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Abstract
Purpose—Lynch syndrome (LS) is a common inherited predisposition to colorectal cancer
(CRC). In LS patients, CRC is predominantly located in the right colon, as opposed to sporadic
CRC, which usually affects the left colon or rectum. Previous studies have demonstrated a clear
distinction in gene expression between sporadic CRC and normal colon at different locations in
the colorectum. However, little is known about LS gene expression profiles in different areas of
the colorectum. Here, we compared the protein expression profiles for normal colorectal samples
among different locations as well as between adenomas and matched normal tissue in LS.

Methods—Protein from 33 tissue samples (27 normal tissues and 6 adenomas) from 9 patients
with LS was extracted for reverse-phase protein array (RPPA) analysis. The antibody panel used
for RPPA included 109 key proteins involved in various cancer-related pathways. Cluster 3.0 was
used for unsupervised and supervised clustering analysis.

Results—IGF1R and COL6A1 were expressed significantly differently between the normal right
and normal left colon (q<0.05); FN1, COL6A1, and IGF1R were expressed significantly
differently between the normal right colon and normal rectum (q<0.05). In the adenomas and
matched normal tissue, PEA-15 was the only protein with significantly different expression
(q<0.05).

Conclusion—We found differences in protein expression between normal tissues from the right
colon, left colon, and rectum as well as between adenomas and matched normal tissue. However,
those differences should be further confirmed in a larger sample size.
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Introduction
Lynch syndrome (LS), also known as hereditary non-polyposis colorectal cancer (HNPCC),
is an autosomal dominant disorder caused by germline mutations in mismatch repair (MMR)
genes (Lynch et al. 1991), which include MLH1, MSH2, MSH6, and PMS2 (Lynch et al.
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1991; Marra and Boland 1995). In addition, a deletion in the 3’ region of EPCAM/
TACSTD1 (not an MMR gene), which is located immediately upstream of MSH2, causes a
transcriptional read-through into MSH2, which silences the gene (Ligtenberg et al. 2009;
Niessen et al. 2009). Patients with LS are at high lifetime risk for a variety of different
cancers, with colorectal cancer (CRC) and endometrial cancer being the most common
(Aarnio et al. 1995; Mecklin and Jarvinen 1991). There is considerable variation in the
reported median age of onset of CRC in LS (44–52 years) (Hampel et al. 2008; Vasen
2005); in contrast, sporadic CRC has a median age of onset of 69 years (Howlader 2012). In
contrast to familial adenomatous polyposis (FAP), another hereditary colorectal cancer
predisposition syndrome where patients develop thousands of colonic polyps or adenomas,
patients with LS do not develop a large number of adenomas. However, in LS, adenomas
undergo accelerated malignant transformation compared with sporadic CRC development
(Rijcken et al. 2002).

CRC is typically categorized into rectal, left colon and right colon cancers. In LS patients,
CRC is predominantly located in the ascending and transverse colon (right side). In contrast,
the sporadic or non-syndromic form of CRC, which usually affects the descending colon
(left side) or rectum but can affect any part of the colorectum. Almost 25% of right-sided
colon tumors exhibit high microsatellite instability (MSI) which results from an
accumulation of insertion/deletion lesions in regions of DNA repeat sequences called
microsatellites, compared to only 2% of left-sided tumors (Iacopetta 2002). CRCs in LS
patients typically exhibit high MSI, as a consequence of deficient mismatch repair (Boland
et al. 1998). This suggests that there may be inherent differences between the right and left
colon that predispose the right colon to initiation of adenoma or CRC through a DNA
mismatch repair–dependent pathway. The inherent differences between the left and right
colon include different embryological origin; the right colon derives from the embryonic
midgut and the left colon and rectum from the hindgut. The 2 sides of the colon also have
different blood supplies; the superior mesenteric artery supplies the right colon and the
inferior mesenteric artery supplies the left colon (Iacopetta 2002). Recently, Ramírez-
Ramírez et al reported a higher frequency of aberrant crypt foci (ACF) in right segment of
the colon of LS patient in contrast to a higher frequency of ACF in the left segment of the
colon of sporadic CRC (Ramirez-Ramirez et al. 2012). There may, therefore, be different
pathways of transformation associated with right- and left-sided colorectal carcinogenesis
that are dependent on inherent biological characteristics of the right versus left colon or
acquired through a differential response to the influence of pro-carcinogenic risk factors. It
has been proposed that right-sided and left-sided CRC represent distinct disease entities
(Carethers 2011; Gervaz et al. 2004; Jensen 1984). Several researchers (Bara et al. 1984;
Glebov et al. 2003; Komuro et al. 2005) have demonstrated a clear distinction in the gene
expression profiles of sporadic CRC arising from different locations in the colorectum and
between normal colon tissue and adenomas; however, little has been done to characterize the
gene expression patterns of LS in different parts of the colorectum.

