0041] FIG. 19A shows a graphical representation; FIG. 19B shows a table
representation of mutation frequency of a FNA sample; and

[0042] FIG. 20A shows a graphical representation; FIG. 20B shows a table

representation of mutation frequency of a tissue sample.

DETAILED DESCRIPTION
[0043] While various embodiments of the invention have been shown and described
herein, it will be obvious to those skilled in the art that such embodiments are provided by
way of example only. Numerous variations, changes, and substitutions may occur to those
skilled in the art without departing from the invention. It should be understood that various
alternatives to the embodiments of the invention described herein may be employed.
[0044] The term “subject,” as used herein, generally refers to any animal or living
organism. Animals can be mammals, such as humans, non-human primates, rodents such as
mice and rats, dogs, cats, pigs, sheep, rabbits, and others. Animals can be fish, reptiles, or
others. Animals can be neonatal, infant, adolescent, or adult animals. Humans can be more
than about 1, 2, 5, 10, 20, 30, 40, 30, 60, 65, 70, 75, or about 80 years of age. The subject
may have or be suspected of having a disease, such as cancer. The subject may be a patient,
such as a patient being treated for a disease, such as a cancer patient. The subject may be
predisposed to a risk of developing a disease such as cancer. The subject may be 1n remission
from a disease, such as a cancer patient. The subject may be healthy.
[0045] The term “disease,” as used herein, generally refers to any abnormal or pathologic
condition that affects a subject. Examples of a disease include cancer, such as, for example,
thyroid cancer, parathyroid cancer, lung cancer, skin cancer, and others. The disease may be
treatable or non-treatable. The disease may be terminal or non-terminal. The disease can be a
result of inherited genes, environmental exposures, or any combination thereof. The disease
can be cancer, a genetic disease, a proliferative disorder, or others as described herein,
[0046] The term “risk of occurrence of disease,” as defined herein, generally refers to a
risk or probability associated with the occurrence of a disease in a subject. A risk of
occurrence can include a first occurrence of disease in a subject or can include subsequent
occurrences, such as a second, third, fourth, or subsequent occurrence. A risk of occurrence

of disease can include a) a risk of developing the disease for a first time, b) a risk of relapse
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or of developing the disease again, c) a risk of developing the disease in the future, d) a risk
of being predisposed to developing the disease in the subject’s lifetime, or ) a risk of being
predisposed to developing the disease as an infant, adolescent, or adult. A risk of occurrence
of a disease, such as cancer, can include a risk of the cancer becoming metastatic. A risk of
occurrence of a disease such as cancer can include a risk of occurrence of a stage I cancer, a
stage II cancer, a stage III cancer, or a stage IV cancer. Risk of occurrence of cancer can
include a risk for a blood cancer, tissue cancer (e.g., a tumor), or a cancer becoming

metastatic to one or more organ sites from other sites.

2% 2%

[0047] The term “sequence variant,” “sequence variation,” “sequence alteration” or
“allelic variant,” as used herein, generally refer to a specific change or variation in relation to
a reference sequence, such as a genomic deoxyribonucleic acid (DNA) reference sequence, a
coding DNA reference sequence, or a protein reference sequence, or others. The reference
DNA sequence can be obtained from a reference database. A sequence variant may affect
function. A sequence variant may not affect function. A sequence variant can occur at the
DNA level in one or more nucleotides, at the ribonucleic acid (RNA) level in one or more
nucleotides, at the protein level in one or more amino acids, or any combination thereof. The
reference sequence can be obtained from a database such as the NCBI Reference Sequence
Database (RefSeq) database. Specific changes that can constitute a sequence variation can
include a substitution, a deletion, an insertion, an inversion, or a conversion in one or more
nucleotides or one or more amino acids. A sequence variant may be a point mutation. A
sequence variant may be a fusion gene. A fusion pair or a fusion gene may result from a
sequence variant, such as a translocation, an interstitial deletion, a chromosomal inversion, or
any combination thereof. A sequence variation can constitute variability in the number of
repeated sequences, such as triplications, quadruplications, or others. For example, a
sequence variation can be an increase or a decrease in a copy number associated with a given
sequence (i.e., copy number variation, or CNV). A sequence variation can include two or
more sequence changes in different alleles or two or more sequence changes in one allele. A
sequence variation can include two different nucleotides at one position in one allele, such as
a mosaic. A sequence variation can include two different nucleotides at one position in one
allele, such as a chimeric. A sequence variant may be present in a malignant tissue. A
sequence variant may be present in a benign tissue. Absence of a variant may indicate that a

tissue or sample is benign. As an alternative, absence of a variant may not indicate that a

tissue or sample is benign.
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[0048] The term “mutation panel,” as used herein, generally refers to a panel designating
a specified number of genomic sites and fusion pairs that are to be detected (or interrogated)
with a risk classifier. For example, a mutation panel may comprise 9 genomic sites and 3
fusion pairs to be interrogated. Increasing the sensitivity of a risk classifier by increasing the
number of point mutations and fusion pairs detected may decrease the sensitivity of a risk
classifier.

[0049] A mutation panel may comprise one or more genomic sites and one or more
fusion pairs. A mutation panel may comprise more than about 1, 2, 3, 4, or 5 genomic sites. A
mutation panel may comprise more than about 15 genomic sites. A mutation panel may
comprise more than about 100 genomic sites. A mutation panel may comprise more than
about 200 genomic sites. A mutation panel may comprise more than about 500 genomic sites.
A mutation panel may comprise more than about 1000 genomic sites. A mutation panel may
comprise more than about 2000 genomic sites. A mutation panel may comprise more than
about 3000 genomic sites. A mutation panel may comprise more than about 1 or 2 fusion
pairs. A mutation panel may comprise more than about 5 fusion pairs. A mutation panel may
comprise more than about 10 fusion pairs. A mutation panel may comprise more than about
15 fusion pairs. A mutation panel may comprise more than about 20 fusion pairs. A mutation
panel may comprise more than about 25 fusion pairs.

[0050] The term “disease diagnostic,” as used herein, generally refers to diagnosing or
screcuing for a disease, to stratify a risk of occurrence of a disease, to monitor progression of
remission of a disease, to formulate a treatment regime for the disease, or any combination
thereot. A disease diagnostic can include a) obtaining information from one or more tissue
samples from a subject, b} making a determination about whether the subject has a particular
disease based on the information or tissue sample obtained, ¢) stratitying the risk of
occurrence of the disease in the subject, d) confirming whether a subject has the disease, is
developing the disease, or is in disease remission, or any combination thereof. The disease
diagnostic may ioforre a particular treatment or therapeutic intervention for the disease. The
disease diagnostic may also provide a score indicating for example, the severity or grade of a
disease such as cancer, or the likelihood of an accurate diagnosis, such as via a p-value, a
corrected p-value, or a statistical confidence indicator. The disease diagnostic may also
indicate a particular type of a disease. For example, a disease diagnostic for thyroid cancer
may indicate a subtype such as follicular adenoma (FA}, nodular hyperplasia (NHP),
tymphocytic thyrowditis {LCT), Hiirthie cell adenoma (HA), follicular carcinoma (FC),
papillary thyrotd carcinoma (PTC), follicular variant of papillary carcinoma (FVPTC),

9
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medullary thyroid carcinoma (MTC), Hirthle cell carcinoma (HC), anaplastic thyroid
carcinoma {ATC}), renal carcinoma (RCC), breast carcinoma (BCA), melanoma (MMN)}, B
cell lymphoma (BCL)}, parathyroid (PTA), or hyperplasia papillary carcinoma (HPC).

Methods for evaluating a risk of occurrence or recurrence of a disease

[0051] The present disclosure provides methods for evaluating a tissue sample of a
subject to determine a risk of occurrence or recurrence of disease in the subject and in some
cases to determine new genetic biomarkers of the disease. Such methods can comprise
obtaining an expression level corresponding to each of one or more genes of a first set of
genes in a nucleic acid sample obtained from the subject. In some cases, the expression level
is obtained using a microarray with probes that are selective for the one or more genes of the
first set of genes. The nucleic acid sample may be obtained by the subject or by another
individual, such as a medical professional. The first set of genes may be associated with the
risk of occurrence of disease in the subject. In some examples, the nucleic acid sample is
obtained by FNA, surgery (e.g., surgical biopsy), or other approaches for obtaining a sample
from the subject. The nucleic acid sample may be in a tissue sample (such as a thyroid tissue
sample), a blood sample, or a fluid sample obtained from the subject. In an example, the
nucleic acid sample may be included in an FNA sample obtained from the subject.

[0052] Next, a presence of a nucleic acid sequence corresponding to each of one or more
genes of a second set of genes in the nucleic acid sample is determined. The second set of
genes may be associated with the risk of occurrence of disease in the subject. In some
examples, the presence of the sequence is determined by sequencing the nucleic acids in the
FNA sample to obtain the nucleic acid sequence. The sequencing may also enrich for the one
or more genes of a second set of genes, or variants thereof.

[0053] Next, the obtained expression level and the obtained nucleic acid sequence are
compared to controls to provide comparisons of the expression level and the nucleic acid
sequence to the controls. A comparison of the nucleic acid sequence to a reference sequence
among the controls may be indicative of a presence of one or more sequence variants with
respect to a given gene of the second set of genes. The reference sequence can be, for
example, a housekeeping gene obtained from the subject.

[0054] Next, the comparisons are analyzed and the risk of occurrence or recurrence of the
disease is determined based on the comparisons. In some examples, an algorithm
implemented by one or more programmed computer processors is used to analyze the
comparisons and determine the risk of occurrence or recurrence of the disease. The

algorithm may be a trained algorithm (e.g., an algorithm that is trained on at least 10, 200,

10
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100 or 500 reference samples). References samples may be obtained from subjects having
been diagnosed with the disease or from healthy subjects.

[0055] In some examples, the expression level for each of the one or more genes of a first
set of genes can be obtained by assaying for the expression level. In some examples, the
presence of a nucleic acid sequence corresponding to each of the one or more genes of a
second set of genes can by determined by assaying for each of the one or more genes. In such
examples, assaying may comprise array hybridization, nucleic acid sequencing, nucleic acid
amplification, or others. Assaying may comprise sequencing, such as DNA or RNA
sequencing. Such sequencing may be by next generation (NextGen) sequencing. Assaying
may comprise reverse transcription polymerase chain reaction (PCR). Assaying may utilize
markers, such as primers, that are selected for each of the one or more genes of the first or
second sets of genes.

[0056] Before obtaining the expression level corresponding to the one or more genes of the
first set of genes, the sample may be obtained from the subject. The expression level of a
plurality of genes of the nucleic acid sample may also be determined prior to obtaining the
expression level corresponding to the one or more genes of the first set of genes. In some
cases, before determining the presence of a nucleic acid sequence of the second set of genes,
nucleic acid sequences of the plurality of genes in the sample can be determined.

[0057] In some examples, the disease is cancer, such as thyroid cancer, breast cancer or
others. Determining a risk of occurrence or recurrence can also be determined in non-
cancerous diseases such as a genetic disorder, a hyper-proliferative disorder or others.

[0058] The sample obtained from the subject may be cytologically ambiguous or suspicious
(or indeterminate). In some cases, the sample may be suggestive of the presence of a disease.
The volume of sample obtained from the subject may be small, such as about 100 microliters,
50 microliters, 10 microliters, 5 microliters, 1 microliter or less. The sample may comprise a
low quantity or quality of polynucleotides, such as a tissue sample with degraded or partially
degraded RNA. For example, an FNA sample may yield low quantity or quality of
polynucleotides. In such examples, the RNA Integrity Number (RIN) value of the sample
may be about 9.0 or less. In some examples, the RIN value may be about 6.0 or less.

[0059] The risk of occurrence of the disease may include a risk of a subsequent
occurrence such as a second, third, fourth, or more subsequent occurrences. A risk of
occurrence of disease can include one or more of a) a risk of developing the disease for a first
time, b) a risk of relapse or of developing the disease again, ¢) a risk of developing the

disease in the future, d) a risk of being predisposed to developing the disease in a subject’s
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lifetime, e) a risk of being predisposed to developing the disease as an infant, adolescent, or
adult. In cases where the disease is cancer, a risk of occurrence can include a risk of the
cancer becoming metastatic.

[0060] A determination of risk can be completed pre-operatively, such as before a patient’s
surgery. A clinician may recommend that a patient be continued to be observed rather than
recommending surgery, if the patient, for example, is determined to have a low-risk of
papillary thyroid carcinoma. In some cases, a clinical is more likely to recommend a patient
to have surgery, if the patient is determined to have a high-risk of papillary thyroid
carcinoma. A determination can occur prior to the subject having a positive disease
diagnosis, such as when a subject is suspected of having a disease or during a routine clinical
procedure.

[0061] A determination of risk may further comprise stratifying the risk into a low risk of
occurrence or a medium-to-high risk of occurrence. In some examples, the low risk may be a
probability of occurrence between about 50% and about 80% and medium-to-high risk may
be a probability of occurrence between about 80% and 100%.

[0062] Accurately stratifying the risk into low and medium-to-high risk groups can occur in
about 80% of samples analyzed. Stratifying the risk can be accurately determined in about
50%, 60%, 70%, 75%, 80%, 83%, 90%, 95%, 96%, 97%, 98%, or about 99% of samples
analyzed, including samples identified as cytologically ambiguocus or suspicious. Stratifying
the risk into low and medium-to-high risk groups can be at least about 80% specific. In some
examples, the specificity of stratifying the risk can be about 50%, 60%, 70%, 75%, 80%,
83%, 90%%, 95%, 96%, 97%, 98%, 99% or more, including samples identified as cytologically
ambiguous or suspicious.

[0063] The one or more genes in the first set or second set of genes can include a plurality
of genes, such as about 2, 10, 20, 40 genes or more. The one or more genes of the first or
second sets can be less than about 10 genes, 20 genes, 50 genes, 60 genes, or about 75 genes.
The one or more genes of the first or second sets can be between about 50 and about 400
genes. The first set of genes can comprise genes from FIG. 6 or FIG. 7. The second set of
genes can comprise genes from FIG. 8.

[0064] The first set and second set of genes can be the same set. For example, the first and
second sets of genes may comprise COL1A1, THBS2, or any combination thereof.

[0065] The first set and second set of genes can be different sets. The second set of genes
may comprise EPHA3, COL1A1, EHF, RAPGEF5, PRICKLE1, TMEM92, ROBOL,
C6orf136, SPAG4, GALNT15, LUM, NCAM2, NUP210L, NR2F 1, THBS2, PSORSI1C1, or
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any combination thereof. The first set of genes may comprise COL1A1, TMEM92, Clorf87,
SPAG4, EHF, COL3A1, GALNT15, NUP210L, PDZRN3, C60rf136, NA, NRXN3,
COL6A3, RAPGEFS, PRICKLE], LUM, ROBO1, BGN, AC019117.2, PRSS3P1, or any
combination thereof. The second set of genes may comprise EPHA3, COL1A1, EHF,
RAPGEF5, PRICKLE1, TMEM92, ROBO1, C60rf136, SPAG4, GALNT15, LUM, NCAM2,
SYNPO2, NUP210L, AMZ1, NR2F1, THBS2, PSORSIC1, FTH1P24, or any combination
thereof. The second set of genes may comprise AKAP9, SPRY3, SPRY3, CAMKK2,
COLI1A1, FITM2, COX6C, VSIGIOL, CYC1, KDM1B, MAPK 15, ARSG, PAXIPI,
DAAMI, AVL9, DMGDH, HLA-DQA1, HLA-DQB1, HLA-DRA, HLA-DRBS, HLA-H,
IRF1, MGATI1, P2RX1, PLEK, CCDC93, PPPIR12C, SLC41A3, METTL3, CCAR2,
PTPRE, SRL, SLC30A5, BMP4, ZNF133, ICE2, DCAKD, TMX1, TNFSF12, PER2,
MCMS3AP, or any combination thereof.

Samples

[0066] A sample obtained from a subject can comprise tissue, cells, cell fragments, cell
organelles, nucleic acids, genes, gene fragments, expression products, gene expression
products, gene expression product fragments or any combination thereof. A sample can be
heterogeneous or homogenous. A sample can comprise blood, urine, cerebrospinal fluid,
seminal fluid, saliva, sputum, stool, lymph fluid, tissue, or any combination thereof. A sample
can be a tissue-specific sample such as a sample obtained from a thyroid tissue, skin, heart,
fung, kidney, breast, pancreas, liver, muscle, smooth muscle, bladder, gall biadder, colon,
intestine, brain, esophagus, or prostate.

[0067] A sample of the present disclosure can be obtained by various methods, such as,
for example, fine needle aspiration (FNA), core needle biopsy, vacuum assisted biopsy,
incisional biopsy, excisional biopsy, punch biopsy, shave biopsy, skin biopsy, or any
combination thereof

[0068] FNA, also referred to as fine needle aspirate biopsy (FNAB), or needle aspirate
biopsy (NAB), is a method of obtaining a small amount of tissue from a subject. FNA can be
less invasive than a tissue biopsy, which may require surgery and hospitalization of the
subject to obtain the tissue biopsy. The needle of a FNA method can be inserted into a tissue
mass of a subject to obtain an amount of sample for further analysis. In some cases, two
needles can be inserted into the tissue mass. The FNA sample obtained from the tissue mass
may be acquired by one or more passages of the needle across the tissue mass. In some cases,
the FNA sample can comprise less than about 6x10°, 5x10°, 4x10°, 3x10°, 2x10°, 1x10° cells

or less. The needle can be guided to the tissue mass by ultrasound or other imaging device.
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The needle can be hollow to permit recovery of the FNA sample through the needle by
aspiration or vacuum or other suction techniques.

