








Figure 32. TBK1 knockdown in LoVo cells reduces cell viability in vitro.
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Figure 32. TBK1 knockdown in LoVo cells reduces cell viability in vitro. A)
Western blot analysis of TBK1 in LoVo cells transduced with a vector encoding a
TBK1 shRNA (D5) or a control luciferase shRNA (control shRNA). LoVo cells
transduced with control luciferase shRNA- or TBK1 D5 shRNA-encoding vectors
were seeded at B) 50 x 10° cells/well or C) 500 x 10° cells/well. Live (top B and C)
and dead (middle B and C) cells were counted at indicated days post-seeding using
trypan blue exclusion. Cell survival was determined as the percentage of dead cells
(bottom B and C) in total cells counted. D) Representative images of LoVo cells
transduced with a vector encoding a TBK1 shRNA (D5) or a control luciferase
shRNA (control shRNA) in culture at days 1 and 4 post-seeding. Data represents

one experiment.
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Figure 33. TBK1 knockdown in CRC cells inhibits AKT and mTORC1

activation.
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Figure 33. TBK1 knockdown in CRC cells inhibits AKT and mTORC1
activation. Western blot analysis of the indicated proteins in whole-cell lysates from
HT-29 and LoVo cells stably transduced with control luciferase shRNA- or TBK1
shRNA-encoding vectors as indicated. @ Data represents three independent

experiments.
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Figure 34. Pharmacological inhibition of TBK1 activates AKT and mTOR

pathways in CRC cells.
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Figure 34. Figure 25. Pharmacological inhibition of TBK1 activates AKT and
mTOR pathways in CRC cells. Western blot analysis of the indicated proteins in
whole-cell lysates from HT-29 and LoVo cells with MRT67307 (TBK1 inh) or dimethyl
sulfoxide (DMSQO) at indicated times (hours). Data represents two independent

experiments.
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CHAPTER 5: OVERVIEW, DISCUSSION AND FUTURE DIRECTIONS
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Chapter 5: Overview, Discussion and Future Directions

The primary objective of this work was to determine the role of TBK1 in the
tumorigenic process in vivo. We present the first in vivo model to demonstrate
TBK1’s function during intestinal adenoma development and suggest a mechanism
of TBK1 action. Moreover, this project presents the use of a novel approach in
determining TBK1’s role in early cancer development in vivo in addition to the
xenograft model currently described in the literature for other cancer types. The
following sections will summarize and discuss the major findings of this dissertation.
1. TBK1 is a novel inhibitor of intestinal adenoma growth

In Chapter 3, we generated and characterized an innovative mouse model in
which TBK1 is conditionally deleted in IECs, leading to the discovery that TBK1 has
a tumor-suppressive function in the intestine. In particular, IEC-specific Tbk1 ablation
promotes adenoma development in mice carrying a heterozygous mutation in the
tumor suppressor Apc gene, an alteration commonly found in the earlier stages of
CRC development’™®.’”® The effect of TBK1 deficiency on adenoma formation is
diminished in the absence of lymphocytes demonstrated herein by IEC-specific Tbk1
deletion in Apc™™* mice having no effect on the formation of intestinal polyps under
lymphocyte-free conditions. Those results suggest that IEC-specific TBK1 regulates
an aspect of adaptive immune homeostasis.

Moreover, intestinal T lymphocytes, specifically Tregs, are required for
immune homeostatic maintenance of the gut, suppressing inflammatory responses

to commensal organisms in an IL-10-dependent manner. ®* 32 While IEC-specific
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TBK1 does not seem to regulate IL-10 expression in intestinal Tregs in Apc™™* mice,
it is required for IL-10 expression by IELs, another major producer of intestinal IL-
10%% 32, during the early stages of the tumorigenic process. Indeed, intestinal IELs
suppression of intestinal inflammation is IL-10-mediated.*® Thus, we identified a new
role for TBK1 as an important facilitator of crosstalk between IECs and intestinal
|ELs that controls the expression of //70 under an Apc™"* background. It is important
to confirm impaired IL-10 protein levels in intestinal IELs upon IEC-specific Tbk1
deletion in Apc™™* mice to corroborate our findings. In later experiments, we will
perform IL-10-specific intracellular staining and use flow cytometry to determine IL-
10 protein expression in IELs at the single-cell level and we expect impaired IL-10
production by IELs after IEC-specific Tbk1 ablation.