Understanding the pattern of gene expression in normal and premalignant tissue is vital to
understanding the gene expression changes in diseased tissue. To examine whether there are
differences in gene expression between different colonic and rectal locations in LS, we used
reverse-phase protein array (RPPA) analysis to examine the gene expression profiles at the
protein level for important molecules involved in cell death and survival, cellular growth
and proliferation, cellular development, cell cycle regulation, and cellular movement
signaling. We compared the expression profiles between the left- and right-sided normal
colon, left- or right-sided normal colon and rectum, and adenoma and matched normal colon
samples. These comparisons will provide insights for a better understanding of protein
expression variation in both normal and premalignant tissues. The differences identified may
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be useful as prognostic biomarkers for early detection and/or novel targets for the prevention
of LS-associated CRC.

Materials and Methods
Patients and samples

Adenomas and normal-appearing tissues from the left colon, right colon, and rectum were
collected during endoscopies performed at The University of Texas MD Anderson Cancer
Center in patients with LS prior to any treatment. These patients had consented to participate
in an ongoing Institutional Review Board (IRB)-approved study, “Molecular Genetics of
HNPCC,” and were recruited between September 1994 and June 2011 at MD Anderson
Cancer Center. The current study was approved by and conducted in accordance with the
policies of the IRB at MD Anderson Cancer Center. Thirty-three tissue samples, including
27 normal- tissues and 6 adenomas, from 9 Caucasian patients with LS were obtained for
analysis.

Protein extraction
Protein was extracted as follows. For each patient, a biopsy of normal-appearing tissue was
taken from each of the following locations: right-sided colon, left-sided colon, and rectum.
In addition, adenomas were removed from 6 of the 9 patients, as described in Table 1. The
tissues were cut into small pieces on dry ice and then homogenized with ice-cold RIPA
buffer (Cell Signaling #9806, Boston, MA) containing freshly added protease/phosphatase
inhibitors (Cell Signaling #5872). Homogenization was set on ice to prevent heating. The
lysate was centrifuged for 10 minutes at 14,000 x g in a cold microfuge, and the supernatant
was collected for reverse-phase protein array (RPPA) analysis. Protein concentrations were
determined using bicinchoninic acid (BCA) protein assay reagents (Pierce, Rockford, IL).

Reverse-phase protein array analysis
RPPA was performed as previously described (Iadevaia et al. 2010). The antibody panel
used for RPPA includes the proteins involved in cell death and survival, cellular growth and
proliferation, cellular development, cell cycle regulation, and cellular movement. Briefly, a
series of two fold-diluted lysates was spotted onto nitrocellulose-coated slides (Grace
Biolab, Bend, OR) using an Aushon 2470 Arrayer (Aushon Biosystems, Billerica, MA).
Each slide was probed with a primary antibody and then a biotin-conjugated secondary
antibody. The antibody-binding signal was amplified using a Dako Cytomation–catalyzed
system (Dako, Carpinteria, CA) and visualized by DAB colorimetric reaction. The slides
were scanned, analyzed, and quantified using the customized software Microvigene
(VigeneTech, Inc., Carlisle, MA) to generate spot intensity. Each dilution curve was fitted
with a logistic model (“Supercurve Fitting,” developed by the Department of Bioinformatics
and Computational Biology at MD Anderson Cancer Center, “http://
bioinformatics.mdanderson.org/OOMPA”). All the data were normalized for protein loading
and transformed to linear values.