[0069] Samples obtained using methods disclosed herein, such as an FNA sample, may
comprise a small sample volume. A sample volume may be less than about 500 microliters
(uL), 400 uL, 300 uL, 200 uL, 100 uL, 75uL, 50 uL, 25 uL, 20 uL, 15uL, 10 uL, SuL, 1 uL,
0.5uL, 0.1 uL, 0.01 uL or less. The sample volume may be less than about 1 uL.. The sample
volume may be less than about 5 uL. The sample volume may be less than about 10 uL. The
sample volume may be less than about 20 uL. The sample volume may be between about 1
uL and about 10 uL.. The sample volume may be between about 10 uL. and about 25 uL.
[0070] Samples obtained using methods disclosed herein, such as an FNA sample, may
comprise small sample weights. The sample weight, such as a tissue weight, may be less than
about 100 milligrams (mg), 75 mg, 50 mg, 25 mg, 20 mg, 15 mg, 10 mg, 9 mg, 8 mg, 7 mg, 6
mg, 5 mg, 4 mg, 3 mg, 2 mg, 1 mg, 0.5 mg, 0.1 mg or less. The sample weight may be less
than about 20 mg. The sample weight may be less than about 10 mg. The sample weight may
be less than about 5 mg. The sample weight may be between about 5 mg and about 20 mg.
The sample weight may be between about 1 mg and about 5 ng.

[0071] Samples obtained using methods disclosed herein, such as FNA, may comprise
small numbers of cells. The number of cells of a single sample may be less than about
10x10°, 5.5 x10°, 5 x10°, 4.5 x10°, 4 x10°, 3.5 x10°, 3 x10°, 2.5 x10°%, 2x10°%, 1.5 x10°, 1
x10° 0.5 x10° 0.2x10°, 0.1 x10° cells or less. The number of cells of a single sample may be
less than about 5 x10° cells. The number of cells of a single sample may be less than about 4
x10° cells. The number of cells of a single sample may be less than about 3 x10° cells. The
number of cells of a single sample may be less than about 2 x10° cells. The number of cells of
a single sample may be between about 1x10° and about 5x10° cells. The number of cells of a
single sample may be between about 1x10° and about 10x10° cells.

[0072] Samples obtained using methods disclosed herein, such as FNA, may comprise
small amounts of deoxyribonucleic acid (DNA) or ribonucleic acid (RNA). The amount of
DNA or RNA in an individual sample may be less than about 500 nanograms (ng), 400 ng,
300 ng, 200 ng, 100 ng, 75ng, 50 ng, 45 ng, 40 ng, 35 ng, 30 ng, 25 ng, 20 ng, 15 ng, 10 ng, 5
ng, 1 ng, 0.5 ng, 0.1 ng, or less. The amount of DNA or RNA may be less than about 40 ng.
The amount of DNA or RNA may be less than about 25 ng. The amount of DNA or RNA
may be less than about 15 ng. The amount of DNA or RNA may be between about 1 ng and
about 25 ng. The amount of DNA or RNA may be between about 5 ng and about 50 ng.
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[0073] RMNA vield or RNA amount of a sample can be measured in nanogram to
microgram amounts. An example of an apparatus that can be used to measure nucleic acid
yield in the laboratory 1s a NANODROP® spectrophotometer, QUBIT® fluorometer, or
QUANTUS™ fluorometer. The accuracy of a NANODROP® measurement may decrease
significantly with very low RNA concentration. (uality of data obtained from the methods
described herein can be dependent on RNA qguantity. Meaningful gene expression or
sequence variant data or others can be generated from samples having a low or un-
measurable RNA concentration as measured by NANODROP®. In some cases, gene
expression or sequence vanant data or others can be generated from a sample having an
unineasurable RNA concentration.

[0074] The methods as described herein can be performed using samples with low
quantity or quality of polynucleotides, such as DNA or RNA. A sample with low quantity or
quality of RNA can be for example a degraded or partially degraded tissue sample. A sample
with low quantity or quality of RNA may be a fine needle aspirate (FNA) sample. The RNA
quality of a sample can be measured by a calculated RNA Integrity Number (RIN) value.
The RIN value is an algorithm for assigning integrity values to RNA measurements. The
algorithm can assign a 1 to 10 RIN value, where an RIN value of 10 can be completely intact
RINA. A sample as described herein that comprises RNA can have an RIN value of about 9.0,
80,7.0,00, 50,40, 30 20, 1.0orless. In some cases, a sample comprising RNA can have
an RIN value equal or less than about 8 0. In some cases, a sample comprising RNA can have
an RIN value equal or less than about 6.0, In some cases, a sample comprising RNA can have
an RIN value equal or less than about 4.0, Tn some cases, a sample can have an RIN value of
fess than about 2.0

[0075] A sample, such as an FNA sample, may be obtained from a subject by another
individual or entity, such as a healthcare {or medical} professional or robot. A medical
professional can include a physician, nurse, medical technician or other. In some cases, a
physician may be a specialist, such as an oncologist, surgeon, or endocrinologist. A medical
technician may be a specialist, such as a cytologist, phiebotomist, radiologist, pulmonologist
or others. A roedical professional may obtain a sample froro a subject for testing or refer the
subject to a testing center or {aboratory for the submission of the sample. The medical
protessional may indicate to the testing center or laboratory the appropriate test or assay to
perform on the sample, such as methods of the present disclosure including determining gene

sequence data, gene expression levels, sequence variant data, or any combination thereof.
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[0076] In some cases, a medical professional need not be invelved in the imitial diagnosis
of a disease or the initial sample acquisition. An individual, such as the subject, may
alternatively obtain a sample through the use of an over the counter kit. The kit may contain
coliection uuit or device for obtainiug the sample as descnibed herein, a storage unit for
storing the sample ahead of sample analysis, and instructions for use of the kit

[0077] A sample can be obtained a) pre-operatively, b) post-operatively, ¢) after a cancer
diagnosis, d) during routine screening following remission or cure of disease, €) when a
subject is suspected of having a disease, f) during a routine office visit or clinical screen, g)
following the request of a medical professional, or any combination thereof. Multiple samples
at separate times can be obtained from the same subject, such as before treatment for a
disease commences and after treatment ends, such as monitoring a subject over a time course.
Multiple samples can be obtained from a subject at separate times to monitor the absence or
presence of disease progression, regression, or remission in the subject.

Cvtological analysis

[0078] The methods as described herein, including assessment of risk of occurrence of
disease may include cytological analysis of samples. Examples of cytological analysis
include cell staining techuiques and/or microscope examination performed by any number of
methods and suitable reagents including but not imited to: eosin-azure (EA) stains,
hematoxylin stains, CYTO-STAIN™, papanicolacu stain, eosin, nissl stain, toluidine blue,
silver stain, azocarmine stain, neutral red, or janus green. More than one siain can be used in
combination with other stains. In some cases, cells are not stained at all. Cells can be fixed
and/or permeabilized with for exarple methanol, ethanol, glutaraldehyde or formaldehyde
prios to or during the staining procedure. In some cases, the cells may not be fixed. Staining
procedures can also be utilized to measure the nucleic acid content of a sample, for example
with ethidium bromide, hematoxylin, nissl stain or any other nucleic acid stain.

[0079] Microscope examination of cells in a sample can include smearing cells onto a
slide by standard methods for cytological examination. Liguid based cytology (LBC)
methods may be utilized. In some cases, LBC methods provide for an improved approach of
cytology slide preparation, more homogenous samples, increased sensitivity and specificity,
or improved efficiency of handling of samples, or any combination thereof. In LBC methods,
samples can be transferred from the subject to a container or vial containing a LBC
preparation solution such as for example CYTYC THINPREP®, SUREPATH™, or
MONOPREP® or any other LBC preparation solution. Additionally, the sample may be
rinsed from the collection device with LBC preparation solution into the container or vial to
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ensure substantially quantitative transfer of the sample The solution containing the sample in
LBC preparation solution may then be stored and/or processed by a machine or by one skilied
in the art to produce a layer of cells on a glass slide. The sample may further be stained and
exarmined under the microscope in the same way as a conventional cytological preparation,
[0080] Samples can be analyzed by immuno-histochemical staining. Immuno-
histochemical staining can provide analysis of the presence, location, and distribution of
specific molecules or antigens by use of antibodies in a sample (e.g. cells or tissues}.
Antigens can be small molecules, proteins, peptides, nucleic acids or any other molecule
capable of being specifically recognized by an antibody. Samples may be analyzed by
immuno-histochemical methods with or without a prior fixing and/or permeabilization step.
In some cases, the antigen of interest may be detected by contacting the sample with an
antibody specific for the antigen and then non-specific binding may be removed by one or
more washes. The specifically bound antibodies may then be detected by an antibody
detection reagent such as for example a labeled secondary antibody, or a labeled
avidin/streptavidin. The antigen specific antibody can be labeled directly. Suitable iabels for
immuno-histochemistry include but are not limited to fluorophores such as fluorescein and
rhodamine, enzymes such as alkaline phosphatase and horse radish peroxidase, or
radionuclides such as P and 1. Gene product markers that may be detected by immuno-
histochemical staining include but are not limited to Her2/Neu, Ras, Rho, EGFR, VEGFR,
UbcHI10, RET/BTCI, eytokeratin 20, calcitonin, GAL-3, thyroid peroxidase, or
thyroglobulin.

[0081] Metrics associated with a risk of disease occurrence as disclosed herein, such as
gene expression levels of a first gene set or sequence vanant data of a second gene set, need
not be a charactenstic of every cell of a sample found to comprise the risk of disease
occurrence. Thus, the methods disclosed herein can be useful for assessing a risk of disease
occurrence, such as a cancer, within a tissue where less than all cells within the sample
exhibit a complete pattern of the gene expression levels or sequence variant data, ot other
data indicative of a risk of occurrence of the disease. The gene expression levels, sequence
variant data, or others may be either completely present, partially present, or absent within
affected cells, as well as unaftected cells of the sample. The gene expression levels, sequence
variant data, or others may be present in variable amounts within affected cells. The gene
expression levels, sequence variant data, or others may be present in variable amounts within
unaffected cells. In some cases, the gene expression levels of a first set of genes or the
presence of one or more sequence variants in a second set of genes that correlates with a risk
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of disease occurrence can be positively detected. In some instances, positive detection can
occur in at least 70%, 75%, 80%, 85%, 90%, 95%, or 100% of cells drawn from a sample. In
some cases, the gene expression levels of a first set of genes or the presence of one or more
sequence vartanis 1n a second set of genes can be absent. In some instances, absence of
detection can occur in at feast 70%, 75%, 80%, 85%, 90%, 95%, or 100% of cells of a
corresponding normal, non-disease sample.

[0082] Routine cytological or other assays may indicate a sample as negative (without
disease), diagnostic {positive diagnosis for disease, such as cancer), ambiguous or suspicious
{suggestive of the presence of 3 disease, such as cancer), or non-diagnostic {providing
inadequate information concerning the presence or absence of disease). The methods as
described herein may confivm results from the routine cytological assessments or may
provide an original assessment similar to a routine cytological assessment in the absence of
one. The methods as described herein may classify a sample as malignant or benign,
including samples found to be ambiguous or suspicious. The methods may further stratify
samples, such as samples known to be malignant, into low risk and medium-to-high risk
groups of disease occurrence, including samples found to be ambiguous or suspicious.
Diseases

[0083] A disease, as disclosed herein, can include thyroid cancer. Thyroid cancer can
include any subtype of thyrotd cancer, including but not limited to, any malignancy of the
thyroid gland such as papillary thyrotd cancer (PTC), follicular thyroid cancer (FTC),
follicular variant of papillary thyroid carcinoma (FVYPTC), meduilary thyroid carcinoma
{(MTC), follicular carcinoma (FC), Hurthle cell carcinoma (HC), and/or anaplastic thyroid
cancer (ATC). In some cases, the thyroid cancer can be differentiated. In some cases, the
thyroid cancer can be undifferentiated.

[0084] A thyroid tissue sample can be classified using the methods of the present
disclosure as comprising one or more benign or malignant tissue types {(e.g. a cancer
subtype), including but vot himited to follicular adenoma (FA), nodular hyperplasia (NHP),
fymphocvytic thyroiditis {LCT), and Hurthle cell adenoma (HA), follicular carcinoma (FC),
paptllary thyrowd carcinoma (PTC), tollicular variant of papillary carcivoma (FVPTC),
medullary thyroid carcinoma (MTC}), Hurthle cell carcinoma (HC), and anaplastic thyroid
carcinoma {ATC), renal carcinoma (RCC), breast carcinoma (BCA), melanoma (MMN), B
cell bymphoma (BCL), or parathyroid (PTA}.

[0085] Other types of cancer of the present disclosure can include but are not limited to
adrenal cortical cancer, anal cancer, aplastic anemia, bile duct cancer, bladder cancer, bone
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cancer, bone metastasis, central nervous system (CINS) cancers, peripheral nervous system
(PNK) cancers, breast cancer, Castleman’s disease, cervical cancer, childhood Non-Hodghkin's
fvmphoma, lymphoma, colon and rectum cancer, endometrial cancer, esophagus cancer,
Ewing's family of tumors {e.g. Bwing's sarcoma), eye cancer, gallbladder cancer,
gastrointestinal carcinoid tumors, gastrointestinal stromal tumors, gestational trophoblastic
disease, hairy cell leukemia, Hodgkin's disease, Kaposi's sarcoma, kidney cancer, laryngeal
and hypopharyngeal cancer, acute lymphocytic leukemia, acute myeloid leukemia, children's
leukemia, chronic lymphocytic leukemia, chronic myeloid leukenua, liver cancer, lung
cancer, lung carcinoid tumors, Non-Hodgkin's lvmphoma, male breast cancer, malignant
mesothelioma, multiple myeloma, myelodysplastic syndrome, myeloproliferative disorders,
nasal cavity and paranasal cancer, nasopharyngeal cauncer, neuroblastoma, oral cavity and
oropharyngeal cancer, osteosarcoma, ovarian cancer, pancreatic cancer, penile cancer,
pituitary fumor, prostate cancer, retinoblastoma, rhabdomyosarcoma, salivary gland cancer,
sarcoma {adult soft tissue cancer), melanoma skin cancer, non-melanoma skin cancer,
stomach cancer, testicular cancer, thymus cancer, utering cancer (e g uterine sarcomay,
vaginal cancer, vulvar cancer, or Waldenstrony's macroglobulinemia.

[0086] A disease, as disclosed herein, can include hyperproliferative disorders. Malignant
hyperprofiferative disorders can be stratified into risk groups, such as a low risk group and a
medium-to-high risk group. Hyperproliferative disorders can include but are not limited to
cancers, hyperplasias, or neoplasias. In some cases, the hyperproliferative cancer can be
breast cancer such as a ductal carcinoma in duct tissue of 2 mammary gland, medullary
carcinomas, colloid carcinomas, tubular carcinomas, and inflammatory breast cancer; ovarian
cancer, including epithelial ovarian tumors such as adenocarcinoma in the ovary and an
adenocarcinoma that has migrated from the ovary into the sbdominal cavity; uterine cancer,
cervical cancer such as adenocarcinoma in the cervix epithelial including squamous cell
carcinoma and adenocarcinomas, prostate cancer, such as a prostate cancer selected from the
following: aun adenocarcinoma or an adenocarcinoma that has migrated to the bone;
pancreatic cancer such as epitheliod carcinoma in the pancreatic duct tissue and an
adenocarcinoma in a pancreatic duct; bladder cancer such as a transitional cell carcinoma in
urinary bladder, urcthelial carcinomas (transitional cell carcinomas), tumors in the urothelial
cells that line the bladder, squamous cell carcinomas, adenocarcinomas, and small celi
cancers, leukemia such as acute myeloid leukemia (AML}, acute lvmphocytic leukemia,
chronic lymphocytic leukemia, chronic myeloid leukemia, hairy cell leukemia,
myelodysplasia, myeloproliferative disorders, acute myelogenous lenkemia (AML}, chronic
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myelogenous leukenia {CML), mastocytosis, chronic lymphocytic teukemia (CLL), multiple
myeloma (MM}, and myelodysplastic syndrome (MBS}, bone cancer; lung cancer such as
non-small cell lung cancer (NSCLCY, which is divided into squamous cell carcinomas,
adenocarcinomas, and large cell undifferentiated carcinomas, and small cell lung cancer; skin
cancer such as basal cell carcinoma, melanoma, squamous cell carcinoma and actinic
keratosis, which 13 a skin condition that sometimes develops into squamous cell carcinoma;
eyve retinoblastoma; cutaneous or tntraocular {eve) melanoma, primary liver cancer {cancer
that begins in the liver); kidney cancer; autoimmune deficiency syndrome (AIDS)-related
fymphoma such as diffuse large B-cell lymphoma, B-cell immunoblastic lymphoma and
small non-cleaved cell lymphoma; Kaposi's Sarcoma; viral-induced cancers including
hepatitis B virus (HBV), hepatitis C virus (HCV), and hepatocellular carcinoma; bursan
fvmphotropic virus-type | (HTLV-1} and adult T-cell leukemia/lymphoma; and human
papilioma vitus (HPV) and cervical cancer; central nervous systers (CNS) cancers such as
primary brain tumor, which includes gliomas (astrocytoma, anaplastic astrocytoma, or
ghioblastoma multiforme), oligodendroghiomas, ependvmomas, meningiomas, lvmphomas,
schwannomas, and medulloblastomas; peripheral nervous system (PNS) cancers such as
acoustic neuromas and malignant peripheral nerve sheath tumors (MPNST) including
neurofibromas and schwannomas, malignant fibrous cytomas, malignant fibrous
histiocytomas, malignant meningiomas, malignant mesotheliomas, and malignant mixed
Millerian tumors; oral cavity and oropharyngeal cancer such as hypopharyngeal cancer,
laryngeal cancer, nasopharyngeal cancer, and oropharyngeal cancer; stomach cancer such as
tymphomas, gastric stromal turnors, and carcinoid tumors; testicular cancer such as germ cell
tumors {GCTs), which include seminomas and nonseminomas, and gonadal stromal tumors,
which include Levdig cell tumors and Sertoli cell tumors; thymus cancer such as to
thymomas, thymic carcinomas, Hodgkin disease, non-Hodglkin lymphomas carcinoids or
carcinoid tumors; rectal cancer; and colon cancer. In some cases, the diseases stratified,
classified, characterized, or diagnosed by the methods of the present disclosure include but
are not limited to thyrotd disorders such as for example benign thyroid disorders including
but not limited to follicular adenorvas, Hurthle cell adenomas, lymphocytic thyroiditis, and
thyroid hyperplasia. In some cases, the diseases stratified, classified, characterized, or
diagnosed by the methods of the present disclosure include but are not imited to malignant
thyroid disorders such as for example follicular carcinomas, follicular variant of papillary

thyroid carcinomas, medullary carcinomas, and papillary carcinomas.
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[0087] Diseases of the present disclosure can include a genetic disorder. A genetic
disorder ts an iliness caused by abnormalities in genes or chromosomes. Genetic disorders
can be grouped into two categories: single gene disorders and multifactorial and polygenic
{complex} disorders. A single gene disorder can be the result of a single mutated gene.
{nheriting a single gene disorder can include but not be limited to autosomal dominant,
autosomal recessive, X-linked dominant, X-linked recessive, Y-hnked and mitochondnal
inheritance. Only one mutated copy of the gene can be necessary for a person to be affected
by an autosomal dominant disorder. Examples of autosomal dominant type of disorder can
include but are not limited to Huntington's disease, Neurcfibromatosis 1, Marfan Syndrome,
Hereditary nonpolyposis colorectal cancer, or Hereditary multiple exostoses. In autosomal
recessive disorders, two copies of the gene must be mutated for a subject to be affected by an
autosomal recessive disorder. Examples of this type of disorder can include but are not
Hmited to cystic fibrosis, sickle-cell disease (also partial sickle-cell disease), Tay-Sachs
disease, Niemann-Pick disease, or spinal muscular atrophy. X-linked dominant disorders are
caused by mutations in genes on the X chromosome such as X-linked hypophosphatemic
rickets. Some X-linked dominant conditions such as Rett syndrome, Incontinentia Pigmenti
type 2 and Aicardi Syndrome can be fatal. X-linked recessive disorders are also caused by
mutations in genes on the X chromosome. Examples of this type of disorder can include but
are not limited to Hemophilia A, Duchenne muscular dystrophy, red-green color blindness,
muscular dystrophy and Androgenetic alopecia. Y-linked disorders are caused by mutations
on the Y chromosome. Examples can include but are not limited to Male Infertility and
hypertrichosis pinnae. The genetic disorder of mitochondrial inheritance, also known as
maternal inheritance, can apply to genes in mitochondrial BNA such as in Leber's Hereditary
Optic Neuropathy.

