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1. BEEE

WA 1x29 : 2 TREIS L, FHERKIT
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PS
1 0/1/2/3 37/30/3/1
HEERD D 51(71.8 %)
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b) Patient carto
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BREEBIUVCERESEEED N L —=V T
S a—RBZHEL, NREFMZIEo Ry MEE
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B ET 5, L ICR— MIBZEWICHREL
RS TFOTENRICHIRAE U, PSR &
nNT, WBEIPLZVDOR ML AZELLZ LR
Bo

2. (KMUS XUHINE

Y, FWEOLA 7Y PER2ICFET. A
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Patient cart
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15° Bl &, BEREBEHOR—- IAFBEETS
(B3 ThICED, HR-PEORY F7T—A
PERERICERI N, Z20O0L0B/ETT — A
TOFEBHEPDLL b, BREBEETIE, TR
POMECER Z#EEL Tw P, ORIBE ICH
T=T R EEP T TCHER TR EBAICETT
bo ZDOBMEIZ X o TN ICHFOHFBEST
B, MEBNIAOFELMEE L CTERIRE
AT EE L 72 B, 3rd arm 121E, double fenestrat-
ed bipolar forceps d L £ & cadiere forceps % %%
EZLTHERERZ LW, EREEHEE TE
MR IE DM 4 D8 % BANCIENT THEEL Tw
{ (B5)e BEFTIlst arm & 3rd arm PSR ET
i, SHTOMEEIMIRINLGEE, €
NZENROM|FEMFIBRZAZLICLY, WEIN
5o TNETHETIERD DEBE LB FTIED
AEL TIEMZEGICLTBY, EREAO
BIEIZB VT, Denonviller filE & E G EHE &
BoM%E#k L THERERZT-o T (H6).
ERREEOHE X, #WeAT I —F T2
¥ 3 ¥ 12 X Y neuro- vascular bundle (NVB)
A tenting SNTWAZ ENUEHRINL, M

F4fj - 2012 |

—223-



THEwE

5 ERREOHE®

I2& ), IELWETHIBHRENTZ, MHEEES
HiizFHTE5 (B®7)

&L DRAEIT X Y, total mesorectal excision
(TME) 3 L < i&, tumor-specific mesorectal
excision (TSME) #17\, BB O % kE
T 5o EGHEZ T 55D 87 0L iR
&Y, MEROBEBESEFMHLLT, MHIBETHE
ZEVEDSIERE 2572,

7. M &

B OHEE L MEOMAAET L6, BETF
iy & AR IC 3 M I8 @ implantation & FF5§
ZEHIT, LML) 2L OEFERCTHERESZ
fTo T3, Patient cart NEZ DR EICALE L
Tz, BHEERGEORER, BERZ LiliPRN
BB L 2BEAAESMNOERSLELRLE& DM
M (T TE 5,

a) Double stapling technique (DST)

DST CYIETRERERMIXY =T AT A T —
THEBZWHEL, SR 2HEETOMRAT 3 KT
BUYETICT, TRy MERRT 5. BED
£l % 3~4cm IZEE L T wound retractor & 2
&, BERzANA~ZLT 5, ERELE TE
WEEELUTEBEANEL, BEOBEREGEFImE
FRRDFH TYERIELZIT) o

b) Internal sphincteric resection (ISR)

ISRD 3 & 1%, T & £ |2 patient cart Z
undock & THEBREICES, -V AXF—L
oS —ZREIELT, ¥t MYAICE
REALEZEET S WIRIRICT v 27 2520 T

Filf $566E H10S

X6 ERRTEORHE

7 EBRERREOKRE

HEZEBLTCEETED» S+ 4 7% distal
margin 2R L CEBOWEEE BBT 2. 1%
MRAETHREZESL T, EXRBIIEGRZEITESIC
BIF BT 2HET 2, oKy FEHTIE, ER
Db OHEENRT G0, KEBIETOREERIZ
EAEDLELLEWHEED S, —FT, Mmoo
B2 BB CHEIICITh W EBENAIC L
DB BTEREND T2DIEBRPLETH S, MM
oW B E, ILMPGEREZFESHLT
(M 8a), V=T AFA 7T —COREBE 2w
LT 5, BE»OAMEIEKIL TEERA
TR, Gambee &S D LIZ1BOE
BHEA CRILFIMICYERIEL1TH (R8b)s #
LT, WEOE®DIIRYa—X FL— 2Lk
DEEBT S, WINOIRITBWTHAETERNR
D FL—rzigmmicgE L, ILMErows
EBF TOREMEIC X o T, #E diverting stoma %

EHRLTWA,

| 1481 |

224~



ik

1)