Antibodies
A panel of 133 antibodies, which correspond to 109 key proteins involved in the various
pathways and networks, is included in RPPA. These antibodies were used to detect the
expression level for total protein and/or its activated form, such as phosphorylated or
cleaved protein. (Appendix will be provided upon request)
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Statistical analysis
Unsupervised and supervised clustering analysis was done using Cluster 3.0 to classify the
samples into statistically similar groups, and the resulting heatmaps were visualized in
TreeView 1.6 (www.eisenlab.org/eisen). Proteins were classified according to their relevant
signaling pathways using Ingenuity Pathway Analysis (Ingenuity Systems, Redwood, CA).
The differences in protein expression among matched different locations were analyzed
using one-way repeated measures analysis of variance or the paired t-test when appropriate.
The differences in expression between paired normal mucosa and adenomas were analyzed
using the paired t-test. To account for multiple comparisons in our studies, we calculated
and reported false discovery rate (FDR)–adjusted P-values by using the Benjamini-
Hochberg method to determine whether the observed P-values were still significant after
taking into account multiple comparisons. An FDR cut-off of 0.05 was applied (q<0.05).
Analyses were performed using STATA software (version 10, StataCorp LP, College
Station, TX).

Results
Protein expression at different locations in the normal colon

To explore variations in protein expression along the normal colon in LS patients, we used
protein expression data collected using RPPA. First, clustering analysis showed distinct
variations in expression along the normal colon. As shown in Figure 1A, 31 proteins were
expressed at significantly different levels among the person-matched right colon, left colon,
and rectum samples (p<0.05). After the multiple-testing correction, 7 proteins remained
significant at the FDR cut-off of 5%: COL6A1, IGF1R, EEF2K, RPS6, KIT, EIF4EBP1,
and RPS6KB1 (Figure 2). Interestingly, the protein expression levels in the right colon were
consistently lower than those in the left colon and rectum for these 7 protein markers. Next,
we compared the 3 different regions of the colon and rectum in a pairwise fashion
(summarized in Table 2). Seventeen proteins showed significant differences between the
right and left colon at the p<0.05 level, and 2 proteins remained significant after multiple-
test correction. Likewise, 20 proteins showed significant differences between the right colon
and rectum at the p<0.05 level, and 3 of these proteins remained significant after multiple-
test correction at the FDR cut-off of 5%. Seventeen proteins showed significant differences
between the left colon and rectum at the p<0.05 level, but none of these remained significant
after multiple-test correction.

Protein expression between normal colon and adenomas
We also compared protein expression between person-matched, location-matched normal
colon samples and adenomas. Clustering analysis showed variation between protein
expression in the normal colon and adenomas (Figure 1B). Seventeen markers were
significantly differentially expressed between the person-matched normal colon and
adenomas at the same location (p <0.05) (Table 2). One marker, the protein PEA15,
remained significant at the FDR cut-off of 5% (Figure 1B).

Pathway analysis
We further used Ingenuity Pathway Analysis to explore whether a particular pathway was
significantly associated with protein expression in different colon locations and adenomas.

We selected 31 proteins with p value <0.05 in the test comparing expression levels in
normal- tissues at different locations to perform pathway analysis. The top canonical
pathways to which these proteins belong are the p53 signaling (p =1.19E-08), ovarian cancer
signaling (p =9.76E-08), and ERK/MAPK signaling (p =6.69E-07) pathways. We found that
6 significant proteins, CTNNB1, CHEK2, RB1, SNAI2, CHEK1, and PTEN, were part of
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the p53 signaling pathway; 5 significant proteins, CTNNB1, SRC, RAD51, RB1, and PTEN,
fell into the ovarian cancer signaling pathway; and 6 significant proteins, EIF4EBP1, SRC,
EIF4E, PXN, ESR1, and RPS6KA1, fell into the ERK/MAPK signaling pathway. We also
selected 17 proteins with p value <0.05 in the comparison test between paired normal colon
and adenomas for pathway analysis. The top canonical pathways to which these proteins
belong are the hereditary breast cancer signaling (p =3.98E-06), endometrial cancer
signaling (p =1.67E-05), and ATM signaling (p =2.20E-05) pathways. Three significant
proteins, TP53, PTEN, and CCNB1, fell into the hereditary breast cancer signaling pathway;
3 significant proteins, ERBB2, TP53, and PTEN, fell into the endometrial cancer signaling
pathway; and 2 significant proteins, TP53 and MRE11A, fell into the ATM signaling
pathway.