[0088] Genetic disorders may also be complex, multifactorial or polygenic. Polygenic
genetic disorders can be associated with the effects of multiple genes in combination with
Hifestyle and environmental factors. Although complex gevetic disorders can cluster in
families, they do not have a clear-cut pattern of inheritance. Multifactorial or polygenic
disorders can include heart disease, diabetes, asthma, autism, autoimmune diseases such as
multiple sclerosis, cancers, ciliopathies, cleft palate, hypertension, inflammatory bowel
disease, mental retardation or obesity.

[0089] {(ther genetic disorders can include but are not limited to 1p36 deletion syndrome,
21-hydroxylase deficiency, 22q11.2 deletion syndrome, aceruloplasminemia,
achondrogenesis, type I, achondroplasia, acute intermittent porphyria, adenyiosuccinate
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tvase deficiency, Adrenoleukodystrophy, Alexander disease, alkaptonunia, alpha-1 antitrypsin
deficiency, Alstrom syndrome, Alzheimer's disease {(type 1, 2, 3, and 4}, Amelogenesis
Imperfecta, amyotrophic lateral sclerosis, Amvyotrophic lateral sclerosis type 2, Amyotrophic
lateral sclerosis type 4, amyotrophic lateral sclerosis type 4, androgen 1nsensiiivity syndrome,
Anenia, Angelman syndrome, Apert syndrome, ataxia-telangiectasia, Beare-Stevenson cutis
gyrata syndrome, Benjamin syndrome, beta thalassemia, biotimidase deficiency, Burt-Hogg-
Dube syndrome, bladder cancer, Bloom syndrome, Bone diseases, breast cancer,
Camptomelic dysplasia, Canavan disease, Cancer, Celiac Disease, Chronic Granulomatous
Drsorder (CGI), Charcot-Marie-Tooth disease, Charcot-Marie-Tooth disease Type 1,
Charcot-Marie-Tooth disease Type 4, Charcot-Marie-Tooth disease Type 2, Charcot-Marie-
Tooth disease Type 4, Cockayne syndrome, Coffin-Lowry syndrome, collagenopathy types I
and X1, Colorectal Cancer, Congenital absence of the vas deferens, congenital bilateral
absence of vas deferens, congenital diabetes, congenital erythropoietic porphyria, Congenital
heart disease, congenital hypothyrotdism, Connective tissue disease, Cowden syndrome, Cri
du chat syndrome, Crohn's disease, fibrostenosing, Crouzon syndrome,
Crouzonodermoskeletal syndrome, cystic fibrosis, Be Grouchy Syndrome, Degenerative
nerve diseases, Dent's disease, developmental disabilities, DiGeorge syndrome, Distal spinal
muscular atrophy type V, Down syndrome, Dwarfism, Ehlers-Danlos syndrome, Ehlers-
Danlos syndrome arthrochalasia type, Ehlers-Danlos syndrome classical type, Ehlers-Danlos
syndrome dermatosparaxis type, Ehlers-Danlos syndrome kyphoscoliosis type, vascular type,
ervthropoietic protoporphyria, Fabry's disease, Facial injuries and disorders, factor V Leiden
thrombophilia, familial adevomatous polyposis, familial dysautonomia, fancount anemia, FG
syndrome, fragile X syndrome, Friedreich ataxia, Friedreich's ataxia, GOPD deficiency,
galactoserma, Gaucher's disease {type 1, 2, and 3), Genetic brain disorders, Glycine
encephalopathy, Haemochromatosis type 2, Haemochromatosis type 4, Harlequin Ichthyosis,
Head and brain malformations, Hearing disorders and deafness, Hearing problems in
children, hemochromatosis (neovatal, type 2 and type 3), hervophilia, hepatoerythropoietic
porphyria, hereditary coproporphyria, Hereditary Multiple Exostoses, hereditary neuropathy
with hability to pressure palsies, hereditary nonpolyposis colorectal cancer, homocystinuria,
Huntington's disease, Hutchinson Gilford Progeria Syndrome, hyperoxaluria, primary,
hyperphenylalaninemia, hypochondrogenesis, hypochondroplasia, 1dicS, incontinentia
pigmentt, Infantile Gaucher disease, infantile-onset ascending hereditary spastic paralysis,
Infertility, Jackson-Weiss syndrome, Joubert syndrome, Juvenile Primary Lateral Sclerosis,
Kennedy disease, Klinefelter syndrome, Kniest dysplasia, Krabbe disease, Learning
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disability, Lesch-Nyhan syndrome, Leukodystrophies, Li-Fraumer syndrome, lipoprotein
lipase deficiency, famtlial, Male genital disorders, Marfan syndrome, McCune-Albright
syndrome, Mcleod syndrome, Mediterranean fever, familial, Menkes disease, Menkes
syndrome, Metabolic disorders, methemoglobinemia beta-globin type, Methemoglobinemia
congenital methaemoglobinaemia, methylmalonic acidemia, Micro syndrome, Microcephaly,
Movement disorders, Mowat-Wilson syndrome, Mucopolysaccharidosis (MPS 1), Muenke
syndrome, Muscular dystrophy, Muscular dystrophy, Duchenne and Becker type, muscular
dystrophy, Duchenne and Becker types, myotonic dystrophy, Myotonic dystrophy type T and
type 2, Neonatal hemochromatosis, neurofibromatosis, neurofibromatosis 1,
neurcfibromatosis 2, Neurofibromatosis type I, neurofibromatosis type I, Neurologic
diseases, Neuromuscular disorders, Niemann-Pick disease, Nonketotic hyperglycinemia,
nonsyndromic deafness, Nonsyndromic deathess autosomal recessive, Noonan syndrome,
osteogenesis imperfecta (type [ and type I}, otospondylomegaepiphyseal dysplasia,
pantothenate kinase-associated neurodegeneration, Patau Syndrome (Trisomy 13}, Pendred
syndrome, Peutz-Jeghers syndrome, Pfeitter syndrome, phenylketonuria, porphyria,
porphyria cutanea tarda, Prader-Willi syndrome, primary pulmonary hypertension, prion
disease, Progeria, propionic acidemia, protein C deficiency, protein S deficiency, pseudo-
Gaucher disease, pseudoxanthoma elasticum, Retinal disorders, retinoblastoma,
retinoblastoma FA—Friedreich ataxia, Rett syndrome, Rubinstein-Taybi syndrome, Sandhoff
disease, sensory and autonomic neuropathy type I, sickle cell anemia, skeletal muscle
regeneration, Skin pigmentation disorders, Smith Lemli Opitz Syndrome, Speech and
communication disorders, spinal muscular atrophy, spinal-bulbar muscular atrophy,
spinocerebellar ataxia, spondyloepimetaphyseal dysplasia, Strudwick type,
spondyloepiphyseal dysplasia congentita, Stickler syndrome, Stickler syndrome COL2ZAT,
Tay-Sachs disease, tetrahydrobiopterin deficiency, thanatophoric dysplasia, thiamine-
responsive megaloblastic anemia with diabetes mellitus and sensorineural deafness, Thyroid
disease, Tourette's Syndrome, Treacher Collins syndrome, triple X syndrome, tuberous
sclerosis, Turner syndrome, Usher syndrome, variegate porphyvria, von Hippel-Lindau
disease, Waardenburg syndrome, Weissenbacher-Zweymiiller syndrome, Wilson disease,
Wolf-Hirschhorn syndrome, Xeroderma Pigmentosum, X-linked severe combined
immunodeficiency, X-linked sideroblastic anemia, or X-linked spinal-bulbar muscle atrophy.

Stratifving risk of occurrence or recurrence

[0090] A risk of occurrence of disease can be stratifying samples into risk subgroups.

Subgroups can comprise samples with a low risk of probability of disease occurrence and
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samples with a medium-to-high risk of probability of disease occurrence. Subgroups can
comprise low risk, medium risk, and high risk groups. Low risk can comprise samples with
about a 1%, 5%, 10%, 15%, 20%, 25%, 30%, 35%, 40%, or about 45% risk of probability of
disease occurrence. Low risk can comprise samples with between about a 1% and about a
25% risk probability of disease occurrence. Low risk can comprise samples with between
about a 1% and about a 30% risk of probability of disease occurrence. Low risk can comprise
samples with between about a 1% and about a 40% risk of probability of disease occurrence.
Medium-to-high risk can comprise samples with about a 55%, 60%, 65%, 70%, 75%, 80%,
85% 90%, 95%, or 100% risk of probability of disease occurrence. Medium-to-high risk can
comprise samples with between about a 50% and about a 100% risk of probability of disease
occurrence. Medium-to-high risk can comprise samples with between about a 55% and about
a 100% risk of probability of disease occurrence. Medium-to-high risk can comprise samples
between about a 60% and about a 100% risk of probability of disease occurrence.

[0091] A sample can be stratified into a low risk or a medium-to-high risk group with an
accuracy of at least 50%, 60%, 70%, 75%, 80%, 83%, 90%, 95%, 96%, 97%, 98%, 99% or
more, including samples identified as cytologically ambiguous or suspicious or
indeterminate. A sample can be stratified with an accuracy of at least 70%. A sample can be
stratified with an accuracy of at least 80%. A sample can be stratified with an accuracy of at
least 90%. A sample can be identified as benign, malignant, or non-diagnostic with an
accuracy of greater than 50%, 60%, 70%, 75%, B0%, 85%, 90%, 95%, 96%, 97%, 98%, 99%
or more, including samples identified as cytologically ambiguous or suspicious or
indeterminate. Accuracy can be calculated using a classifier.

[0092] A sample can be stratified into a low risk or a medium-to-high risk group with a
spectficity of at least 50%, 60%, 70%, 75%, 80%, 85%, 90%, 95%, 96%, 97%, 98%, 99% or
more, including samples identified as cytologically ambiguous or suspicious or
indeterminate. A sample can be stratified with an accuracy of at least 70%. A sample can be
stratified with an accuracy of at least 80%. A sample can be stratified with an accuracy of at
least 90%. A sample can be identified as benign, malignant, or non-diagnostic with a
spectficity of greater than 50%, 60%, 70%, 75%, 80%, 85%, 90%, 95%, 96%, 97%, 98%,
99%; or more, including samples identified as cytologically ambiguous or suspicious or
indeterminate. Specificity can be calculated using a classifier.

[0093] Methods as described heretn for stratifying risk of occurrence of a disease,
classitying samples as benign, malignant, or non-diagnostic can have a positive predictive
value of at least 95%, 95 5%, 96%, 96 .5%, 97%, 97 5%, 98%, 98.5%, 99%, 99.5% or more;
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and/or a negative predictive value of at least 95%, 95.5%, 96%, 96.5%, 97%, 97 5%, 98%,
98.5%, 99%, 99.5% or more. Positive predictive value (PPVY), or precision rate, or post-test
probability of disease, can be the proportion of subjects with positive test results who are
correctly diagnosed or correctly stratified into tisk groups. It can be an important measure
because it can reflect the probability that a positive test reflects the underlying disease being
tested for. Hts value can depend on the prevalence of the disease, which may vary. The
negative predictive value (NPV) can be the proportion of subjects with negative test results
who are correctly diagnosed. PPV and NPV measurements can be dertved using appropriate
disease subtype prevalence estimates. For subtype specific estimates, disease prevalence may
sometimes be incalculable because there may not be any available samples.

[0094] A sample can be classified into one or more of the following: beunign (free of
disease}, malignant {positive diagnosis for a disease}, or non-diagnostic {providing
inadequate woformation concerning the presence or absence of a disease). A sample tound to
be malignant can be stratified into a risk of disease occurrence such as a low risk of disease
occurrence or medium-to-high risk of disease occurrence. Samples can be classified into
benign versus suspicious (suspected to be positive for a disease} categories. Samples can be
further classified for a disease subtype such as by identifying the presence or absence of one
or more cancer subtypes. A certain molecular pathway may be indicated to be involved in the
disease, or a certain grade or stage of a particular disease (such as I, 1, HIL, or IV cancer} can
also be indicated. In some cases, the stratified risk of occurrence may wnform an appropriate
therapeutic intervention, such as a specific drug regimen, or a surgical intervention like a
thyroidectomy or a hemi-thyroidectomy.

[0095] The classifier or trained algorithm of the present disclose can be used to stratify a
sample into low or medium-to-high risk groups and/or to classify a sample as benign,
malignant, suspicious or non-diagnostic, or others. One or more selected feature spaces such
as gene expression level and sequence varant data can be provided alone or in combination
to a classifier or trained algorithm. Ulustrative algorithms can include but are not fundted to
methods that reduce the number of variables such as a principal component analysis
algorithm, partial least squares method, or independent component analysis algorithm,
tHustrative algorithms can include methods that handle large numbers of variables directly
such as statistical methods or methods based on machine learning technigues. Statistical
methods can include penalized logistic regression, prediction analysis of microarravs {(PAM},

methods based on shrunken centroids, support vector machine analysis, or regulanized linear
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discriminant analysis. Machine learning techniques can include bagging procedures, boosting
procedures, random forest algorithms, or any combination thereof.
[0096] The classifier or trained algorithm of the present disclosure can comprise two or
more feature spaces. The two or more feature spaces can be unique or distinct from one
another. Individual feature spaces can comprise types of information about a sample, such as
gene expression level data or sequence variant data. Combining two or more feature spaces in
a classifier can produce a higher level of accuracy of the risk stratifying or classifying than
producing risk stratification using a single feature space. The dynamic ranges of the
individual feature spaces can be different, such as at least 1 or 2 orders of magnitude
different. For example, the dynamic range of the gene expression level feature space may be
between 0 and about 300 and the dynamic range of sequence variant feature space may be
between 0 and about 20.
[0097] Individual feature spaces can comprise a set of genes, such as a first set of genes
of the first feature space and a second set of genes of the second feature space. A set of genes
of an individual feature space can be associated with a risk of occurrence of risk. The first set
of genes and the second set of genes can be the same set. The first set of genes and the second
set of genes can be different sets. The first set of genes or the second set of genes can
comprise less than about 1000, 500, 400, 300, 200, 100, 75, 70, 65, 60, 55, 50, 45, 40, 35, 30,
25, 20, 15, 10, 5 genes or less. The first set of genes or the second set of genes can comprise
less than about 10 genes. The first set of genes or the second set of genes can comprise less
than about 50 genes. The first set of genes or the second set of genes can comprise less than
about 75 genes. The first set of genes or the second set of genes can comprise between about
50 and about 400 genes. The first set of genes or the second set of genes can comprise
between about 50 and about 200 genes. The first set of genes or the second set of genes can
comprise between about 10 and about 600 genes.
[0098] The first set of genes can comprise genes listed in FIG. 6. The first set of genes
can comprise genes listed in FIG. 7. The first set of genes can comprise COL1A1, THBS2, or
any combination thereof. The first set of genes can comprise COL1A1, TMEM92, Clorf87,
SPAG4, EHF, COL3A1, GALNT15, NUP210L, PDZRN3, C60rf136, NA, NRXN3,
COL6A3, RAPGEFS, PRICKLE], LUM, ROBO1, BGN, AC019117.2, PRSS3P1, or any
combination thereof,
[0099] The first set of genes can comprise genes listed in FIG. 13. The first set of genes
can comprise COL1A1, NUP210L, TMEMO2, C6orf136, SPAG4, EHF, RAPGEFS,
COL3AL GALNTIS, PRICKLEL LUM, COL6A3, ROBO1, SSC5D, PSORSICE, orany
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combination thereof. The first set of genes can be selected from the group consisting of
COLIAL NUPZIOL, TMEMO2, Coorf136, SPAGE, EHF, RAPGEFS, COL3AL, GALNT13,
PRICKLET, LUM, COLGA3, ROBOIL, S8C3D, PSORSICI, and any combination thereof.
The first set of genes can comprise COLITAT. The first set of genes can comprise NUP210L.
The first set of genes can comprise TMEMOS2Z. The first set of genes can comprise Coorf136.
The first set of genes can comprise SPAG4. The first set of genes can comprise EHF. The
first set of genes can comprise RAPGEFS. The first set of genes can comprise COL3A1. The
first set of genes can comprise GALNTIS. The first set of genes can comprise PRICKLEL
The first set of genes can comprise LUM. The first set of genes can comprise COLO6A3. The
first set of genes can comprise ROBQO1. The first set of genes can comprise SSCSD. The first
set of genes can coroprise PSORSICT

[00100] The second set of genes can comprise those genes listed in FIG. 8. The second set
of genes can comprise COL1A1, THBS2, or any combination thereof. The second set of
genes can comprise EPHA3, COL1A1, EHF, RAPGEF5, PRICKLE1, TMEM92, ROBO1,
C6orf136, SPAG4, GALNT15, LUM, NCAM2, NUP210L, NR2F 1, THBS2, PSORSI1C1, or
any combination thereof. The second set of genes can comprise EPHA3, COL1A1, EHF,
RAPGEF5, PRICKLE1, TMEM92, ROBO1, C60rf136, SPAG4, GALNT15, LUM, NCAM2,
SYNPO2, NUP210L, AMZ1, NR2F1, THBS2, PSORSIC1, FTH1P24, or any combination
thereof. The second set of genes can comprise AKAP9, SPRY3, SPRY3, CAMKK2,
COLI1A1, FITM2, COX6C, VSIGIOL, CYC1, KDM1B, MAPK 15, ARSG, PAXIPI,
DAAMI, AVL9, DMGDH, HLA-DQA1, HLA-DQB1, HLA-DRA, HLA-DRBS, HLA-H,
IRF1, MGATI1, P2RX1, PLEK, CCDC93, PPPIR12C, SLC41A3, METTL3, CCAR2,
PTPRE, SRL, SLC30A5, BMP4, ZNF133, ICE2, DCAKD, TMX1, TNFSF12, PER2,
MCMS3AP, or any combination thereof.