Given that impaired IL-10 production in the intestine is linked to enhanced
inflammatory disease and intestinal tumorigenesis® %" it is likely that the
diminished //10 expression by the I|ELs contributes to the elevated adenoma
formation in the Apc™™*Tbk1'=“*° mice. To confirm this, we are generating
Apc™™*Tbk1'¥°*° mice on an IL-10-deficient background. We expect the difference
between Apc™™* and Apc™™* Tbk1'5°*C mice to be abolished after //10 deletion.

The next question to be addressed is how TBK1 functions within IECs to
affect /10 expression by IELs. We hypothesize that TBK1 may regulate the
expression of either surface protein(s) or secretory factor(s) by IECs that in turn
induces IL-10 production by IELs. Considering that the role of TBK1 is well

established in regulating type | interferon induction and that IL-10 is an interferon-
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responsive geng®'1# 118

, it is possible that TBK1 regulates the expression of type |
interferons by IECs thereby regulating IL-10 expression by IELs. While the
expression levels of IFN-a and -B were comparable in the intestines of Apc™* and
Apc™™* Tbk 1S mice, it is possible that potential differences in their expression
could be masked by lack of commensal stimulation of IECs during intestinal
preparation prior to analysis. To overcome this technical obstacle, we will stimulate
IECs with PRR agonists after intestinal preparation prior to analysis of type |
interferon expression. We expect defective type | interferon expression upon PRR
stimulation in IECs deficient in TBK1.

If TBK1 is dispensable for IFN expression by IECs, an alternative hypothesis
may be that TBK1 regulates the expression of transmembrane protein semaphorin
(Sema) 7A, thus regulating IL-10 expression by IELs. Semaphorins are classically
described as regulators of neuronal cell signaling but have recently been found to

114

function in various organs and cell types, including immune cells Specifically,

Sema7A is expressed in brain, lung, intestines, thymus, lymphocytes, and

macrophages''” to name a few. It is also expressed on thymocytes preferentially

46,57,116

during selection and during activation in the periphery . Sema7a deficiency in

T cells leads to a reduction in inflammatory responses, whereas its overexpression

can stimulate macrophages and monocytes via interaction with a4 integrin to

118,119

secrete proinflammatory cytokines A recent study examined Sema7a in the

intestine and found that its expression on IECs induces IL-10 production by intestinal

120

macrophages to negatively regulate chemically-induced colitis We will examine
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the expression level of Sema7a in IECs of Apc™™* and Apc™™* Tbk1'E°*C mice. In
addition, we will employ a more systematic approach to compare gene expression
profiles between the IECs of Apc™* and Apc™™*Tbk1E°*° mice by RNA
sequencing. Together, these future studies will likely provide more insight into the
mechanism underlying the IEC-specific function of TBK1 in regulating adenoma
formation.
2. TBK1 is dispensable for growth and survival of KRAS-independent human CRC
cells

In Chapter 4, we employed a TBK71 knockdown system using KRAS-
dependent and KRAS-independent human CRC cell lines, leading to the conclusion
that, under T lymphocyte-free conditions, TBK1 is dispensable for the growth and
survival of xenograph tumors derived from KRAS-independent human CRC cell
lines. However, consistent with earlier findings, TBK1 regulates the survival of a
KRAS-dependent CRC cell lines in vitro. Given the immunocompromised status of
the CRC cell recipient mice, it would be interesting to determine whether the tumor-
regulating function of TBK1 in KRAS-independent human CRC cells is masked by
the absence of T lymphocytes similar to what we observed in our study using
Tbk 15O mice in Apc™™* background. Furthermore, our attempt to elucidate the
molecular mechanism underlying this function of TBK1 was met with inconsistent
results further highlighting the need for multiple approaches to gain more insight.