Discussion
It has long been appreciated that developmental, physiological, genetic and epigenetic
difference exists between different segments of the colorectum (Bufill 1990; Gervaz et al.
2004; Iacopetta 2002). In this pilot study, we examined protein expression patterns along the
normal colorectum and between normal tissues and adenomas in LS. Our results suggest that
there are some differences in protein expression profiles between normal tissues from
different locations as well as between adenomas and matched normal tissue. However, the
number of proteins statistically significantly different in expression after the multiple-test
correction was very minimal, and the fold change difference in expression level was subtle.
In the normal LS colorectum, although there are distinctions in protein expression profiles
between the right colon and either the left colon or rectum, the expression level appears to
change gradually along the colorectum from the right to left and the rectum. In addition,
there was virtually no difference between the left colon and rectum. In the normal vs.
premalignant adenoma comparison, only the PEA15 protein expression level was expressed
differentially. Nevertheless, the location-specific or tumor-specific protein expression
profiles observed here might provide valuable insight into understanding variations along
the LS colorectum in either the nonneoplastic or neoplastic setting and could be relevant for
the clinical management of LS.

Specifically, in the normal LS colorectum, 2 proteins (IGF1R and COL6A1) and 3 proteins
(FN1, COL6A1, and IGF1R) remained statistically significantly different at the FDR cut-off
of 5% (q<0.05) between the right colon and left colon and the right colon and rectum,
respectively. These differences in protein expression profiles may be due to anatomic and/or
physiological differences between the right colon, left colon, and rectum, considering the
distinct regional embryological origins and the different biological characteristics of the
segments. Among these proteins, IGF1R, the insulin-like growth factor 1 receptor, is
involved in cell growth and survival control. It plays a critical role in transformation events
and is highly overexpressed in most malignant tissues, where it functions as an anti-
apoptotic agent by enhancing cell survival. The protein encoded by COL6A1 is the alpha 1
subunit of collagen VI, which is a major structural component of microfibrils. These
collagens play a role in maintaining the integrity of various tissues. Previously, a gene
expression microarray study by Glebov et al (Bara et al. 1984; Glebov et al. 2003; Komuro
et al. 2005) showed COL6A1 expressed significantly less at transcriptional level in right
versus left colon of LS patients. Here, we observed the same trend in reduction of COL6A1
expression at protein level. Put it together, the comparison of COL6A1 at transcriptional
level corresponds to its comparison at translational level in LS colorectum. Interestingly, in
this same study by Glebov et al (Bara et al. 1984; Glebov et al. 2003; Komuro et al. 2005),
differential expression of COL6A1 at the transcriptional level in the right versus left colon
was also observed in non-LS CRC patients, suggesting that LS and non-LS colorectums
share some common molecular features. However, IGF1R and FN1 were not included in this
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study. FN1 encodes fibronectin, which is involved in cell adhesion and migration processes.
In our present study, we observed the differential lower expression of FN1 at the protein
level in the normal right colon relative to normal rectum in the LS colorectum. Interestingly,
in a gene expression microarray study of 184 normal human colon specimens by LaPointe et
al. (LaPointe et al. 2008), FN1 was reported to be expressed transcriptionally lower in the
right vs. left colon. Although they didn’t specify whether FN1 was also expressed
transcriptionally lower in the right colon vs. rectum, the authors pointed out that no
transcripts were expressed significantly differently between any two adjacent segments such
as the rectum and left colon. If that is the case, the differential lower expression pattern of
FN1 we observed here is not specific to the LS colorectum.

Understanding the protein expression in normal tissue is vital to understanding the
expression changes in diseased tissue. Correspondingly, 2 studies on the expression patterns
of sporadic CRC arising from different locations showed that there were significant regional
differences in CRC using gene expression array and/or immunohistochemical staining
(Minoo et al. 2010; Sanz-Pamplona et al. 2011). However, due to our limited sample size,
we could not compare the expression patterns of adenomas from patients with LS among the
different locations in the colorectum. Instead, we compared patient-matched, location-
matched normal colon tissue and adenomas to minimize bias. Interestingly, we observed that
PEA-15 was the only protein with significantly different expression between adenomas and
adjacent normal- tissue after FDR justification, regardless of the location of the adenoma.
PEA-15 is a small death effector domain–containing protein that is expressed ubiquitously.
It is involved in the regulation of fundamental cellular functions, including apoptosis,
proliferation, and glucose metabolism (Fiory et al. 2009)). High levels of PED/PEA-15
expression have been reported in gliomas (Hao et al. 2001) and (Xiao et al. 2002) and
mammary carcinomas (Hwang et al. 1997; Stassi et al. 2005; Tsukamoto et al. 2000),
suggesting a role in cancer development. In addition, transgenic mice with PEA-15
overexpression have an increased occurrence of skin papillomas upon sequential treatment
with 7,12-dimethylbenz[a]anthracene (Formisano et al. 2005). In a more recent study by Sun
et al (Sun et al. 2010), the expression level of PEA-15 was significantly higher in
hepatocellular carcinoma (HCC) than in the adjacent normal tissues, and the level of
expression was significantly associated with the pathological grade and clinical stage of
HCC. To our knowledge, this is the first observation of overexpression of PEA-15 in
adenomas from patient with LS. One of the common issues with array data is over
interpretation. For this reason, we tested whether differences in expression level of PEA15
could be confirmed by western blotting. We were unable to ascertain the difference by
western blotting (data not shown), perhaps because the limited sensitivity of this semi-
quantification method did not allow us to detect the subtle difference between adenomas and
matched normal tissue we observed in the RPPA. Considering that adenomas are
premalignant, it will be interesting to determine whether PEA-15 is dramatically
overexpressed in carcinmoas from LS patient when tissue becomes available.