[00101] The second set of genes can comprise genes listed in FIG. 12. The second set of
genes can comprise COL1A1, FITM2, AASDH, COX6C, COX10, VSIGI0L, MAPK15,
PAXIP1, AVLY, GIGYF2, HLA-DQA1, HLA-DQB1, HLA-DRA, HLA-H, MGATI,
SLC41A3, PTPRE, SRL, SLC30A5, BMP4, ICE2, DCAKD, TMX1, HAVCR2, TNFSF12,
PER2, MCM3AP, or any combination thereof. The second set of genes can be selected from
the group consisting of COL1A1, FITM2, AASDH, COX6C, COX10, VSIG10L, MAPK15,
PAXIP1, AVLY, GIGYF2, HLA-DQA1, HLA-DQB1, HLA-DRA, HLA-H, MGATI,
SLC41A3, PTPRE, SRL, SLC30A5, BMP4, ICE2, DCAKD, TMX1, HAVCR2, TNFSF12,
PER2, MCM3AP, and any combination thereof. The second set of genes can comprise
COLTAL1. The second set of genes can comprise FITM2. The second set of genes can

27



WO 2016/141127 PCT/US2016/020583

comprise AASDH. The second set of genes can comprise COX6C. The second set of genes
can comprise COX10. The second set of genes can comprise VSIG10L. The second set of
genes can comprise MAPK15. The second set of genes can comprise PAXIP1. The second
set of genes can comprise AVL9. The second set of genes can comprise GIGYF2. The second
set of genes can comprise HLA-DQAT1. The second set of genes can comprise HLA-DQB1.
The second set of genes can comprise HLA-DRA. The second set of genes can comprise
HLA-H. The second set of genes can comprise MGAT1. The second set of genes can
comprise SLC41A3. The second set of genes can comprise PTPRE. The second set of genes
can comprise SRL. The second set of genes can comprise SLC30AS. The second set of genes
can comprise BMP4. The second set of genes can comprise ICE2. The second set of genes
can comprise DCAKD. The second set of genes can comprise TMX1. The second set of
genes can comprise HAVCR2. The second set of genes can comprise TNFSF12. The second
set of genes can comprise PER2. The second set of genes can comprise MCM3AP.

[00102] The classifier or trained algorithm of the present disclosure can be trained using a
set of samples, such as a sample cohort. The sample cohort can comprise about 5, 10, 20, 30,
40, 50, 60, 70, 80, 90, 100, 150, 200, 250, 300, 350, 400, 450, 500, 600, 700, 800, 900, 1000,
2000, 3000, 4000, 5000 or more independent samples. The sample cohort can comprise about
100 independent samples. The sample cohort can comprise about 200 independent samples.
The sample cohort can comprise between about 100 and about 500 independent samples. The
independent samples can be from subjects having been diagnosed with a disease, such as
cancer, from healthy subjects, or any combination thereof.

[00103] The sample cohort can comprise samples from about 5, 10, 20, 30, 40, 50, 60, 70,
80, 90, 100, 150, 200, 250, 300, 350, 400, 450, 500, 600, 700, 800, 900, 1000 or more
different individuals. The sample cohort can comprise samples from about 100 different
individuals. The sample cohort can comprise samples from about 200 different individuals.
The different individuals can be individuals having been diagnosed with a disease, such as
cancer, health individuals, or any combination thereof.

[00104] The sample cohort can comprise samples obtained from individuals living in at
teast 1,2, 3,4, 5, 6,67, 8,9, 10, 15, 20, 25, 30, 35, 40, 45, 50, 55, 60, 65, 70, 75, or 80
different geographical locations (e.g., sites spread out across a nation, such as the United
States, across a continent, or across the world). Geographical locations include, but are not
Himited to, test centers, medical facilities, medical offices, post office addresses, cities,

counties, states, nations, or continents. In some cases, a classifier that s trained using sample
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cohorts from the United States may need to be re-trained for use on sample cohorts from
other geographical regions (e.g., India, Asia, Europe, Africa, etc.}.

[00105] A classifier or trained algorithm may produce a unique output each time it is run.
For example, using different samples with the same classifier can produce a unique output
each time the classifier is run. Using the same samples with the same classifier can produce a
unique output each time the classifier is run. Using the same samples to train a classifier more
than one time, may result in unique outputs each time the classifier is run.

[00106] Characteristics of a sample can be compared to characteristics of a reference set.
The comparing can be performed by the classifier. More than one characteristic of a sample
can be combined to formulate a risk of disease occurrence. The combining can be performed
by the classifier. For example, sequences obtained from a sample can be compared to a
reference set to determine the presence of one or more sequence variants in a sample. In some
cases, gene expression levels of one or more genes from a sample can be compared to
expression levels of a reference set of genes to determine the presence of differential gene
expression of one or more genes. The reference set can comprise one or more housekeeping
genes. The reference set can comprise known sequence variants or expression levels of genes
known to be associated with a particular disease or known to be associated with a non-disease
state. The classifier or trained algorithm can perform the comparing, combining, statistical
evaluation, or further analysis of results, or any combination thereof. Separate reference sets
may be provided for different feature spaces. For example, sequence variant data may be
compared to a sequence variant data reference set. A gene expression level data may be
compared to a gene expression level reference set. In some cases, multiple feature spaces may
be compared to the same reference set.

[00107] In some cases, sequence variants of a particular gene may or may not affect the
gene expression level of that same gene. A sequence variant of a particular gene may affect
the gene expression level of one or more different genes that may be located adjacent to and
distal from the particular gene with the sequence variant. The presence of one or more
sequence variants can have downstream effects on one or more genes. A sequence variant of
a particular gene may perturb one or more signaling pathways, may cause ribonucleic acid
(RNA) transcriptional regulation changes, may cause amplification of deoxyribonucleic acid
(DNA), may cause multiple transcript copies to be produced, may cause excessive protein to
be produced, may cause single base pairs, multi-base pairs, partial genes or one or more

genes to be removed from the sequence.
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[00108] Data from the methods described, such as gene expression levels or sequence
variant data can be further analyzed using feature selection technigues such as filters which
can assess the relevance of specific features by looking at the intrinsic properties of the data,
wrappers which embed the model hypothesis within a feature subset search, ot emabedded
protocols in which the search for an optimal set of features is built into a classifier algorithm.
[00109] Filters useful in the methods of the present disclosure can include (1) parametric
methods such as the use of two sample t-tests, analysis of varniance {ANOVA) analyses,
Bayesian frameworks, or Gamma distribution models {2} model free methods such as the use
of Wilcoxon rank sum tests, between-within class sum of squares tests, rank products
methods, random permutation methods, or threshold number of misclassification (TNoM)
which involves setting a threshold point for fold-change differences 1o expression between
two datasets and then detecting the threshold point in each gene that minimizes the number of
mus~classifications or (3) multivariate methods such as bivariate methods, correlation based
feature selection methods (CF8), minimum redundancy maximum relevance methods
{(MRMR), Markov blanket filter methods, and uncorrelated shrunken centroid methods.
Wrappers useful in the methods of the present disclosure can include sequential search
methods, genetic algorithms, or estimation of distribution algorithms. Embedded protocols
can include random forest algorithms, weight vector of support vector machine algorithms, or
weights of logistic regression algorithms.

[00110] Siatistical evaluation of the results obtained from the methods described herein
can provide a quantitative value or values indicative of one or more of the following: the
likelihood of risk assessment accuracy; the hikelthood of diagnostic accuracy; the likelthood
of disease, such as cancer; the likelihood of a particular disease, such as a tissue-specific
cancer, for example, thyroid cancer; and the hikelihood of the success of a particular
therapeutic intervention. Thus a medical professional, who may not be trained in genetics or
molecular biology, need not understand gene expression level or sequence variant data
results. Rather, data can be presented directly to the medical professional in its most useful
form to guide care or treatment of the subject. Statistical evaluation, combination of separate
data results, and reporting useful resulis can be performed by & classifier or trained algorithm.
Statistical evaluation of results can be performed using a number of methods including, but
not imited to: the students T test, the two sided T test, pearson rank sum analysis, hidden
markoy model analysis, analysis of g-q plots, principal component analysis, one way analysis
of variance (ANOVA}, two way ANOVA | and the like. Statistical evaluation can be
performed by the classifier or trained algorithm.
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[00111] The methods disclosed herein may include extracting and analyring protein or
nucleic acid (RNA or BNA) from one or more samples from a subject. Nucleic acid can be
extracted from the entire sample obtained or can be extracted from a portion. In some cases,
the portion of the sample not subjected to nucleic acid extraction may be analyzed by
cytological examination or immuno-histochemistry. Methods for RNA or DNA extraction
from biological samples can include for example phenol-chloroform exiraction (such as
guanidintum thiocyanate phenol-chloroform extraction), ethanol precipitation, spin column-
based purification, or others.

[00112] General methods for determining gene expression levels may include but are not
himited to one or more of the following: additional cytological assays, assays for specific
proteins ot enzyrue activities, assays for specific expression products wncluding protein or
RNA or specific RNA splice variants, in situ hybridization, whole or partial genome
expression analysis, microarray hybridization assays, serial avalysis of gene expression
{SAGE), enzyme linked immuno-absorbance assays, mass-spectrometry, immuno-
tustochemistry, blotting, sequencing, RNA sequencing, DNA sequencing {(¢.g., sequencing of
complementary deoxyribonucleic acid {¢BNA) obtained from RNA); next generation (Next-
Gen) sequencing, nanopore sequencing, pyrosequencing, or Nanostring sequencing. Gene
expression product levels may be normalized to an internal standard such as total messenger
ribonuclieic acid (mRNA) or the expression level of a particular gene. There can be a specific
difference or range of difference in gene expression between samples being compared to one
another, for example a sample from a subject and a reference sample. The difference in gene
expression level can be at least 5%, 10%, 15%, 20%, 25%, 30%, 35%, 40%, 45% or 50% or
more. In some cases, the difference in gene expression level canbe atfeast 2, 3,4, 5,6, 7, §,
9, 10 fold or more.

[00113] RNA Sequencing can produce two or more feature spaces such as counts of geng
expression and presence of sequence variants of a particular sample. For example, RNA
sequencing measures varants in genes expressed in a specific tissue or specific sample, such
as a thyroid tissue or thyroid nodule. Next generation sequence can provide gene expression
fevel data of a particular sample. Sequencing results, such as RNA seguencing and Nexi
generation sequencing results, can be entered into a classifier that can combine unique feature
spaces to determine the risk of occurrence of a disease with higher accuracy than using a
single feature space. The classifier or trained algorithm can include algorithms that have been

developed using a reference set of known malignant, benign, and normal samples. The
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classifier or trained algorithm can include algorithms that have been developed using a
reference set of known low-risk, medium-risk, and high-risk samples.

Markers for array hybridization, sequencing, amplification

[00114] Suitable reagents for conducting array hybridization, nucleic acid sequencing,
nucleic acid amplification or other amplification reactions include, but are not limited to,
DNA polymerases, markers such as forward and reverse primers, deoxynucleotide
triphosphates (ANTPs), and one or more buffers. Such reagents can include a primer that is
selected for a given sequence of interest, such as the one or more genes of the first set of
genes and/or second set of genes.
[00115] In such amplification reactions, one primer of a primer pair can be a forward
primer complementary to a sequence of a target polynucleotide molecule (e.g. the one or
more genes of the first or second sets) and one primer of a primer pair can be a reverse primer
complementary to a second sequence of the target polynucleotide molecule and a target locus
can reside between the first sequence and the second sequence.
[00116] The length of the forward primer and the reverse primer can depend on the sequence
of the target polynucleotide (e.g. the one or more genes of the first or second sets) and the
target locus. In some cases, a primer can be greater than or equal to about 5, 10, 11, 12, 13,
14,15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38,
39,40, 41, 42, 43, 44, 45, 46, 47, 48, 49, 50, 51, 52, 53, 54, 55, 56, 57, 58, 59, 60, 65, 70, 75,
80, 85, 90, 95, or about 100 nucleotides in length. As an alternative, a primer can be less than
about 100, 95, 90, 85, 80, 75, 70, 65, 60, 59, 58, 57, 56, 55, 54, 53, 52, 51, 50, 49, 48, 47, 46,
45,44, 43,42, 41, 40, 39, 38, 37, 36, 35, 34, 33, 32, 31, 30, 29, 28, 27, 26, 25, 24, 23, 22, 21,
20,19, 18,17, 16, 15, 14, 13, 12, 11, 10, 9, 8, 7, 6, or about nucleotides in length. In some
cases, a primer can be about 15 to about 20, about 15 to about 25, about 15 to about 30, about
15 to about 40, about 15 to about 45, about 15 to about 50, about 15 to about 55, about 15 to
about 60, about 20 to about 25, about 20 to about 30, about 20 to about 35, about 20 to about
40, about 20 to about 45, about 20 to about 50, about 20 to about 55, about 20 to about 60,
about 20 to about 80, or about 20 to about 100 nucleotides in length.
[00117] Primers can be designed according to known parameters for avoiding secondary
structures and self-hybridization, such as primer dimer pairs. Different primer pairs can
anneal and melt at about the same temperatures, for example, within 1°C, 2°C, 3°C, 4°C,
5°C, 6°C, 7°C, 8°C, 9°C or 10°C of another primer pair.
[00118] The target locus can be about 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23,
24,25, 26,27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 48,
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49, 50, 100, 150, 200, 220, 230, 240, 250, 260, 270, 280, 290, 300, 310, 320, 330, 340, 350,
360, 370, 380, 390, 400, 410, 420, 430, 440, 450, 460, 470, 480, 490, 500, 510, 520, 530,
540, 550, 560, 570, 580, 590, 600, 650, 700, 750, 800, 850, 900 or 1000 nucleotides from the
3’ ends or 5’ ends of the plurality of template polynucleotides.

[00119] The markers (i.e., primers) for the methods described can be one or more of the
same primer. In some instances, the markers can be one or more different primers such as
about2,3,4,5,6,7,8,9,10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 30, 40, 50, 60, 70, 80, 90,
100, 200, 300, 400, 500, 600, 700, 800, 900, 1000 or more different primers. In such
examples, each primer of the one or more primers can comprise a different target or template
specific region or sequence, such as the one or more genes of the first or second sets.

[00120] The one or more primers can comprise a fixed panel of primers. The one or more
primers can comprise at least one or more custom primers. The one or more primers can
comprise at least one or more control primers. The one or more primers can comprise at least
one or more housekeeping gene primers. In some instances, the one or more custom primers
anneal to a target specific region or complements thereof. The one or more primers can be
designed to amplify or to perform primer extension, reverse transcription, linear extension,
non-exponential amplification, exponential amplification, PCR, or any other amplification
method of one or more target or template polynucleotides.

[00121] Primers can incorporate additional features that allow for the detection or
immobilization of the primer but do not alter a basic property of the primer (e.g., acting as a
point of initiation of DNA synthesis). For example, primers can comprise a nucleic acid
sequence at the 5” end which does not hybridize to a target nucleic acid, but which facilitates
cloning or further amplification, or sequencing of an amplified product. For example, the
sequence can comprise a primer binding site, such as a PCR priming sequence, a sample
barcode sequence, or a universal primer binding site or others.

[00122] A universal primer binding site or sequence can attach a universal primer to a
polynucleotide and/or amplicon. Universal primers can include -47F (M13F), alfaMF,
AOX3’, AOXS’, BGHr, CMV-30, CMV-50, CVM{, LACrmt, lamgda gt10F, lambda gt 10R,
lambda gt11F, lambda gt1 1R, M13 rev, M13Forward(-20), M13Reverse, male,
pl0SEQPpQE, pA-120, pet4, pGAP Forward, pGLRVpr3, pGLpr2R, pKLAC14, pQEFS,
pQERS, pucU1, pucU2, reversA, seqIREStam, seqIRESzpet, seqori, seqPCR, seqpIRES-,
seqpIRESH, seqpSecTag, seqpSecTag+, seqretro+PSI, SP6, T3-prom, T7-prom, and T7-
termInv. As used herein, attach can refer to both or either covalent interactions and

noncovalent interactions. Attachment of the universal primer to the universal primer binding
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site may be used for amplification, detection, and/or sequencing of the polynucleotide and/or
amplicon.