As mentioned in Chapter 2, the use of animal models has revealed important

cellular and molecular players involved in CRC development and progression. One
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challenge in determining the in vivo function of TBK1 has been the embryonic
lethality of conventional Tbk1 KO mice®®. In this project, we overcame this obstacle
by generating Tbk1 IEC-conditional KO mice, which provided genetic evidence that
TBK1 suppresses intestinal adenoma development by regulating the intestinal
adaptive immune system. It would be interesting to determine if the cell survival
function of TBK1 would persist in the presence of T lymphocytes since these studies
used immunocompromised hosts lacking T lymphocytes. Ironically, we show in
Chapter 4 that TBK1 deficiency in KRAS-independent human CRC cells had no
effect on xenograph tumor growth in immunocompromised hosts, a finding that
parallels our results in Chapter 3 where the IEC specific-TBK1 deficiency has little
effect on intestinal polyp formation in Apc™™* mice lacking lymphocytes. Further
studies are needed to determine if TBK1 regulates a part of the adaptive immune
homeostasis that is masked by the absence of T cells in xenograph tumor models.
Furthermore, we have shown here that TBK1 inhibits intestinal adenoma
development at early stages under an Apc™* background. Because the survival
function of TBK1 has been mainly attributed to the human cancer cells dependent
upon KRAS, the question remains if TBK1 exerts similar or distinct functions in
different oncogenic pathways under lymphocyte-competent conditions. The findings
of this project begin to address this question, which could have significant clinical
implications and impact the direction of the field. There is a strong and very
significant positive correlation between TBK1 expression and the expression of APC

in the patient samples of colorectal adenocarcinomas, a finding that is consistent
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with the results using our Apc™™* mice with |IEC-specific Tbk1 ablation presented
herein. A similar trend — a strong and very significant positive correlation — was also
observed between expression of TBK71 and KRAS in patient samples. One could
hypothesize that TBK1 negatively regulates tumor progression in KRAS mutant
colon cancer given the strong relationship between expression of the two genes. In
support of this hypothesis, levels of TBK1 expression correlate positively between
early and late stages of disease. Thus one could speculate that TBK1 functions
similar in the late stages of colorectal cancer which have acquired KRAS and
PIK3CA genetic mutations as it does during early stages of disease where LOH of
APC commonly occurs. Additional analyses testing this idea using KRAS and
PIK3CA in vivo models as presented in this dissertation using Apc™™* mice would
provide a better understanding of the molecular mechanisms mediating

advancement of the disease.
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Chapter 6 Materials and Methods
Mice. Age-matched Tbk7 intestinal epithelial cell-conditional KO (Tbk1'¥°*®) and
wildtype mice were generated by crossing Tbk1 floxed mice *®(Taconic) with villin-
Cre mice (Jackson Laboratory). IEC-conditional Tbk1 mice were further crossed with
Apc™™* mice (Jackson Laboratory) to generate Apc™™*or Apc™™* Tbk1'5°™° mice. In
some experiments, the Apc™™*Tbk15°™ ° mice were further crossed with Rag1-/-
(Rag? KO) (Jackson Laboratory) mice to generate Apc™* Rag? KO or
Apc™™*Tbk1¥°*®  Rag1 KO mice. The Tbk1 floxed mice had a 129Sv/Ev
background, villlin Cre transgenic mice had a mixed background, the Apc™* and
Rag1 KO mice were of C57BL/6 background. The mice were maintained at The
University of Texas M.D. Anderson Cancer Center facility under specific pathogen-
free conditions. Animal experiments were performed in accordance with protocols

approved by the Institutional Animal Care and Use Committee.