Most recently, Yamauchi et al (Yamauchi et al. 2012b) assessed molecular features along
colorectum segments in a study of 1443 cases of sporadic CRCs. They found that the
frequencies of CpG island methylator phenotype (CIMP), MSI, and BRAF mutation
increased gradually (statistically linearly) from the rectum to the ascending colon rather than
changing abruptly at the splenic flexure. The pattern of gradual change was previously
observed by LaPointe et al (LaPointe et al. 2008). A similar gradual transition along the
normal colon for ESR1, HILC1, and APBA2 methylation markers was observed by
Worthley et al (Worthley et al. 2010). All together, these findings challenge the common
conception of distinct dichotomy of proximal vs distal colorectum and support the necessity
for a paradigm shift from the established dichotomous model to a continuum model
(Yamauchi et al. 2012a).
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Among the 17 proteins we identified that did not pass the multiple-comparison test, ERBB2,
TP53, and PTEN play important roles in the endometrial cancer signaling pathway, and
TP53, PTEN, and CCNB1 play important roles in the breast cancer signaling pathway. It has
been reported that in addition to CRC, patients with LS have an increased risk of developing
various extra-colonic malignancies (Pande et al. 2012). For example, women with LS have a
50–60% risk of developing endometrial cancer, which is considered part of the LS spectrum.
In addition, an increased risk of breast cancer has been observed in patients with LS. Our
study included 4 adenomas from 4 female patients with LS; 2 of these patients developed
endometrial cancer in their 20s and 40s, respectively, and 1 had breast cancer in her 40s. Our
observation of differential expression in those key proteins between tumor and adjacent
normal tissue might provide a molecular basis for understanding why LS patients have an
increased risk of developing endometrial cancer and breast cancer. Therefore, our findings
might be of clinical relevance for the early detection or diagnosis of cancers at extra-colonic
sites during follow-up for patients with LS.

There are several major limitations of our study. First, our sample size was very limited.
However, our pilot study does shed light on the protein expression profiles of LS in the
colorectum, which has not been examined by RPPA previously. Second, the panel of
antibodies used in RPPA mainly focuses on the key proteins involved in several signaling
pathways, such as cell death and survival, cellular growth and proliferation, cellular
development, cell cycle regulation, and cellular movement. Therefore, the number of
antibodies is very limited and not able to provide a whole-spectrum protein expression
profile. Third, it has been reported that the risk of LS tumors appears different between
MLH1 and MSH2 mutation carriers (Lindor et al. 2008). MLH1 mutation carriers have a
somewhat higher CRC risk than MSH2 mutation carriers (OR, 1.3; 95% CI, 1.0–1.7)
(Kastrinos et al. 2008) and extracolonic non-endometrial cancers are more prevalent in
MSH2 carriers than in MLH1. In the present study, although 5 out of 6 tumors were with
MSH2 mutation, using mixed samples of MLH1 and MSH2 mutation might cause some
selection bias. In addition, the observation of ACF in the normal colon tissue of LS patients
suggests that those normal appearing tissue might not be normal (Ramirez-Ramirez et al.
2012), therefore, the normal tissue used in our study might have some early transformations
that cause bias for analysis. Further confirmation with a larger, homogenous sample size and
a wider selection of antibodies will be more informative.