Uses of risk determination

[00123] Resuits of the classifier, such as a risk of disease occurrence or data from methods
disclosed herein, such as gene expression levels or sequence variant data can be entered into a
database for access by representatives or ageuts of a molecular profiling business, an
individual, a medical professional, or insurance provider. A computer or algorithmic analysis
of the data can be provided automatically. Results can be presented as a report on a computer
screen or as a paper record. Results can be uploaded, in some cases automatically, to a
database or remote server. The report can include, but is not limited to, such information as
one or more of the following: suitability of the original sarple, the name and/or number of
genes differentially expressed, the name and/or number of genes with sequence variants, the
types of sequence variants, the expression level of genes differentially expressed, a numerical
classifier score, a diagnosis for the subject, a statistical confidence for the diagnosis, a risk of
occurrence of the disease, indicated therapies, or any combination thereof.

[00124] A subject may be monitored at a single time point or over multiple time points
using the methods described herein. For example, a subject may be diagnosed with g disease
such as cancer or a genetic disorder using the methods described herein. In some cases, this
initial diagnosis may not involve the use of the methods described herein. The subject having
a posttive disease diagnosis, such as thyroid cancer, may then be prescribed a therapeutic
intervention such as a thyroidectomy or to begin a drug regime, such as chemotherapy. The
results of the therapeutic intervention may be ronitored on an ongoing basis by using the
methods described herein to detect the efficacy of the therapeutic intervention. In another
example, a subject whom otherwise does not have cancer may be diagnosed with a risk of
occurrence of cancer and may be monitored on an ongoing basis by the methods deseribed
herein to detect any changes in the state of their health status to determine whether cancer
may become present at a later point 1o time or to influence the frequency of which to perforro
screening methods.

[00125] The methods as described herein may also be used to ascertain the potential
efficacy of a specific therapeutic intervention prior to administering to a subject. For
exaraple, a subject may be diagnosed with cancer. The methods as described herein may
indicate high levels of a gene expression in a gene product known to be involved in cancer
malignancy, such as for example the RAS oncogene. A sample from the subject having the
high levels may be obtained and cultured in vitro. The application of varicus inhibitors of the
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aberrantly activated or dysregulated pathway, or drugs known to inhibit the activity of the
pathway may then be tested against the tumor cells of the sampie for growth inhibition.
Molecular profiling may also be used to monitor the effect of these inhibitors on for example
down-stream targets of the implicated pathway. Molecular profiling may also be used to
predict the efficacy of these inhibitors.

[00126] The methods described herein may be used as a research tool to identify new
markers for diagnosts of a disease such as cancer; to monitor the effect of drugs or candidate
drugs on samples such as tumor cells, cell lines, tissues, or organisms; or {0 uncover new
pathways for disease progression or repression such as cancer oncogenests and/or tumor
suppression.

[00127] The methods described herein can provide: 1) gene expression analysis of samples
containing low amount and/or low quality of nucleic acid; 2} a significant reduction of false
positives and false negatives, 3} a determunation of the underlying gevetic, metabolic, or
signaling pathways responsible for a resulting pathology, 4} the ability to assign a statistical
probability to the accuracy of the diagnosis of disease such as genetic disorders, 5) the ability
to resolve ambiguous results, 0) the ability to distinguish between sub-types of a disease such
as cancer, and 7) the ability to distinguish between a low risk of occurrence of a disease and a
medium-to-high risk of occurrence of a disease.

[00128] Predication may rely on accurate training labels. For example, as shown in FIG,
18, samples labeled or classified as histologically malignant in an Afitma Gene Expression
Classitier {(GEC) version 1, are further labeled or classified using the American Thyroid
Association {ATA) staging systern as either low risk of oceurrence or medium/high risk of
occurrence. For a sample to be labelled as a low risk of occurrence, a histopathology repost
may describe absence of one or more risk features. For a sample to be labelled as a
medium/high risk of occurrence, a histopathology report may describe one or more risk
features as being positively present. A risk feature may be a lymph node metastasis, a
vascular invasion, an extra-thyroid extension, or any corobination thereof.

[00129] A risk classifier may be trained using a single tissue sample comprising a specific
subtype of cancer, for example, a tissue sample comprising papillary thyroid carcinoma
(PTC). In some cases, a risk classifier is trained using a single tissue sample comprising two,
three, four, or more subtypes of cancer, for example, PTC, LCT, HA, and FC. In some cases,
a risk classifier may be trained using more than one tissue sample, for example two tissue
samples, wherein the two tissue samples comprising two, three, four, or more subtypes of
cancer, for example, PTC, LCT, HA, and FC.
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Kits

[00130] The disease diagnostic business, molecular profiling business, pharmaceutical
business, or other business associated with patient healthcare may provide a kit for
performing the determining the risk of occurrence of a disease. The kit may include a
classifier, a sample cohort for training the algorithm, and a list of genes for each feature
space, such as a first set of genes and second set of genes. In some cases, the kit may include
a classifier and a list of genes for each feature space. The kit may be a general kit for all
disease types. The kit may be a specific kit for a specific disease such as cancer, or a specific
kit to a disease subtype such as thyroid cancer. The kit may provide a classifier that has
already been trained used a sample cohort not provided in the kit. The kit may provide
periodic updates of sample cohorts or lists of genes for feature spaces to use with the
classifier. The kit may provide software to automate a summary of results that can be
reported or displayed or downloaded by the medical professional and/or entered into a
database. The summary of results can include any of the results disclosed herein, including
recommendations of treatment options for the patient and risk occurrence of a disease. The
kit may also provide a unit or device for obtaining a sample from a subject (e.g., a device
with a needle coupled to an aspirator). The kit may also provide instructions for performing
methods as disclosed herein, and include all necessary buffers and reagents for RNA
sequencing and next generation (NextGen) sequencing. The kit may also include instructions
for analyzing the results. Such instructions may include directing the user to software (e.g.,
software with a trained algorithm) and databases for analyzing the results.

Computer control systems

[00131] The present disclosure provides computer control systems that are programmed to
implement methods of the disclosure. FIG. 9 shows a computer system 9001 that is
programmed or otherwise configured to implement the methods provided herein. The
computer system 9001 can regulate various aspects of stratifying risk of occurrence of
disease of the present disclosure, such as, for example, running a classifier or training
algorithm and reporting the stratified risk of occurrence. The computer system 9001 can be
an electronic device of a user or a computer system that is remotely located with respect to
the electronic device. The electronic device can be a mobile electronic device.

[00132] The computer system 9001 includes a central processing unit (CPU, also
“processor” and “computer processor” herein) 9005, which can be a single core or multi core
processor, or a plurality of processors for parallel processing. The computer system 9001

also includes memory or memory location 9010 (e.g., random-access memory, read-only
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memory, flash memory), electronic storage unit 9015 (e.g., hard disk), communication
interface 9020 (e.g., network adapter) for communicating with one or more other systems,
and peripheral devices 9025, such as cache, other memory, data storage and/or electronic
display adapters. The memory 9010, storage unit 9015, interface 9020 and peripheral devices
9025 are in communication with the CPU 90085 through a communication bus (solid lines),
such as a motherboard. The storage unit 9015 can be a data storage unit (or data repository)
for storing data. The computer system 9001 can be operatively coupled to a computer
network (“network”) 9030 with the aid of the communication interface 9020. The network
9030 can be the Internet, an internet and/or extranet, or an intranet and/or extranet that is in
communication with the Internet. The network 9030 in some cases is a telecommunication
and/or data network. The network 9030 can include one or more computer servers, which
can enable distributed computing, such as cloud computing. The network 9030, in some
cases with the aid of the computer system 9001, can implement a peer-to-peer network,
which may enable devices coupled to the computer system 9001 to behave as a client or a
server.

[00133] The CPU 9005 can execute a sequence of machine-readable instructions, which
can be embodied in a program or software. The instructions may be stored in a memory
location, such as the memory 9010. The instructions can be directed to the CPU 9005, which
can subsequently program or otherwise configure the CPU 9005 to implement methods of the
present disclosure. Examples of operations performed by the CPU 90085 can include fetch,
decode, execute, and writeback.

[00134] The CPU 9005 can be part of a circuit, such as an integrated circuit. One or more
other components of the system 9001 can be included in the circuit. In some cases, the
circuit is an application specific integrated circuit (ASIC).

[00135] The storage unit 9015 can store files, such as drivers, libraries and saved
programs. The storage unit 9015 can store user data, e.g., user preferences and user
programs. The computer system 9001 in some cases can include one or more additional data
storage units that are external to the computer system 9001, such as located on a remote
server that is in communication with the computer system 9001 through an intranet or the
Internet.

[00136] The computer system 9001 can communicate with one or more remote computer
systems through the network 9030. For instance, the computer system 9001 can
communicate with a remote computer system of a user (e.g., service provider). Examples of

remote computer systems include personal computers (e.g., portable PC), slate or tablet PC’s
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(e.g., Apple® iPad, Samsung® Galaxy Tab), telephones, Smart phones (e.g., Apple® iPhone,
Android-enabled device, Blackberry®), or personal digital assistants. The user can access the
computer system 9001 via the network 9030.

[00137] Methods as described herein can be implemented by way of machine (e.g.,
computer processor) executable code stored on an electronic storage location of the computer
system 9001, such as, for example, on the memory 9010 or electronic storage unit 9015. The
machine executable or machine readable code can be provided in the form of software.
During use, the code can be executed by the processor 9005. In some cases, the code can be
retrieved from the storage unit 9015 and stored on the memory 9010 for ready access by the
processor 9005. In some situations, the electronic storage unit 9015 can be precluded, and
machine-executable instructions are stored on memory 9010.

[00138] The code can be pre-compiled and configured for use with a machine having a
processer adapted to execute the code, or can be compiled during runtime. The code can be
supplied in a programming language that can be selected to enable the code to execute in a
pre-compiled or as-compiled fashion.

[00139] Aspects of the systems and methods provided herein, such as the computer system
9001, can be embodied in programming. Various aspects of the technology may be thought
of as “products” or “articles of manufacture” typically in the form of machine (or processor)
executable code and/or associated data that is carried on or embodied in a type of machine
readable medium. Machine-executable code can be stored on an electronic storage unit, such
as memory (e.g., read-only memory, random-access memory, flash memory) or a hard disk.
“Storage” type media can include any or all of the tangible memory of the computers,
processors or the like, or associated modules thereof, such as various semiconductor
memories, tape drives, disk drives and the like, which may provide non-transitory storage at
any time for the software programming. All or portions of the software may at times be
communicated through the Internet or various other telecommunication networks. Such
communications, for example, may enable loading of the software from one computer or
processor into another, for example, from a management server or host computer into the
computer platform of an application server. Thus, another type of media that may bear the
software elements includes optical, electrical and electromagnetic waves, such as used across
physical interfaces between local devices, through wired and optical landline networks and
over various air-links. The physical elements that carry such waves, such as wired or
wireless links, optical links or the like, also may be considered as media bearing the

software. As used herein, unless restricted to non-transitory, tangible “storage” media, terms

38



WO 2016/141127 PCT/US2016/020583

such as computer or machine “readable medium” refer to any medium that participates in
providing instructions to a processor for execution.

[00140] Hence, a machine readable medium, such as computer-executable code, may take
many forms, including but not limited to, a tangible storage medium, a carrier wave medium
or physical transmission medium. Non-volatile storage media include, for example, optical
or magnetic disks, such as any of the storage devices in any computer(s) or the like, such as
may be used to implement the databases, etc. shown in the drawings. Volatile storage media
include dynamic memory, such as main memory of such a computer platform. Tangible
transmission media include coaxial cables; copper wire and fiber optics, including the wires
that comprise a bus within a computer system. Carrier-wave transmission media may take
the form of electric or electromagnetic signals, or acoustic or light waves such as those
generated during radio frequency (RF) and infrared (IR) data communications. Common
forms of computer-readable media therefore include for example: a floppy disk, a flexible
disk, hard disk, magnetic tape, any other magnetic medium, a CD-ROM, DVD or DVD-
ROM, any other optical medium, punch cards paper tape, any other physical storage medium
with patterns of holes, a RAM, a ROM, a PROM and EPROM, a FLASH-EPROM, any other
memory chip or cartridge, a carrier wave transporting data or instructions, cables or links
transporting such a carrier wave, or any other medium from which a computer may read
programming code and/or data. Many of these forms of computer readable media may be
involved in carrying one or more sequences of one or more instructions to a processor for
execution.

[00141] The computer system 9001 can include or be in communication with an electronic
display 9035 that comprises a user interface (UI) 9040 for providing, for example, an output
or readout of the classifier or trained algorithm. Examples of UI’s include, without
limitation, a graphical user interface (GUI) and web-based user interface.

[00142] Methods and systems of the present disclosure can be implemented by way of one
or more algorithms. An algorithm can be implemented by way of software upon execution
by the central processing unit 9005. The algorithm can, for example, stratifying risk of
occurrence of a disease or classifying a sample as benign, malignant, suspicious, or non-
diagnostic.

Example 1: Risk stratification of sample using risk classifier

[00143] Current risk adapted approaches to initial management of thyroid cancer is based
upon post-operative classification of subjects as either high-intermediate risk or low risk of

occurrence utilizing the 2009 American Thyroid Association staging system (ATA). While
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this anatomic staging system can be clinically useful, it cannot be accurately assessed prior to
thyroidectomy, and it cannot include any molecular predictors of subject outcome. This study
determines if transcriptional data obtained during diagnostic fine needle aspiration (FNA) of
malignant thyroid nodules could be used to augment risk stratification prior to thyroid
surgery.

[00144] FNA material from samples is preoperatively collected (n=79) and post-surgically
diagnosed by a panel of experts as papillary thyroid carcinoma (PTC), including classic
histologic subtypes (FIG. 1 and FIG. 2). Each patient is categorized as either “low risk” or
“medium-to-high risk” using established guidelines for occurrence risk stratification.
Genome-wide RNA Sequence (RNASeq) data (80 million reads per sample) is obtained and
supervised learning is used to train classifiers; including Support Vector Machine (SVM),
Random Forest (RF), penalized logistic regression (PLR), and an ensemble of the three.
Classifier performance is measured using 10-fold cross-validation on the same sample cohort.
[00145] Classifiers are built using 320 genes and open source software DESeq models that
controlled for BRAF gene status. Maximum classification performance of “low risk” vs.
“medium-to-high risk” is observed for an support vector machine (SVM) classifier with a
maximal area under the receiver operating characteristic (ROC) curve (AUC) of 0.86 (FIG. 3
and FIG. 4). All classifiers achieve similar AUCs: RF 0.82, PLR 0.82, and ensemble 0.84.
Genes discovered to be useful in classification belong to a variety of transmembrane
signaling pathways including ECM-receptor interaction, focal adhesion, and cell adhesion
molecules (FIG. 5). The classifiers evaluated use a threshold that optimized total accuracy,
favoring neither sensitivity nor specificity. When applied to the sample cohort, the support
vector machine (SVM) classifier correctly identifies 79.3% (23/29) of American Thyroid
Association (ATA) low risk tumors and 82.0% (41/50) of ATA medium-to-high risk tumors
(FIG. 5).

Example 2: Cross-Validation Model

[00146] Indeterminate thyroid nodules are tested employing a Gene Expression Classifier
(GEC) with mutational panels to determine whether pre-operative risk stratification is
augmented by employing machine learning. FIG. 10 is a flow diagram showing the
determination of training labels. Afirma GEC version 1 training labels are employed to
distinguish between histological benign samples and histologically malignant samples. The
histologically malignant samples are further distinguished between low risk of occurrence
and medium/high risk of occurrence using the American Thyroid Association (ATA) Risk

training labels. Medium/high risk features include lymph node metastasis, vascular invasion,
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extra-thyroid extension, or any combination thereof. The risk training sample cohort is shown
in FIG. 1. The percent of samples having the medium/high risk of occurrence histological
features is shown in FIG. 2. A 10-fold cross-validation is performed to evaluate the Area
Under the Curves (AUCs) for different learning models including a linear support vector
machine (SVM), Random Forest, GLMNet, and Ensemble Classifier. In this example, the
best model is the Ensemble Classifier which has an AUC of 0.871 (as shown in FIG. 11A), a
sensitivity of 86% (as shown in FIG. 11B), and a specificity of 86% (as shown in FIG. 11B),
a positive predictive value (PPV) of 91.3%, and a negative predictive value (NPV) of 78.3%.
The initial feature space is 850 initial features, including 50 counts and 800 variants. The best
performance is using 240 combined features. The top features from the variants selected by
the classifier in every fold are shown in FIG. 12. The top features from the counts selected 8
to 10 times by the classifier in 10 folds are shown in FIG. 13.

Example 3: Mutational Analysis

[00147] Fine needle aspirate (FNA) samples (n=81) are collected and post-surgically
diagnosed by a panel of experts as malignant (papillary thyroid carcinoma (PTC), multifocal
papillary thyroid carcinoma (mPTC), follicular variant of papillary thyroid carcinoma
(FVPTC), papillary thyroid carcinoma with tall-cell features (PTC-TCV), medullary thyroid
cancer (MTC), well-differentiated carcinoma-not otherwise specified (WDC-NOS),
hepatocellular cancer (HCC), follicular cancer (FC)) or benign (benign familial neutropenia
(BFN), fibroadenoma (FA), hepatocellular adenoma (HCA), hyalinizing trabecular adenoma
(HTA), Leydig cell tumour (LCT)). Surgical tissue samples (n=57) having histopathology
truth are also analyzed. A consecutive series of indeterminate FNAs (n=101) from a Clinical
Laboratory Improvement Amendments (CLIA) lab without histopathology are also analyzed.
Samples are subjected to Next Generation Sequencing (NGS) and 14 genes (FIG. 14) are
evaluated with increasing numbers of interrogated genomic sites and fusion pairs in the five
different mutational panels. As shown in FIG. 14, the upper table indicates the number of
genomic sites and the number of fusion pairs for each of the five mutation panels. Mutation
panel 1 is comprised of 9 genomic sites and 3 fusion pairs. Mutation panel 2 is comprised of
19 genomic sites and 25 fusion pairs. Mutation panel 3 is comprised of 208 genomic sites and
25 fusion pairs. Mutation panel 4 is comprised of 929 genomic sites and 25 fusion pairs.
Mutation panel 5 is comprised of 3670 genomic sites and 25 fusion pairs. The lower table of
FIG. 14 shows the 14 genes targeted in one or more of the mutation panels.