Antibodies and reagents. Antibodies for recognizing TBK1, phospho-AKT ser473
(D9E), AKT1 (B-1), phospho-S6 Ser235/236 (D57.2.2E), and S6 (54D2) were from

Cell Signaling. B actin (C-4), HSP 60 and HSP 70 were from Sigma Aldrich. The

MRT673037 TBK1 inhibitor was from Chemexpress.

Cell lines. The human colon cancer cell lines HT-29 and LoVo and the human
embryonic kidney (HEK) 293 cells were cultured in DMEM (Dulbecco’s modified

Eagle’s medium) supplemented with 10% FBS and 1% streptomycin/penicillin.
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Gene silencing. To produce the lentiviral particles, the pLKO.1 vectors encoding
control luciferase or encoding specific TBK1 shRNA (either TBK1 shRNA D5 or D9)
were transfected into HEK293 cells (using the calcium method) along with the
packaging vectors psPAX2 and pMD2 provided by X. Qin. Human colon cancer cell
lines were then infected with packaged viruses carrying either luciferase, TBK1
shRBRNA D5 or TBK1 shRNA D9. After 48 hours, infected cells were treated with

puromycin (1 ug/mL) for seven days to select for vector positive cells.

IEC isolation. Intestines were harvested, cut longitudinally and wash with PBS to
remove fecal contents. Intestines were incubated in HBSS (Hank's Buffered Salt
Solution) containing 10 mM EDTA at 37°C for five minutes in water bath.
Supernatants were discarded and intestines incubated with PBS containing 1 mM
EDTA and 1 mM DTT for 15 minutes in 37°C water bath. Suspension was shook

vigorously and supernatants were collected and washed twice with ice-cold PBS.

IEL and LP cell isolation. Mice were sacrificed and intestine resected. Feces were
removed by flushing with cold HBSS. The intestines were longitudinally opened, cut
into ~0.5cm pieces and incubated in Solution | (5% FBS, 2 mM EDTA, 1mM DTT, 10
mM HEPES in HBSS) at 37°C for twenty minutes. Pieces were vortexed briefly and
pass intestine through a (100 micron) filter. Supernatant were collected as IELs and

IECs. New Solution | was added to the intestinal pieces and subsequent steps
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repeated to collect more IELs. Intestinal pieces were then rinsed with HBSS with
10mM HEPES and supernatant combined with IEL and IEC collected. Percoll
density gradient or CD45 bead separation was used to enrich for IELs. Intestinal
pieces were incubated in Solution Il (5% FBS, 1 mg/mL Collagenase D, 0.1 mg/mL
Dnase | in RPMI 1640) at 37°C for 30 minutes. Suspension was vortexed briefly and
filtered to collect the lamina propria cells. New solution Il was added to the intestinal
pieces and subsequent steps repeated. Flow-through was combined and
suspension was centrifuged at 300g for ten minutes. Supernatant was discarded

and LP cells were stained with antibody or used in indicated experiments.

Bromodeoxyuridine (BrdU) assay. BrdU incorporation assay was performed
according to manufacturer’s (Life Technologies) instructions. Six to eight week old
mice were injected with BrdU (Sigma-Aldrich) intraperitoneally at 50 ug per gram of
mouse body weight. Five hours after injection, mice were sacrificed and intestines
were resected and fixed in 10% Buffered Formalin Phosphate (Fisher Scientific)
overnight. Intestines were cleaned of feces, swiss-rolled, and paraffin-embedded.
Five micron BrdU-labeled tissue sections were deparafinized using xylene, hydrated
in series of graded ethanol as preparation for BrdU immunohistochemical staining.
Per the manufacturer’s kit, tissue sections were peroxidase quenched, trypsinized,
denatured, blocked and incubated with biotinylated anti-BrdU antibodies. After
washing with PBS, tissue was incubated with streptavidin-peroxidase, rinsed,