In conclusion, we found different protein expression profiles between different regions of
the colon in patients with LS. Understanding the protein expression in normal tissue is vital
to understanding the expression changes in tumor tissue. In addition, we observed
significant differences between adenomas and matched normal colon samples. These results
may have important implications for diagnostic and preventive strategies for patient with
LS.
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Figure 1.
Heatmap of RPPA. A, Protein expression was compared among different regions of the
colon. B, Protein expression was compared between normal colon and adenomas. The
vertical axis shows the proteins tested in the RPPA, and the horizontal axis shows the
location/type of samples. The significant proteins after multiple test correction (q< 0.05)
were underlined.
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Figure 2.
Identification of proteins differentially expressed among different locations/types of colon
samples. The horizontal lines of pluses (+) represent the mean relative protein expression
values.
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Table 1

Sample description

No. of patients (%) No. of normal tissues (%) No. of adenomas (%)

Sex

 Male 3 (33.3) 9 (33.3) 2 (33.3)

 Female 6 (66.7) 18 (66.7) 4 (66.7)

MMR gene mutated

 MLH1 2 (28.6) 6 (28.6) 1 (16.7)

 MSH2 7 (71.4) 21 (71.4) 5 (83.3)

Tissue location

 Right colon 9 (33.3) 3 (50.0)

 Left colon 9 (33.3) 2 (33.3)

 Rectum 9 (33.3) 1 (16.7)
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Table 2

Differences in protein expression by colon location (right-side, left-side, or rectum) or between normal colon
and adenomas

Right vs. left P-value Fold change

IGF1R 0.0002 0.87

COL6A1 0.0005 0.80

EEF2K 0.002 0.77

RPS6KB1 0.006 0.80

AKT1/AKT2/AKT3 0.009 0.84

CTNNB1 0.009 0.70

PEA15 0.010 1.07

KIT 0.012 0.72

CAV1 0.015 0.88

PTEN 0.018 0.76

RPS6KB1_pt389 0.023 0.85

PECAM1 0.024 1.07

EIF4EBP1_pt37 0.030 1.10

BCL2L11 0.031 0.85

CDH3 0.032 1.14

EIF4EBP1 0.037 0.90

EIF4E 0.038 0.83

Right vs. rectum P-value Fold change

FN1 0.0002 0.68

COL6A1 0.0003 0.76

IGF1R 0.0007 0.79

AKT1/AKT2/AKT3 0.002 0.79

KIT 0.003 0.71

EIF4EBP1 0.004 0.86

CHEK1 0.006 1.06

RPS6KB1 0.007 0.81

EIF4EBP1_ps65 0.008 0.78

RPS6KB1_pt389 0.010 0.82

EEF2K 0.010 0.79

RPS6_ps240_s244 0.011 0.64

RPS6_ps235_s236 0.011 0.69

SRC_py416 0.012 1.32

PXN 0.027 0.84

CASP7 0.029 1.50

PRKAA1 0.030 1.50

CTNNB1 0.030 0.71

RAD51 0.041 1.09

EIF4E 0.047 0.85
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Left vs. rectum P-value Fold change

EIF4EBP1_ps65 0.003 0.84

INPP4B 0.004 1.06

RB1 0.005 1.04

RPS6_ps240_s244 0.009 0.63

RPS6_ps235_s236 0.012 0.67

PTK2 0.013 0.89

IRS1 0.018 0.94

VASP 0.018 1.06

IGF1R 0.024 0.91

MSH2 0.027 1.07

CHEK2 0.029 1.11

CCNB1 0.030 1.19

SRC_py527 0.031 0.93

PIK3R1 0.039 1.08

BIRC2 0.039 1.04

EIF4EBP1_pt37 0.041 0.93

ESR1 0.049 0.86

Adenomas vs. Normal P-value Fold change

PEA15 0.0008 1.09

BCL2L11 0.002 1.12

TP53 0.005 1.14

CAV1 0.014 1.89

CCNB1 0.017 0.53

EEF2 0.019 0.89

PECAM1 0.021 1.06

ERBB2_py1248 0.022 0.89

COL6A1 0.022 1.25

MRE11A 0.026 1.04

RPS6KB1_pt389 0.028 0.83

ESR1 0.029 1.15

RPS6KB1 0.032 0.79

ERBB2 0.039 0.85

CDH2 0.040 1.08

PTEN 0.041 0.81

FN1 0.045 1.33

The significant results after multiple test correction (q< 0.05) are shown in bold.
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