[00148] Several filters are applied to score the data. Samples are scored negative when no

fusions or point mutations are present. Samples are scored positive if at least one fusion or
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point mutation is detected, except for guanine nucleotide binding protein, alpha stimulating
(GNAS) mutations, markers of which are considered to be markers of benignity.

[00149]  Sensitivity to detect malignancy improves in all sample cohorts with increasing
number of loci. Specificity shows the opposite trend, decreasing in all sample cohorts with
increasing number of loci. In FNA samples in FIG. 15, the smallest 9 site panel renders a
sensitivity of 53% and a specificity of 93%. The largest panel (3670 sites) in FIG. 15 renders
a sensitivity of 100% and a specificity of 10%.

[00150] In surgical tissues (n=38) in FIG. 17, a similar trend is observed. A total of 57
tissues are evaluated. However, only 38 tissues have definitive histologically benign or
histologically malignant pathology to be used in the test performance calculations. In the
smallest 9 site panel of FIG. 17, 89% specificity is associated with 45% sensitivity. In the
densest panel (3670 sites) of FIG. 17, a sensitivity of 100% is associated with 0% specificity.
[00151] Overall, the two larger panels of FIG. 15 and FIG. 17 wrongly called 87-90% of
histology benign FNAs as malignant, while the two smaller panels of FIG. 15 and FIG. 17
miss 48-58% of known cancers. The frequency of mutations and fusions in the CLIA FNA
samples across the five panels is 13%, 4%, 21%, 89% and 92%, respectively. Sensitivity
gained by detecting increasingly larger numbers of point mutations and fusions come at the
cost of specificity and run the risk of overcalling malignancy in truly benign samples.
[00152] The mutation performance by cytology in panel 3, having 208 sites, is shown in
FIG. 16. The groups are divided by the Bethesda Cytology Category which includes
cytologically benign (Cyto B), Atypia of Undetermined Significance/Follicular Lesion of
Underdetermined Significance (AUS/FLUS), follicular neoplasm/suspicious for follicular
neoplasm (FN/SFN), suspicious for malignancy (SFM), cytologically malignant (Cyto M),
and all the samples. Several parameters including the total number of samples, the number of
histologically benign mutations per total, the number of histologically malignant mutations
per total, the sensitivity, the specificity are shown for each group in FIG. 16.

[00153] A graphical representation of mutation frequency observed for the CLIA FNA
samples is shown in FIG. 18A. Mutation positive samples (Panel 3) are indicated in a dark
gray color. GNAS positive nodules are indicated in a light gray color. Percent mutation
frequency is subdivided into different groups including an overall group, an AUS/FLUS
group, and an FN/SFN group. FIG. 18B shows a table of genes and mutations that were
detected with panel 3 in the various subgroups also shown in FIG. 18A.

[00154] A graphical representation of mutation frequency observed for the FNA samples
is shown in FIG. 19A. Mutation positive nodules (Panel 3) are indicated in dark gray.
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Nodules are depicted size proportional with the smallest nodule = 1 centimeter (cm). Percent
mutation frequency is subdivided into different groups including an overall group, a
histologically malignant group, and a histologically benign group. FIG. 19B shows a table of
genes and mutations that are detected with panel 3 in the various subgroups also shown in
FIG. 19A.

[00155] A graphical representation of mutation frequency observed for the tissue samples
is shown in FIG. 20A. Mutation positive samples (Panel 3) are indicated in dark gray. GNAS
positive nodules are indicated in light gray. Percent mutation frequency is subdivided into
different groups including an overall group, a histologically malignant group, a histologically
benign group, and a histologically unsatisfactory or nondiagnostic group. FIG. 20B shows a
table of genes and mutations that are detected with panel 3 in the various subgroups also
shown in FIG. 20A.

[00156] While preferred embodiments of the present invention have been shown and
described herein, it will be obvious to those skilled in the art that such embodiments are
provided by way of example only. It is not intended that the invention be limited by the
specific examples provided within the specification. While the invention has been described
with reference to the aforementioned specification, the descriptions and illustrations of the
embodiments herein are not meant to be construed in a limiting sense. Numerous variations,
changes, and substitutions will now occur to those skilled in the art without departing from
the invention. Furthermore, it shall be understood that all aspects of the invention are not
limited to the specific depictions, configurations or relative proportions set forth herein which
depend upon a variety of conditions and variables. It should be understood that various
alternatives to the embodiments of the invention described herein may be employed in
practicing the invention. It is therefore contemplated that the invention shall also cover any
such alternatives, modifications, variations or equivalents. It is intended that the following
claims define the scope of the invention and that methods and structures within the scope of

these claims and their equivalents be covered thereby.
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CLAIMS

WHAT IS CLAIMED IS:

i

(¥l

6.

i

A method for evaluating a tissue sample of a subject to determine a risk of occurrence of

disease in said subject, comprising:

{(a) obtaining an expression level corresponding to each one or more genes of a first set of
genes in a nucleic acid sample in a needle aspirate sample obtained from said subject,
which first set of genes is associated with said risk of occurrence of disease in said
subject;

(b} determining a presence of a nucleic acid sequence corresponding to each of one or
more genes of a second set of genes in said nucleic acid sample, which second set of
genes is associated with said risk of occurrence of disease in said subject;

{c} separately comparing to controls (i) said expression level obtained in {a) and (ii) said
nucleic acid sequence obtained in (b) to provide comparisons of said expression level
and said nucleic acid sequence to said controls, wherein a comparison of said mucleic
acid sequence to a reference sequence among satd controls 18 indicative of a presence
of one or more sequence variants with respect to a given gene of said second set of
genes; and

{d} using a computer processor that is programmed with a trained algorithm to (1} analyze
said comparisons and (i1} determine said risk of occurrence of said disease based on
said comparisons.

The method of claim 1, wherein the disease is cancer.

The method of claira 1, further comprising, prior o (a), obtaining said needle aspirate

sample from said subject.

The method of claim 1, further comprising, prior to (a), determining said expression level

from said nucleic acid sample in said needle aspirate sample.

The method of claim 1, further comprising, prior to (b), deternuning said nucleic acid

sequence from said nucleic acid sample in said needle aspirate sample.

The method of claim 5, further comprising comparing said nucleic acid sequence to said

reference sequence to wdentify said one or more sequence varianis.

The method of claim 6, wherein said reference sequence is a housekeeping gene from

said subject.

The method of claim 1, wherein said one or more genes in said first set or second set of

genes include a plurality of genes.
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The method of claim 1, wherein said needle aspirate sample has been found to be
cytologically ambiguous or suspicious,

The method of claim 1, wherein said needle aspirate sample has a volume that is about |
microliter or less.

The methed of claim |, wherein said needle aspirate sample has an RNA Integrity
Number (RIN} value of about 9.0 or less.

The method of claim 10, wherein said needie aspirate sample has an RIN value of about
6.0 or less.

The method of claim 1, wherein said risk of occurrence of said disease includes a risk of
recurrence of said disease in said subject.

The ruethod of claim 2, wherein said risk of occurrence of satd cancer includes a risk of
metastasis in said subject.

The method of claim 1, wherein said trained algorithru is trained employing tissue
samples from at least 25 subjects having been diagnosed with said disease.

The method of claim 15, wherein said trained algorithm is trained employing fissue
samples from at least 200 subjects having been diagnosed with said disgase.

The method of claim 1, wherein {d) occurs pre-operatively.

The method of claim 1, whergin (d) occurs prior to said subject having a positive disease
diagnosis,

The method of claim 1, wherein (d) further compnises stratifying said risk of occurrence
into a low risk of occurrence or a medium-to-high risk of occurrence, wherein said low
tisk of occurrence has a probability of occurrence between about 50% and about 80% and
wherein said medium-to~-high risk of occurrence has a probability of occurrence between
about 80% and 100%.

The method of claim 19, wherein said stratifying has an accuracy of at least 80%.

The method of claim 19, wherein said stratifying has a specificity of at least 80%.

The method of claim 1, further comprising applving one or more filiers, one or more
wrappers, one or more embedded protocols, or any combination thereof to said
COMPAriSOns.

The method of claim 22, further comprising applying said one or more filters to said
COMPArisons.

The method of claim 23, wherein said one or more filters comprises a t-test, an analysis
of variance (ANOVA) analysis, a Bayesian framework, a Gamuma distribution, a
Wilcoxon rank sum test, between-within class sum of squares test, a rank products

45



28.

30.

31

36

(]
~3

WO 2016/141127 PCT/US2016/020583

method, a random permutation method, a threshold number of misclassification {TNoM),
a bivariate method, a correlation based feature selection {TFS) method, a minimum
redundancy maximum relevance (MRMR )} method, a Markov blanket filter method, an

uncorrelated shrunken centroid method, or any combination thereof,

. The method of claim 23, wherein said one or more sequence variants comprise one or

more of a potnt mutation, a fusion gene, a substitution, a deletion, an insertion, an

inversion, a conversion, a transiocation, or any combination thereof,

. The method of claim 25, wherein said one or more point mutations is from about 5 to

about 4000 point mutations.

. The method of claim 25, wherein said one or more fusion genes is at least two fusion

genes.
The method of claim 1, wherein said one or more genes of said first or second set is less

than about 15 genes.

. The method of claim |, wherein said one or more genes of said first or second set is less

than about 75 genes.

The method of claim 1, wherein said one or more genes of said first or second set is
between about 50 and about 400 genes.

The method of claim 1, whergin said obtaining in {b) comprises sequencing a nucleic

acid sample in said FINA sample to obtain said nucleic acid sequence.

. The roethod of claim 31, wherein said sequencing comprises entiching for said one or

more genes of a second set of genes, or variants thereof.

. The method of claim 1, wherein (a) comprises using a microarray with probes that are

selective for said one or more genes of said first set of genes.

. The method of claim |, wherein said tissue sample 15 a thyroid tissue sample.

. The method of claim 34, wherein said first and second sets of genes comprise COL1A1,

THBS2, or any combination thereof.

The method of claim 34, wherein said second set of genes comprise EPHA3, COL1A1,
EHF, RAPGEFS, PRICKLE1, TMEM92, ROBO1, C60rf136, SPAG4, GALNTI15, LUM,
NCAM2, NUP210L, NR2F1, THBS2, PSORSICI, or any combination thereof.

. The method of claim 34, wherein said first set of genes comprises COL1A1, TMEM92,

Clorf87, SPAG4, EHF, COL3A1, GALNT15, NUP210L, PDZRN3, C60rf136, NA,
NRXN3, COL6A3, RAPGEFS, PRICKLE1, LUM, ROBO1, BGN, AC019117.2,

PRSS3P1, or any combination thereof.
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The method of claim 34, wherein said second set of genes comprises EPHA3, COL1AL,
EHF, RAPGEFS, PRICKLE1, TMEM92, ROBOI, C60rf136, SPAG4, GALNT15, LUM,
NCAM2, SYNPO2, NUP210L, AMZ1, NR2F1, THBS2, PSORS1C1, FTH1P24, or any
combination thereof.

The method of claim 34, wherein said second set of genes comprises AKAP9, SPRY3,
SPRY3, CAMKK2, COLIA1, FITM2, COX6C, VSIGI0L, CYC1, KDM1B, MAPKI15,
ARSG, PAXIP1, DAAM1, AVL9, DMGDH, HLA-DQA1, HLA-DQB1, HLA-DRA,
HLA-DRBS5, HLA-H, IRF1, MGAT1, P2RX1, PLEK, CCDC93, PPP1R12C, SLC41A3,
METTL3, CCAR2, PTPRE, SRL, SLC30AS5, BMP4, ZNF133, ICE2, DCAKD, TMXI,
TNFSF12, PER2, MCM3AP, or any combination thereof.

The method of claim 1, wherein said first set of genes and said second set of genes are
difterent.

The method of claim 1, further comprising identifying new genetic biomarkers of said

disease.

2. The method of claim 1, wherein said obtaining in {(a) comprises assaving for said

expression fevel corresponding to each of said one or more genes.

. The method of claim 42, wherein said assaying comprises array hybridization, nucleic

acid sequencing or nucleic acid amplification using markers that are selected for each of
said one or more genes.
The method of claim 43, wherein said markers are primers that are selected for each of

said one or more genes.

. The method of claim 43, wherein said assaying comprises reverse transcription

polymerase chain reaction (PCR).

5. The method of claim 1, wherein said determining comprises assayving for each of said

one or more genes of said second set of genes in said nucletc acid sample.

. The method of claim 46, wherein said assaying comprises array hybridization, nucleic

acid sequencing or nucleic acid amplification using markers that are selected for each of
said one or more genes.

The rmoethod of claim 47, wherein said markers are primaers that are selected for each of
said one or more genes.

The method of claim 47, wherein said assaying comprises reverse transcription

polymerase chain reaction (PCR).
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50. The method of claim 1, wherein said needle aspirate sample is a fine needie aspirate

sample.

(¥4

A system for evaluating a tissue sample of a subject to determine a risk of occurrence of
disease in said subject, the systern comprising:

one of more computer memory that stores {(a) an expression corresponding to each
one or more genes of a first set of genes in a nucleic acid sample in a needle aspirate
sample obtained from said subject, which first set of genes is associated with said risk of
occurrence of disease in said subject, and (b) an indication of 4 presence of a nucleic acid
sequence corresponding to each of one or more genes of a second set of genes in said
nucleic acid sarople, which second set of genes is associated with said risk of occurrence
of disease n said subject; and

a computer processor coupled to said one or more computer memory and programmed
to:

(i} separately compare to controls (1} said expression level in said
computer memory and (2) said nucleic acid sequence to provide
comparisons of said expression fevel and said nucleic acid sequence to
said controls, wherein a comparison of said nucleic acid sequence to a
reference sequence among said controls is indicative of a presence of
one or more sequence variants with respect to a given gene of said
second set of genes; and

{1}  use atrained algorithm to {1} analyze said comparisons and {2}
deterrine said risk of occurrence of said disease based on said
COmMpariscns,

$2. A non-transitory computer-readable medium comprising machine executable code that,

upon execution by one or more computer processors, implements a method for evaluating

a tissue sample of a subject to determine a risk of occurrence of disease in said subject,

the method comprising

{(a) obtaining an expression level corresponding to each one or more genes of a first set of
genes in a nucleic acid sample in a needle aspirate sample obtained from said subject,
which first set of genes is associated with said risk of occurrence of disease in said
subject;

(b} determining a presence of a nucleic acid sequence corresponding to each of one or
more genes of a second set of genes in said nucleic acid sample, which second set of
genes is associated with said risk of occurrence of disease in said subject;
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{c)

(d)

separately comparing to controls (1) said expression level obtained in (a) and (1) said
nucleic acid sequence obtained in (b} to provide comparisons of said expression level
and said nucleic acid sequence to said controls, wherein a comparison of said nucleic
acid sequence to a reference sequence among said controls 1s indicative of a presence
of one or more sequence variants with respect to a given gene of said second set of
genes, and

using a computer processor that is programmed with a trained algorithm to (i) analyze
said comparisons and (i1} determine said risk of occurrence of said disease based on

said comparisons.
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: : : cv_fold_f:

Ensembl Gene ID ' ENTREZID ‘Gene Symbol §Description irequencyi
EPH receptor A3 [Source:HGNC

ENSG00000044524 2042 EPHA3 Symbol;Acc:HGNC:3387] 10
collagen, type |, alpha 1 [Source:HGNC

ENSG00000108821 1277 COL1A1 Symbol;Acc:HGNC:2197] 10
ets homologous factor [Source:HGNC

ENSG00000135373 26298 [EHF Symbol;Acc:HGNC:3246] 10
Rap guanine nucleotide exchange factor (GEF) 5

ENSG00000136237 9771 RAPGEF5 [Source:HGNC Symbol;Acc:HGNC:16862] 10
prickle homolog 1 (Drosophila} [Source:HGNC

ENSG00000139174 144165 |PRICKLE1 Symbol;Acc:HGNC:17019] 10
transmembrane protein 92 [Source:HGNC

ENSG00000167105 162461 |TMEM92 Symbol;Acc:HGNC:26579] 10
roundabout, axon guidance receptor, homolog 1
(Drosophila) [Source:HGNC

ENSG00000169855 6091 ROBO1 Symbol;Acc:HGNC:10249] 10
chromosome 6 open reading frame 136

ENSG00000204564 221545 |[C6orfl36 [Source:HGNC Symbol;Acc:HGNC:21301] 10
sperm associated antigen 4 [Source:HGNC

ENSG00000061656 6676  |SPAG4 Symbol;Acc:HGNC:11214] 9
polypeptide N-acetylgalactosaminyltransferase 15

ENSG00000131386 117248 |GALNT15 [Source:HGNC Symbol;Acc:HGNC:21531] 9

ENSG00000139329 4060 LUM lumican [Source:HGNC Symbol;Acc:HGNC:6724] 9
neural cell adhesion molecule 2 [Source:HGNC

ENSG00000154654 4685 NCAM?2 Symbol;Acc:HGNC:7657] 9
synaptopodin 2 [Source:HGNC

ENSG00000172403 171024 |SYNPO2 Symbol;Acc:HGNC:17732] 9
nucleoporin 210kDa-like [Source:HGNC

ENSG00000143552 91181 [NUP210L Symbol;Acc:HGNC:29915] 8
archaelysin family metallopeptidase 1

ENSG00000174945 155185 |[AMZ1 [Source:HGNC Symbol;Acc:HGNC:22231] 8
nuclear receptor subfamily 2, group F, member 1

ENSG00000175745 7025 NR2F1 [Source:HGNC Symbol;Acc:HGNC:7975] 8
thrombospondin 2 [Source:HGNC

ENSG00000186340 7058 |THBS2 Symbol;Acc:HGNC:11786] 8
psoriasis susceptibility 1 candidate 1 [Source:HGNC

ENSG00000204540 170679 |PSORS1C1 Symbol;Acc:HGNC:17202] 8
ferritin, heavy polypeptide 1 pseudogene 24