developed, and counterstained. After tissue dehydration, tissue was mounted using
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Permount (Fisher Scientific). Tissues were analyzed using brightfield filters of
Olympus BX41 microscope with Olympus DP70 camera. BrdU positive cells were
counted using count tool of Adobe Photoshop CS4 software and counting the
number of positively labeled cells and hematoxylin stained nuclei of either crypt,
villus, or microadenoma within the image from which percentage positive was

determined per crypt, per villus, or per microadenoma.

TUNEL assay. For TUNEL staining, the DeadEnd Fluorometric TUNEL System
(Promega) was employed. Per the manufacturer’s instructions, formalin fixed five
micron paraffin-embedded tissue sections were deparafinized and dehydrated using
xylene and graded ethanol washes. Sections were immersed in 0.85% NaCl
followed by PBS washing and 10% buffered formalin fixation. After PBS washing,
sections were digested using Proteinase K solution at 20 ug/mL for 20 minutes at
room temperature. Sections were PBS washed and refixed in 10% buffered formalin
and rewashed in PBS. Sections were biotin blocked using Avidin/Biotin Blocking Kit
from Vector Laboratories, Inc. After washing in PBS, sections were equilibrated
using manufacturer-provided equilibration buffer in the TUNEL System Kkit.
Fragmented DNA within cells were fluorescein-labeled for one hour at 37°C by using
rTdT reaction mix provided by the TUNEL System kit. The reaction was terminated
and washed in PBS. Prolong gold anti-fade reagent plus DAPI (Life Technologies)
was used for tissue mount. Tissues were analyzed using fluorescent filters on

Olympus BX41 microscope with an Olympus DP70 camera. TUNEL positive cells

149



were blindly counted using count tool of Adobe Photoshop CS4 software and
counting the number of positively labeled cells and DAPI stained nuclei of the villus
within the image from which percentage positive was determined per villus. For the
microadenomas, TUNEL positive cells were counted using count tool of Adobe
Photoshop CS4 software while DAPI stained nuclei were counted using Cell Profiler
version 3 cell image analysis software (http://www.cellprofiler.org). The analysis
pipeline included identifying region of microadenoma and cropping within individual
image, saving cropped images for subsequent identification and automated
enumeration of DAPI stained nuclei as determined by automated image

thresholding.

Xenograft injection. Transduced HT29 cells with TBK7 shRNA (TBK1 KD) (2 x 10°
cells) or control luciferase shRNA (2 x 10° cells) that were injected into
immunodeficient nu/nu mice (n=5 each group; two injected tumors per mouse)
subcutaneously. Tumor size was measured twice per week and tumor volume was
calculated using the defined formula (tumor volume = (length x width?) x 0.52).

Weight of the mice was measured twice per week post injection.

Ki67 immunohistochemical staining. Mice were sacrificed and intestines were
resected and fixed in 10% Buffered Formalin Phosphate (Fisher Scientific) overnight.
Intestines were cleaned of feces, swiss-rolled, and paraffin-embedded. Tissue

sections were deparafinized using xylene, hydrated in series of graded ethanol as
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preparation for immunohistochemical staining. Antigen was retrieved by boiling
tissue section in Citrate Buffer pH 6 (Sigma-Aldrich) for 20 minutes. Tissue was
allowed to cool to room temperature, was blocked using 3% BSA in PBS, and
incubated overnight with Ki67 (D3B5) antibody (Cell Signaling). After one hour
incubation with secondary antibody, tissue was developed using DAB substrate kit
(Abcam). Tissues were blindly using bright field filters of Olympus BX41 microscope
with Olympus DP70 camera and counted blindly using Adobe Photoshop CS6 count

tool.