ENSG00000249302 NA FTH1P24 [Source:HGNC Symbol;Acc:HGNC:37642] 8
FIG. 6
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ENSG00000236039 NA AC019117.2 7
UBX domain protein 11 [Source:HGNC

ENSG00000158062 91544 |UBXN11 Symbol;Acc:HGNC:30600] 6
syntaxin 19 [Source:HGNC

ENSG00000178750 415117 |STX19 Symbol;Acc:HGNC:19300] 6
chromosome 9 open reading frame 163

ENSG00000196366 158055 |C9orfl63 [Source:HGNC Symbol;Acc:HGNC:26718] 6

ENSG00000254352 NA RP11-578024.2 6

ENSG00000269845 641367 |RP11-420K14.6 6
integrin, beta 4 [Source:HGNC

ENSG00000132470 3691 ITGB4 Symbol;Acc:HGNC:6158] 5
AHNAK nucleoprotein 2 [Source:HGNC

ENSG00000185567 113146 |AHNAK2 Symbol;Acc:HGNC:20125] 5

CCR4-NOT transcription complex, subunit 7
pseudogene 2 [Source:HGNC

ENSG00000232185 NA CNOT7P2 Symbol;Acc:HGNC:44249] 5
ENSG00000232466 NA RP11-337A23.5 5
complement factor H [Source:HGNC
ENSG0O0000000971 3075 CFH Symbol;Acc:HGNC:4883] 4
neuronal guanine nucleotide exchange factor
ENSG00000066248 25791 |NGEF [Source:HGNC Symbol;Acc:HGNC:7807] 4
ENSG00000170454 9119 KRT75 keratin 75 [Source:HGNC Symbol;Acc:HGNC:24431] 4
ENSG00000226824 100996437 [RP4-756H11.3 4
small nucleolar RNA, H/ACA box 47 [Source:HGNC
ENSG00000238961 677828 [SNORA47 Symbol;Acc:HGNC:32640] 4
ribosomal protein L7 pseudogene 39 [Source:HGNC
ENSG00000243020 NA RPL7P39 Symbol;Acc:HGNC:36214] 4
golgin A6 family-like 7, pseudogene [Source:HGNC
ENSG00000261649 728310 |GOLGA6L7P Symbol;Acc:HGNC:37442] 4
tweety family member 2 [Source:HGNC
ENSG00000141540 94015 |TTYH2 Symbol;Acc:HGNC:13877] 3
ADP-ribosylation factor-like 5C [Source:HGNC
ENSG00000141748 390790 |ARL5C Symbol;Acc:HGNC:31111] 3

matrix metallopeptidase 3 (stromelysin 1,
progelatinase) [Source:HGNC
ENSG00000149968 4314 MMP3 Symbol;Acc:HGNC:7173] 3

FIG. 6 (continued)
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collagen, type VI, alpha 3 [Source:HGNC
ENSG00000163359 1293 COL6A3 Symbol;Acc:tHGNC:2213] 3
CD300 molecule-like family member d
ENSG00000204345 100131439 [CD300LD [Source:HGNC Symbol;Acc:HGNC:16848] 3
ENSG00000269700 NA NA NA 3
glutathione S-transferase mu 4 [Source:HGNC
ENSG0O0000168765 2948 GSTM4 Symbol;Acc:HGNC:4636] 2
tumor protein p53 inducible protein 11
ENSG00000175274 9537 TP53111 [Source:HGNC Symbol;Acc:HGNC:16842] 2
laminin, alpha 2 [Source:HGNC
ENSG00000196569 3908 LAMA2 Symbol;Acc:HGNC:6482] 2
ENSG00000231172 101927884 |AC007099.1 2
ENSG00000254708 NA RP1-145M24.1 2
long intergenic non-protein coding RNA 1478
ENSG00000267337 101927921 [LINC01478 [Source:HGNC Symbol;Acc:HGNC:51121] 2
nuclear factor, erythroid 2-like 3 [Source:HGNC
ENSG00000050344 9603 NFE2L3 Symbol;Acc:HGNC:7783] 1
ENSG00000100362 5816 PVALB parvalbumin [Source:HGNC Symbol;Acc:tHGNC:9704] 1
diacylglyceral kinase, eta [Source:HGNC
ENSG00000102780 160851 |[DGKH Symbol;Acc:HGNC:2854] 1
fibronectin 1 [Source:HGNC
ENSG00000115414 2335 FN1 Symbol;Acc:HGNC:3778] 1

ST6 (alpha-N-acetyl-neuraminyl-2,3-beta-galactosyl
1,3)-N-acetylgalactosaminide alpha-2,6-
sialyltransferase 5 [Source:HGNC

ENSG00000117069 81849 |STEGALNACS Symbol;Acc:HGNC:19342] 1
progestin and adipoQ receptor family member V
ENSG00000137819 54852 |PAQRS5 [Source:HGNC Symbol;Acc:HGNC:29645] 1
transmembrane 4 L six family member 19
ENSG00000145107 116211 |[TMASF19 [Source:HGNC Symbol;Acc:HGNC:25167] 1
protein tyrosine phosphatase, receptor type, K
ENSG00000152894 5796 PTPRK [Source:HGNC Symbol;Acc:HGNC:9674] 1
ankyrin repeat and BTB (POZ) domain containing 2
ENSG00000166016 25841 |ABTB2 [Source:HGNC Symbol;Acc:HGNC:23842] 1
histamine receptor H1 [Source:HGNC
ENSG00000196639 3269 HRH1 Symbol;Acc:HGNC:5182] 1
ENSG00000203585 100507175 [RP11-542B815.1 1
TMASF19 antisense RNA 1 [Source:HGNC
ENSG00000235897 100874214 [TMASF19-AS1 Symbol;Acc:HGNC:41085] 1
ENSG00000240518 NA RP11-515C16.1 1
ENSG00000241679 NA RP11-80H8.4 1
ENSG00000250770 NA RP5-1063M23.1 1
ENSG00000254429 NA CTD-2562)17.7 1
ENSG00000267857 NA RP5-1023B821.1 1

FIG. 6 (continued)
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CV_fold_

; : éfrequenci

'ENTREZID SYMBOL ‘GENENAME oy

10142 AKAP9 A kinase (PRKA) anchor protein 9 10

10251 SPRY3 sprouty homolog 3 (Drosophila) 10

10251 SPRY3 sprouty homolog 3 (Drosophila) 10

10645 CAMKK?2 calcium/calmodulin-dependent protein kinas 10

1277 COL1A1 collagen, type |, alpha 1 10
fat storage-inducing transmembrane protein

128486 FITM2 2 10

1345 COX6C cytochrome ¢ oxidase subunit Vic 10
V-set and immunoglobulin domain

147645 VSIG10L containing 10 like 10

1537 CYC1 cytochrome c-1 10

221656 KDM1B lysine (K)-specific demethylase 1B 10

225689 MAPK15 mitogen-activated protein kinase 15 10

22901 ARSG arylsulfatase G 10
PAX interacting (with transcription-

22976 PAXIP1 activation domain) protein 1 10
dishevelled associated activator of

23002 DAAM1 morphogenesis 1 10

23080 AVL9 AVL9 homolog (S. cerevisiase) 10

29958 DMGDH dimethylglycine dehydrogenase 10
major histocompatibility complex, class I,

3117 HLA-DQAl DQ alpha 1 10
major histocompatibility complex, class I,

3119 HLA-DQB1 DQ beta 1 10
major histocompatibility complex, class I,

3122 HLA-DRA DR alpha 10
major histocompatibility complex, class I,

3127 HLA-DRB5 DR beta 5 10
major histocompatibility complex, class I, H

3136 HLA-H (pseudogene) 10

3659 IRF1 interferon regulatory factor 1 10
mannosyl (alpha-1,3-)-glycoprotein beta-1,2-

4245 MGAT1 N-acetylglucosaminyltransferase 10
purinergic receptor P2X, ligand-gated ion

5023 P2RX1 channel, 1 10

5341 PLEK pleckstrin 10

54520 CCDC93 coiled-coil domain containing 93 10
protein phosphatase 1, regulatory subunit

54776 PPP1R12C 12C 10

54946 SLC41A3 solute carrier family 41, member 3 10

56339 METTL3 methyltransferase like 3 10
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57805 CCAR?2 cell cycle and apoptosis regulator 2 10
protein tyrosine phosphatase, receptor type,
5791 PTPRE E 10
6345 SRL sarcalumenin 10
solute carrier family 30 (zinc transporter),
64924 SLC30A5 member 5 10
652 BMP4 bone morphogenetic protein 4 10
7692 ZNF133 zinc finger protein 133 10
interactor of little elongator complex ELL
79664 ICE2 subunit 2 10
79877 DCAKD dephospho-CoA kinase domain containing 10
thioredoxin-related transmembrane protein
81542 TMX1 1 10
tumor necrosis factor (ligand) superfamily,
8742 TNFSF12 member 12 10
8864 PER2 period circadian clock 2 10
minichromosome maintenance complex
8888 MCM3AP component 3 associated protein 10
100462981 |MTRNR2L2 MT-RNR2-like 2 9
solute carrier family 34 (type |l
sodium/phosphate contransporter), member
10568 SLC34A2 2 9
10626 TRIM16 tripartite motif containing 16 9
11276 SYNRG synergin, gamma 9
126017 ZNF813 zinc finger protein 813 9
cytochrome c oxidase assembly homolog 10
1352 COX10 (yeast) 9
140685 ZBTB46 zinc finger and BTB domain containing 46 9
163081 ZNF567 zinc finger protein 567 9
coagulation factor V (proaccelerin, labile
2153 F5 factor) 9
23065 EMC1 ER membrane protein complex subunit 1 9
23157 SEPT6 septin 6 9
23164 MPRIP myosin phosphatase Rho interacting protein 9
interactor of little elongator complex ELL
23379 ICEL subunit 1 9
26058 GIGYF2 GRB10 interacting GYF protein 2 9
3728 JUP junction plakoglobin 9
matrix metallopeptidase 9 (gelatinase B,
92kDa gelatinase, 92kDa type IV
4318 MMP9 collagenase) 9
protein phosphatase 2, regulatory subunit
5518 PPP2R1A A, alpha 9
pleckstrin homology domain containing,
55200 PLEKHG6 family G (with RhoGef domain) member 6 9
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58191 CXCL16 chemokine (C-X-C motif) ligand 16 9
629 CFB complement factor B 9
633 BGN biglycan 9
6990 DYNLT3 dynein, light chain, Tctex-type 3 9
7846 TUBA1A tubulin, alpha 1a 9
79968 WDR76 WD repeat domain 76 9
8544 PIR pirin (iron-binding nuclear protein) 9
serpin peptidase inhibitor, clade H (heat
shock protein 47), member 1, (collagen
871 SERPINH1 binding protein 1) 9
8773 SNAP23 synaptosomal-associated protein, 23kDa 9
914 CD2 CD2 molecule 9
91662 NLRP12 NLR family, pyrin domain containing 12 9
100130015 |URAHP urate (hydroxyiso-) hydrolase, pseudogene 8
adaptor-related protein complex 1, mu 2
10053 AP1M2 subunit 8
10376 TUBA1B tubulin, alpha 1b 8
10422 UBAC1 UBA domain containing 1 8
1062 CENPE centromere protein E, 312kDa 8
11022 TDRKH tudor and KH domain containing 8
TBC1 domain family, member 8 {with GRAM
11138 TBC1DS8 domain)
115361 GBP4 guanylate binding protein 4
adaptor-related protein complex 2, mu 1
1173 AP2M1 subunit 8
150468 CKAP2L cytoskeleton associated protein 2-like 8
155061 ZNF746 zinc finger protein 746 8
cytochrome P450, family 51, subfamily A,
1595 CYP51A1 polypeptide 1 3
DNA fragmentation factor, 40kDa, beta
1677 DFFB polypeptide (caspase-activated DNase) 8
199777 ZNF626 zinc finger protein 626 8
221476 Pl16 peptidase inhibitor 16 8
222235 FBXL13 F-box and leucine-rich repeat protein 13 3
222696 ZSCAN23 zinc finger and SCAN domain containing 23 8
pleckstrin homology-like domain, family A,
22822 PHLDA1 member 1 8
caspase recruitment domain family,
22900 CARDS member 8 8
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chaperonin containing TCP1, subunit 5
22948 CCT5 (epsilon) 8
2313 FLI1 Fli-1 proto-oncogene, ETS transcription facto 8
23426 GRIP1 glutamate receptor interacting protein 1 8
ABL proto-oncogene 1, non-receptor
25 ABL1 tyrosine kinase 8
atypical chemokine receptor 1 (Duffy blood
2532 ACKR1 group) 8
25821 MTO1 mitochondrial tRNA translation optimization 8
eukaryotic translation initiation factor 2-
27102 EIF2AK1 alpha kinase 1 8
27295 PDLIM3 PDZ and LIM domain 3 8
2842 GPR19 G protein-coupled receptor 19 8
29882 ANAPC?2 anaphase promoting complex subunit 2 8
Dnal (Hsp40) homolog, subfamily B,
3337 DNAJB1 member 1 8
3486 IGFBP3 insulin-like growth factor binding protein 3 8
3712 IVD isovaleryl-CoA dehydrogenase 8
killer cell lectin-like receptor subfamily C,
3821 KLRC1 member 1 8
4882 NPR2 natriuretic peptide receptor 2 8
51084 CRYL1 crystallin, lambda 1 8
51295 ECSIT ECSIT signalling integrator 8
leucine-rich repeat containing G protein-
55366 LGR4 coupled receptor 4 8
potassium voltage-gated channel, KQT-like
56479 KCNQ5 subfamily, member 5 8
56906 THAP10 THAP domain containing 10 8
56942 CMC2 C-x(9)-C motif containing 2 8
ADAM metallopeptidase with
56999 ADAMTS9 thrombospondin type 1 motif, 9 8
57188 ADAMTSL3 ADAMTS-like 3 8
57613 KIAA1467 KIAA1467 8
58487 CREBZF CREB/ATF bZIP transcription factor 8
sodium channel, non-voltage-gated 1, beta
6338 SCNN1B subunit 8
VPS33B interacting protein, apical-
basolateral polarity regulator, spe-39
63894 VIPAS39 homolog 8
vacuolar protein sorting 33 homolog A (S.
65082 VPS33A cerevisiae) 8
7053 TGM3 transglutaminase 3 8
7058 THBS2 thrombospondin 2 8
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potassium voltage-gated channel, shaker-

7881 KCNAB1 related subfamily, beta member 1 8
membrane bound O-acyltransferase domain

79143 MBOAT7 containing 7 8

79152 FA2H fatty acid 2-hydroxylase 8
mitochondrial transcription termination

80298 MTERF2 factor 2 8

84034 EMILIN2 elastin microfibril interfacer 2 8

84951 TNS4 tensin 4 3

8578 SCARF1 scavenger receptor class F, member 1 8

8642 DCHS1 dachsous cadherin-related 1 8
CASP2 and RIPK1 domain containing

8738 CRADD adaptor with death domain 8
Rho guanine nucleotide exchange factor

8874 ARHGEF7 (GEF) 7 8
papilin, proteoglycan-like sulfated

89932 PAPLN glycoprotein 8
core-binding factor, runt domain, alpha

9139 CBFA2T2 subunit 2; translocated to, 2 3
solute carrier family 16 (monocarboxylate

9194 SLC16A7 transporter), member 7 8

928 CD9 CD9 molecule 8
heparan sulfate (glucosamine) 3-O-

9957 HS3ST1 sulfotransferase 1 8

100101467 [ZSCAN30 zinc finger and SCAN domain containing 30 7

10101 NUBP2 nucleotide binding protein 2 7

10766 TOB2 transducer of ERBB2, 2 7

151194 METTL21A methyltransferase like 21A 7

1975 EIF4B eukaryotic translation initiation factor 4B 7

1994 ELAVL1 ELAV like RNA binding protein 1 7

221785 ZSCAN25 zinc finger and SCAN domain containing 25 7

3305 HSPA1L heat shock 70kDa protein 1-like 7
mitochondrial ribosomal protein L42

359821 MRPL42P5 pseudogene 5 7

3880 KRT19 keratin 19 7

441155 LOC441155 zinc finger CCCH-type domain-containing-likg 7

54472 TOLLIP toll interacting protein 7
required for meiotic nuclear division 1

55005 RMND1 homolog (S. cerevisiae) 7

55827 DCAF6 DDB1 and CUL4 associated factor 6 7

56992 KIF15 kinesin family member 15 7
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retinoic acid receptor responder (tazarotene

5918 RARRES1 induced) 1 7

64236 PDLIM2 PDZ and LIM domain 2 (mystique) 7

79022 TMEM106C transmembrane protein 106C 7
leukocyte immunoglobulin-like receptor,

79168 LILRAG subfamily A (with TM domain), member 6 7
growth regulation by estrogen in breast

80000 GREBI1L cancer-like 7

80219 €0Q10B coenzyme Q10 homolog B (S. cerevisiae) 7

80279 CDK5RAP3 CDKS5 regulatory subunit associated protein j 7

84131 CEP78 centrosomal protein 78kDa 7

84984 CEP19 centrosomal protein 19kDa 7
HECT and RLD domain containing E3

8925 HERC1 ubiquitin protein ligase family member 1 7
vacuolar protein sorting 26 homolog A (S.

9559 VPS26A pombe) 7

994 CDC25B cell division cycle 25B 7

100506736 |SLFN12L schlafen family member 12-like 6

10260 DENND4A DENN/MADD domain containing 4A 6
GCN1 general control of amino-acid

10985 GCN1L1 synthesis 1-like 1 (yeast) 6

165140 OXER1 oxoeicosanoid (OXE) receptor 1 6
ankyrin repeat and sterile alpha motif

23294 ANKSI1A domain containing 1A 6
major histocompatibility complex, class Il,

3123 HLA-DRB1 DR beta 1 6

338692 ANKRD13D ankyrin repeat domain 13 family, member D 6
recombination signal binding protein for

3516 RBPJ immunoglobulin kappa J region 6
integrin, alpha 2 (CD49B, alpha 2 subunit of

3673 ITGA2 VLA-2 receptor) 6

54434 SSH1 slingshot protein phosphatase 1 6
alpha thalassemia/mental retardation

546 ATRX syndrome X-linked 6

57335 ZNF286A zinc finger protein 286A 6

57511 COG6 component of oligomeric golgi complex 6 6

64848 YTHDC2 YTH domain containing 2 6

653361 NCF1 neutrophil cytosolic factor 1 6

7572 ZNF24 zinc finger protein 24 6

81027 TUBB1 tubulin, beta 1 class VI 6

84656 GLYR1 glyoxylate reductase 1 homolog (Arabidopsig 6
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84824 FCRLA Fc receptor-like A 6
84868 HAVCR?2 hepatitis A virus cellular receptor 2 6
9648 GCC2 GRIP and coiled-coil domain containing 2 6
10482 NXF1 nuclear RNA export factor 1 5
chromodomain helicase DNA binding
1106 CHD2 protein 2 5
Rho guanine nuclectide exchange factor
27237 ARHGEF16 (GEF) 16 5
3716 JAK1 Janus kinase 1 5
3831 KLC1 kinesin light chain 1 5
3965 LGALSS lectin, galactoside-binding, soluble, 9 5
latent transforming growth factor beta
4052 LTBP1 binding protein 1 5
440145 MZT1 mitotic spindle organizing protein 1 5
56107 PCDHGA9 protocadherin gamma subfamily A, 9 5
6490 PMEL premelanosome protein 5
80781 COL18A1 collagen, type XVIII, alpha 1 5
84334 APOPT1 apoptogenic 1, mitochondrial 5
100532731 |COMMD3-BMI1 |COMMD3-BMI1 readthrough 4
100532746 |PPT2-EGFL8 PPT2-EGFL8 readthrough (NMD candidate) 4
10521 DDX17 DEAD (Asp-Glu-Ala-Asp) box helicase 17 4
10569 SLU7 SLU7 splicing factor homolog (S. cerevisiae) 4
1066 CES1 carboxylesterase 1 4
10767 HBS1L HBS1-like translational GTPase 4
115677 NOSTRIN nitric oxide synthase trafficking 4
149473 CCDC24 coiled-coil domain containing 24 4
1606 DGKA diacylglycerol kinase, alpha 80kDa 4
microtubule associated serine/threonine
23031 MAST3 kinase 3 4
25824 PRDX5 peroxiredoxin 5 4
26289 AK5 adenylate kinase 5 4
27433 TOR2A torsin family 2, member A 4
glycerol-3-phosphate dehydrogenase 2
2820 GPD2 {mitochondrial) 4
282679 AQP11 aquaporin 11 4
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3073 HEXA hexosaminidase A (alpha polypeptide) 4
3159 HMGA1 high mobility group AT-hook 1 4
3371 TNC tenascin C 4
4671 NAIP NLR family, apoptosis inhibitory protein 4
468 ATF4 activating transcription factor 4 4
51154 MRTO4 MRNA turnover 4 homolog (S. cerevisiae) 4
54439 RBM27 RNA binding motif protein 27 4
54471 MIEF1 mitochondrial elongation factor 1 4
Rho guanine nucleotide exchange factor
54848 ARHGEF38 (GEF) 38 4
55780 ERMARD ER membrane-associated RNA degradation 4
5669 PSG1 pregnancy specific beta-1-glycoprotein 1 4
6241 RRM2 ribonucleotide reductase M2 4
6423 SFRP2 secreted frizzled-related protein 2 4
64327 LMBR1 limb development membrane protein 1 4
inverted formin, FH2 and WH2 domain
64423 INF2 containing 4
6904 TBCD tubulin folding cofactor D 4
family with sequence similarity 160,
729830 FAM160A1 member Al 4
79065 ATGY9A autophagy related 9A 4
8348 HIST1IH2BO histone cluster 1, H2bo 4
phosphatidic acid phosphatase type 2
84513 PPAPDC1B domain containing 1B 4
8532 CPZ carboxypeptidase Z 4
9099 UspP2 ubiquitin specific peptidase 2 4
9374 PPT2 palmitoyl-protein thioesterase 2 4
100529209 |RNASEK-C170rf49 |RNASEK-C170rf49 readthrough 3
100861437 |NARR nine-amino acid residue-repeats 3
10420 TESK2 testis-specific kinase 2 3
10903 MTMR11 myotubularin related protein 11 3
V-set and immunoglobulin domain
11326 VSIG4 containing 4 3
XK, Kell blood group complex subunit-
114786 XKR4 related family, member 4 3
116534 MRGPRE MAS-related GPR, member E 3
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122773 KLHDC1 kelch domain containing 1 3
1286 COL4AAL collagen, type IV, alpha 4 3
1491 CTH cystathionine gamma-lyase 3
151648 SGOL1 shugoshin-like 1 {S. pombe) 3
family with sequence similarity 91, member
157769 FAM91A1 Al 3
inositol 1,4,5-trisphosphate receptor
162073 ITPRIPL2 interacting protein-like 2 3
166378 SPATAS spermatogenesis associated 5 3
1730 DIAPH2 diaphanous-related formin 2 3
protein associated with topoisomerase Il
197135 PATL2 homolog 2 (yeast) 3
203523 ZNF449 zinc finger protein 449 3
2051 EPHB6 EPH receptor B6 3
22862 FNDC3A fibronectin type |l domain containing 3A 3
TBC1 domain family, member 9 {with GRAM
23158 TBC1D9 domain) 3
23264 ZC3H7B zinc finger CCCH-type containing 7B 3
3303 HSPA1A heat shock 70kDa protein 1A 3
4689 NCF4 neutrophil cytosolic factor 4, 40kDa 3
55331 ACER3 alkaline ceramidase 3 3
6929 TCF3 transcription factor 3 3
100131439 |CD300LD CD300 molecule-like family member d 2
100526740 |ATP5J2-PTCD1 ATP5J2-PTCD1 readthrough 2
10380 BPNT1 3'(2'}, 5'-bisphosphate nucleotidase 1 2
10687 PNMA2 paraneoplastic Ma antigen 2 2
107 ADCY1 adenylate cyclase 1 (brain) 2
113146 AHNAK?2 AHNAK nucleoprotein 2 2
glutamate receptor, ionotropic, N-methyl-D-
116443 GRIN3A aspartate 3A 2
1211 CLTA clathrin, light chain A 2
von Willebrand factor A domain containing
127731 VWASB1 5B1 2
clathrin heavy chain linker domain
130162 CLHC1 containing 1 2
nudix (nucleoside diphosphate linked
131870 NUDT16 moiety X)-type motif 16 2
140691 TRIM69 tripartite motif containing 69 2
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149175 MANEAL mannosidase, endo-alpha-like 2
158358 KIAA2026 KIAA2026 2
diazepam binding inhibitor (GABA receptor
1622 DBI modulator, acyl-CoA binding protein) 2
eukaryotic translation initiation factor 4E
1979 EIFAEBP2 binding protein 2 2
2033 EP300 E1A binding protein p300 2
solute carrier family 36 (proton/amino acid
206358 SLC36A1 symporter), member 1 2
spindle and kinetochore associated complex
221150 SKA3 subunit 3 2
23148 NACAD NAC alpha domain containing 2
golgi-associated, gamma adaptin ear
23163 GGA3 containing, ARF binding protein 3 2
23171 GPD1L glycerol-3-phosphate dehydrogenase 1-like 2
activity-regulated cytoskeleton-associated
23237 ARC protein 2
flavin containing monooxygenase 2 (non-
2327 FMO?2 functional) 2
23299 BICD2 bicaudal D homolog 2 (Drosophila) 2
Rho guanine nucleotide exchange factor
23365 ARHGEF12 (GEF) 12 2
23412 COMMD3 COMM domain containing 3 2
246176 GAS2L2 growth arrest-specific 2 like 2 2
25794 FSCN2 fascin actin-bundling protein 2, retinal 2
26024 PTCD1 pentatricopeptide repeat domain 1 2
interferon regulatory factor 2 binding
26145 IRF2BP1 protein 1 2
261734 NPHP4 nephronophthisis 4 2
283431 GAS2L3 growth arrest-specific 2 like 3 2
284996 RNF149 ring finger protein 149 2
286207 C9orf117 chromosome 9 open reading frame 117 2
glutamate receptor, ionotropic, N-methyl D-
aspartate-associated protein 1 (glutamate
2907 GRINA binding) 2
2949 GSTM5 glutathione S-transferase mu 5 2
29929 ALG6 ALGS6, alpha-1,3-glucosyltransferase 2
339804 C2orf74 chromosome 2 open reading frame 74 2
340543 TCEALS transcription elongation factor A (Sll)-like 5 2
non-s pecific cytotoxic cell receptor protein
342897 NCCRP1 1 homolog (zebrafish) 2
ankyrin repeat and death domain containing
348094 ANKDD1A 1A 2
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cytosolic thiouridylase subunit 2 homolog
348180 CTU2 (S. pombe) 2
3611 ILK integrin-linked kinase 2
387032 ZKSCAN4 zinc finger with KRAB and SCAN domains 4 2
387111 LINC00222 long intergenic non-protein coding RNA 222 2
vimentin-type intermediate filament
400673 VIMAC associated coiled-coil protein 2
minichromosome maintenance complex
4171 MCM2 component 2 2
4327 MMP19 matrix metallopeptidase 19 2
494470 RNF165 ring finger protein 165 2
5087 PBX1 pre-B-cell leukemia homeobox 1 2
51559 NT5DC3 5'-nuclectidase domain containing 3 2
54756 ILL7RD interleukin 17 receptor D 2
regulation of nuclear pre-mRNA domain
55197 RPRD1A containing 1A 2
55238 SLC38A7 solute carrier family 38, member 7 2
1-acylglycerol-3-phosphate O-
55326 AGPATS acyltransferase 5 2
55686 MREG melanoregulin 2
55759 WDR12 WD repeat domain 12 2
56898 BDH?2 3-hydroxybutyrate dehydrogenase, type 2 2
5891 MOK MOK protein kinase 2
64174 DPEP2 dipeptidase 2 2
645121 CCNI2 cyclin | family, member 2 2
692312 PPAN-P2RY11 PPAN-P2RY11 readthrough 2
solute carrier family 35 (UDP-galactose
7355 SLC35A2 transporter), member A2 2
7465 WEE1 WEE1 G2 checkpoint kinase 2
mitochondrial transcription termination
7978 MTERF1 factor 1 2
serine palmitoyltransferase, long chain
9517 SPTLC?2 base subunit 2 2
piezo-type mechanosensitive ion channel
9780 PIEZO1 component 1 2
100529240 [ZNF816-ZNF321P |ZNF816-ZNF321P readthrough 1
10385 BTN2A2 butyrophilin, subfamily 2, member A2 1
calcium homeostasis endoplasmic reticulum
10523 CHERP protein 1
10630 PDPN podoplanin 1
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WW domain containing E3 ubiquitin protein
11060 WWP2 ligase 2 1
nudix (nucleoside diphosphate linked
11162 NUDT6 moiety X)-type motif 6 1
C1q and tumor necrosis factor related
114904 C1QTNF6 protein 6 1
116541 MRPL54 mitochondrial ribosomal protein L54 1
1281 COL3A1 collagen, type lll, alpha 1 1
145173 B3GALTL beta 1,3-galactosyltransferase-like 1
146722 CD300LF CD300 molecule-like family member f 1
154796 AMOT angiomotin 1
163259 DENND2C DENN/MADD domain containing 2C 1
165055 CCDC138 coiled-coil domain containing 138 1
family with sequence similarity 171,
165215 FAM171B member B 1
2125 EVPL envoplakin 1
222487 GPR97 G protein-coupled receptor 97 1
2235 FECH ferrochelatase 1
TBC1 (tre-2/USP6, BUB2, cdc16) domain
23216 TBC1D1 family, member 1 1
23240 KIAAQ922 KIAA0922 1
solute carrier family 7 (anionic amino acid
transporter light chain, xc- system), member
23657 SLC7A11 11 1
23683 PRKD3 protein kinase D3 1
solute carrier family 39 (zinc transporter),
25800 SLC39A6 member 6 1
26278 SACS sacsin molecular chaperone 1
283284 IGSF22 immunoglobulin superfamily, member 22 1
transmembrane emp24 protein transport
283578 TMEDS8 domain containing 8 1
283848 CES4A carboxylesterase 4A 1
284759 SIRPB2 signal-regulatory protein beta 2 1
2891 GRIA2 glutamate receptor, ionotropic, AMPA 2 1
2931 GSK3A glycogen synthase kinase 3 alpha 1
29841 GRHL1 grainyhead-like 1 (Drosophila) 1
29964 PRICKLE4 prickle homolog 4 (Drosophila) 1
deoxynucleotidyltransferase, terminal,
30836 DNTTIP2 interacting protein 2 1
3094 HINT1 histidine triad nuclectide binding protein 1 1
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3310 HSPAG heat shock 70kDa protein 6 {HSP70B') 1
340481 ZDHHC21 zinc finger, DHHC-type containing 21 1
3431 SP110 SP110 nuclear body protein 1
3613 IMPA2 inositol(myo)-1(or 4)-monophosphatase 2 1
376267 RAB15 RAB15, member RAS oncogene family 1
3816 KLK1 kallikrein 1 1
389677 RBM12B RNA binding motif protein 12B 1
399669 ZNF321P zinc finger protein 321, pseudogene 1
400569 MED11 mediator complex subunit 11 1
4058 LTK leukocyte receptor tyrosine kinase 1
ankyrin repeat domain 20 family, member
440482 ANKRD20ASP A5, pseudogene 1
441108 C50rf56 chromosome 5 open reading frame 56 1
4668 NAGA N-acetylgalactosaminidase, alpha- 1
4735 SEPT2 septin 2 1
4853 NOTCH2 notch 2 1
purinergic receptor P2Y, G-protein coupled,
5032 P2RY11 11 1
family with sequence similarity 178,
51252 FAM178B member B 1
5127 CDK16 cyclin-dependent kinase 16 1
51291 GMIP GEM interacting protein 1
polymerase (RNA) Il (DNA directed)
5433 POLR2D polypeptide D 1
54662 TBC1D13 TBC1 domain family, member 13 1
54977 SLC25A38 solute carrier family 25, member 38 1
55001 TTC22 tetratricopeptide repeat domain 22 1
55030 FBXO34 F-box protein 34 1
tRNA methyltransferase 12 homolog (S.
55039 TRMT12 cerevisiae) 1
55314 TMEM144 transmembrane protein 144 1
55593 OTUDS OTU deubiquitinase 5 1
55723 ASF1B anti-silencing function 1B histone chaperoneg 1
55734 ZFP64 ZFP64 zinc finger protein 1
5670 PSG2 pregnancy specific beta-1-glycoprotein 2 1
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56832 IFNK interferon, kappa 1

56987 BBX bobby sox homolog (Drosophila) 1

57191 VN1R1 vomeronasal 1 receptor 1 1
REX1, RNA exonuclease 1 homolog (S.

57455 REXO1 cerevisiae) 1
transmembrane and coiled-coil domain

57458 TMCC3 family 3 1
microtubule associated monooxygenase,

57553 MICAL3 calponin and LIM domain containing 3 1

58526 MID1IP1 MID1 interacting protein 1 1

5887 RAD23B RAD23 homolog B (S. cerevisiae) 1

59067 IL21 interleukin 21 1
v-rel avian reticuloendotheliosis viral

5970 RELA oncogene homolog A 1

60490 PPCDC phos phopantothenoylcysteine decarboxylasé 1

6137 RPL13 ribosomal protein L13 1

6273 S100A2 $100 calcium binding protein A2 1

637 BID BH3 interacting domain death agonist 1

63916 ELMO?2 engulfment and cell motility 2 1

64397 ZNF106 zinc finger protein 106 1

64754 SMYD3 SET and MYND domain containing 3 1
poly (ADP-ribose) polymerase family,

64761 PARP12 member 12 1

684 BST2 bone marrow stromal cell antigen 2 1
transcription factor AP-2 gamma (activating

7022 TFAP2C enhancer binding protein 2 gamma) 1

7227 TRPS1 trichorhinophalangeal syndrome | 1
Dnal (Hsp40) homolog, subfamily C,

7266 DNAIC7 member 7 1

729288 ZNF286B zinc finger protein 2868 1

730005 SEC14L6 SEC14-like 6 (S. cerevisiae) 1

7328 UBE2H ubiquitin-conjugating enzyme E2H 1

7564 ZNF16 zinc finger protein 16 1
interferon-related developmental regulator

7866 IFRD2 2 1

79066 METTL16 methyltransferase like 16 1

79070 KDELC1 KDEL (Lys-Asp-Glu-Leu) containing 1 1

79661 NEIL1 nei endonuclease VllI-like 1 (E. coli) 1
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79665 DHX40 DEAH (Asp-Glu-Ala-His) box polypeptide 40 1
79800 CARF calcium responsive transcription factor 1
79937 CNTNAP3 contactin associated protein-like 3 1
80210 ARMC9 armadillo repeat containing 9 1
84216 TMEM117 transmembrane protein 117 1
84255 SLC37A3 solute carrier family 37, member 3 1
84989 JMID1C-AS1 JMID1C antisense RNA 1 1
8570 KHSRP KH-type splicing regulatory protein 1
UDP-Gal:betaGlcNAc beta 1,4-
8702 B4AGALT4 galactosyltransferase, polypeptide 4 1
receptor-interacting serine-threonine kinase
8767 RIPK2 2
8897 MTMR3 myotubularin related protein 3
TATA box binding protein (TBP)-associated
9013 TAF1C factor, RNA polymerase I, C, 110kDa
9033 PKD2L1 polycystic kidney disease 2-like 1
family with sequence similarity 50, member
9130 FAMSO0A A 1
91947 ARRDC4 arrestin domain containing 4 1
dehydrogenase/reductase (SDR family)
9249 DHRS3 member 3 1
93594 TBC1D31 TBC1 domain family, member 31 1
ectonucleoside triphosphate
954 ENTPD2 diphosphohydrolase 2 1
ArfGAP with coiled-coil, ankyrin repeat and
9744 ACAP1 PH domains 1 1
leucine-rich repeats and immunoglobulin-
9860 LRIG2 like domains 2 1
9936 CD302 CD302 molecule 1
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