Western blot. Whole-cell extracts of the cells were harvested using cell extraction
buffer containing 50 mM Tris, pH 7.4, 150 mM NaCl, 1 mM EDTA, 1% NP-40, 0.5%
deoxycholate, 1 mM phenylmethylsulfonyl fluoride, 50 mM p-nitrophenyl phosphate
and 0.3 pM Aprotinin. Samples were extracted for ten minutes on ice and
centrifuged at 13,000 RPM for one minute at 4°C. Lysates were analyzed for protein
quantity using Bradford assay. Proteins were separated using SDS-PAGE and
proteins were transferred to nitrocellulose membrane. Membranes were blocked
using 5% non-fat dry milk at room temperature for one hour. Membranes were
incubated with primary antibody indicated overnight at 4°C. Detection was performed

using enhanced chemiluminescence reagents and exposed to light film.

Flow cytometry. Single-cell suspensions of IELs and lamina propria immune cells

were subjected to flow cytometry using LSR Il (BD Bioscience) flow cytometer.
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FlowJo software was used to analyze the data. The fluorescence-labeled antibodies
that were used included TCR yd FITC-conjugated (BD bioscience), (eBioscience);
CD11c Pacific Blue-conjugated (BD Bioscience); CD45 PE-conjugated (BD
Bioscience); CD11b APC-Cy7-conjugated (BD Bioscience); and TCRB APC-

conjugated (eBioscience).

Real-time quantitative RT-PCR (qPCR). For RNA extraction of tissues, intestines
were resected cleaned of feces using ice cold PBS. Tissues were flash frozen in
liquid nitrogen and ground using a pestle and mortar. Total RNA was isolated using
TRIzol reagent (Invitrogen) and subjected to cDNA synthesis using RNase H-reverse
transcriptase (Invitrogen) and oligo (dT) primers. For cells, TRIzol reagent was
added directly. Real-time quantitative PCR was performed in triplicates, using
iCycler Sequence Detection System (Bio-Rad) and iQTM SYBR Green Supermix
(Bio-Rad). The expression of individual genes was calculated by a standard curve
method and normalized to the expression of beta-actin. The gene-specific primer

sets used (all for mouse genes) were as follows in the table below.

Gene Primer Primer sequence

mlil10 forward CCAGAGCCACATGCTCCTAGA
reverse GGTCCTTTGTTTGAAAGAAAGTCTTC

mTnfa forward CATCTTCTCAAAATTCGAGTGACAA
reverse CCAGCTGCTCCTCCACTTG

mll6 forward CACAGAGGATACCACTCCCAACA
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reverse TCCACGATTTCCCAGAGAACA
mll17a forward AGCGATGGTGGATGGCTCATGGTTAG
reverse AGCTTTCCCTCCGCATTGACACAG
mCxcl9 forward TAGGCAGGTTTGATCTCCGT
reverse CGATCCACTACAAATCCCTCA
mCxcl10 forward CCTATGGCCCTCATTCTCAC
reverse CTCATCCTGCTGGGTCTGAG
mCxcli1 forward CGCCCCTGTTTGAACATAAG
reverse CTGCTGAGATGAACAGGAAGG
mCcl2 forward GGGATCATCTTGCTGGTGAA
reverse AGGTCCCTGTCATGCTTCTG
mlifnb forward AGCTCCAAGAAAGGACGAACAT
reverse GCCCTGTAGGTGAGGTTGATCT
mlifna forward AGTCCATCAGCAGCTCAATGAC
reverse AAGTATTTCCTCACAGCCAGCAG
mlifng forward CAGCAACAGCAAGGCGAAA
reverse CTGGACCTGTGGGTTGTTGAC
mlil17f forward CCCATGGGATTACAACATCACTC
reverse CACTGGGCCTCAGCGATC
mLgr5 forward TCCAACCTCAGCGTCTTC
reverse TGGGAATGTGTGTCAAAG
mAxin2 forward TCCATACAGGAGGATGCTGAAG
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reverse TTCGTCACTCGCCTTCTTGA
mMuc2 forward ATGCCCACCTCCTCAAAGAC
reverse GTAGTTTCCGTTGGAACAGTGAA
mBclX, forward TCTGAATGACCACCTAGAGC
reverse GGTCAGTGTCTG GTCACTTC
mll22 forward TCCGAGGAGTCAGTGCTAAA
reverse AGAACGTCTTCCAGGGTGAA
mil1B forward AAGCCTCGTGCTGTCGGACC
reverse TGAGGCCCAAGGCCACAGGT

Mouse Reg3b qPCR primers set (Primer Pair ID M_Reg3b_1- gene ID 18489) was

purchased from Sigma-Aldrich.

AOM and DSS experiments. For the chemical-induced colitis model, mice were
treated with dextran sodium sulfate (DDS)'?' (MP Biomedical LLC) as indicated for
either five or seven days with two-day water recovery period’®. Mice were weighed
once per day during this treatment period and sacrificed at day two after water
recovery. The small intestine and colons were resected, formalin-fixed, sectioned, H
& E stained, and histologically scored based on the criteria in Table 1.
carcinogen-induced, chronic inflammation-induced colon cancer model, mice were
treated with a single dose of azoxymethane (AOM) (Sigma-Aldrich) and three cycles

of 2.5% DSS for five days and water for 14 days®. Mice were weighed once per
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week throughout treatment. After sacrificing the mice, the colons were resected,
measured in length, and formalin-fixed overnight. Intestines were cleaned of feces

and polyps were counted using Olympus SZX10 stereomicroscope.

Adenoma and microadenoma analysis. For intestinal adenoma analyses, mice
were sacrificed and intestines were resected and formalin-fixed overnight. Intestinal
feces were cleaned out and tissues were cut longitudinally. Using Olympus SZX10
stereomicroscope, Olympus DP70 camera, and Olympus CellSens Standard
software, adenomas were counted and measured for length after staining with 0.2 %
methylene blue and decolorizing with ethanol. For microadenoma analyses, mice
were sacrificed and intestines were resected and formalin-fixed overnight. Intestinal
feces were cleaned out and tissues were cut longitudinally and swiss-rolled.
Intestines were cleaned of feces, cut longitudinally, swiss-rolled, and paraffin-
embedded. H&E stained section at 100 micron intervals through 500 microns of the
intestinal tissue was scored for microadenomas defined as histological dysplastic

lesions characterized by focal areas of abnormally large gland(s)'’.

Statistical analysis. GraphPrism 6 (GraphPad, La Jolla, CA, USA) was used where
indicated for two-tailed unpaired t-tests. p-values <0.05 and <0.01 correspond with
(*) and (**) respectively. For TCGA dataset analyses, RNA expression were
analyzed using the RNASeqV2 data from validated and/or provisional genomic and
transcriptomic profiles of colorectal adenocarcinoma tumor samples and were

accessed on December 12, 2015 at www.cbioportal.org™. Copy-number and overall
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survival data were accessed similarly. GraphPrism 6 was used for statistical
analyses and graphing. The Pearson correlation test was used to examine
correlation between mRNA expressions and logz copy-number of a gene in the
TCGA datasets where correlations indicated. The survival data were visualized as
correlation between mRNA expression or logs copy-number of a gene and overall
survival and analyzed using the Pearson correlation test. One-way ANOVA with
Tukey’s multiple comparisons test was used to analyze mean differences in mRNA
expression levels between groups of putative copy-number alternations with the
exception of the putative amplification group (n=1) and visualized as mean + 95%
confidence intervals with alpha of 0.05. The threshold for statistical significance in all
test was p<0.05 with two-sided analysis. p-values of <0.05, <0.01, <0.001, <0.0001

correspond with (*), (**), (***), and (***) annotations respectively.
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