8 ISR DRERE

a) JLP2 & DR,

b) FEWICL YA

Kwak JM et al : Robotic vs laparoscopic resection of
rectal cancer : short-term outcomes of a case—con-
trol study. Dis Colon Rectum 54 : 151-156, 2011

2) BESRIEH, ABEICHTs Ry FRABEA. A
THAV 4 ER 43 1 1002-1006, 2010

3) BEERITD ¢ Lower GI/Colon and Rectum Cancer
KBS KBEEICHT A IORy PR BE{bEE3S:

| 1482 |

4)

5)

—225-

1790-1792, 2011

Choi DJ et al : Single-stage totally robotic dissection
for rectal cancer surgery : technique and short-term
outcome in 50 consecutive patients. Dis Colon Rec-
tum 52 : 1824-1830, 2009

BT H # K ER1Z 2> © Intersphincteric resection (ISR)
FTORGRE. ER4L 64 - 325-329, 2009

FiF - 2012



2176 WAL SR

T ERELIGRE (X9 A B R BT U AT O e R AR

AR FET TR R SR mET HF F- BE BB

(Jpn J Cancer Chemother 39(12): 2176-2178, November, 2012)

Long-Term Qutcome of Local Excision for Lower Rectal Cancer: Toshimasa Yatsuoka™', Yoji Nishimura*!, Hirohiko Saka-
-moto*", Yoichi Tanaka*" and Masafumi Kurozumi*? (*'Division of Gastroenterological Surgery, and **Division of Pathology,
Saitama Cancer Center)

Summary

In many practical cases, we cannot perform further surgical treatment for patients with T1 lower rectal cancer after local

excision due to the patient’s desire to avoid abdominoperineal resection. We reviewed the outcome of 15 patients in which
local excision was performed for T1 lower rectal cancer from 2001 to 2009. The cases were classified into 3 groups [SM1
(h=3), SM2 (n=11), and SM3 (n=1)] by dividing the submucosal layer equally. In the initial operation, the round mar-
gins of all resected specimens were negative for cancer cells. We performed only 1 additional bowel resection after initial lo-
cal excision for the SM3 case. The specimen removed by ultra—low anterior resection revealed lymph node metastasis in
the mesorectum. Among the SM2 cases, recurrence occurred in only 1 patient, and ultra—low anterior resection was per-
formed after the diagnosis of recurrence. Even though patients who had cancer with SM2 invasion did not undergo further
bowel resection due to having other cancers or comorbidities or because of personal preference, there have been no other
recurrences. Key words: Lower rectal cancer, Local excision, Submucosal invasion
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Abstract. In the post-genomic era, the main aim of cancer
research is organizing the large amount of data on gene expres-
sion and protein abundance intoa meaningful biological context.
Performing integrated analysis of genomic and proteomic data
sets is a challenging task. To comprehensively assess the corre-
lation between mRNA and protein expression, we focused on
the gene set enrichment analysis, a recently described powerful
analytical method. When the differentially expressed proteins
in 12 colorectal cancer tissue samples were considered a collec-
tive set, they exhibited significant concordance with primary
tumor gene expression data in 180 colorectal cancer tissue
samples. We found that 53 upregulated proteins were signifi-
cantly enriched in genes exhibiting elevated gene expression
levels (P<0.001, ES=0.53), indicating a positive correlation
between the proteomic and transcriptomic data. Similarly,
44 downregulated proteins were significantly enriched in
genes exhibiting elevated gene expression levels (P<0.001,
ES -0.65). Moreover, we applied gene set enrichment analysis
to identify functional genetic pathways in CRC. A relatively
large number of upregulated proteins were related to the two
principal pathways; ECM receptor interaction was related to
heparan sulfate proteoglycan 2 and vitronectin, and ribosome
to RPLI3, RPL27A, RPL4, RPS18, and RPS29. In conclusion,
the integrated understanding of both genomic and proteomic
data sets can lead to a better understanding of functional
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inference at the physiological level and potential molecular
targets in clinical settings.

Introduction

The advent of genomic and proteomic technologies for the
analysis of human tumor samples has now added an additional
source of information to clinical cancer research (1). Genomic
technologies have enabled rapid and sensitive screening for
global and specific changes in gene expression that occur in
hundreds of samples (2). Proteomic techniques based on mass-
spectroscopy have enabled us to characterize and quantify
thousands of proteins, which are closely related to the phenotype
of an organism (3). Several previous studies have individually
analyzed proteomic and transcriptomic data. Understanding
the relevance and consistency of each data set individually is
difficult and time-consuming. A major task in the post-genomic
era is organizing this large amount of data on gene expression
and protein abundance into a meaningful biological context.

We previously reported individual studies of mRNA
and protein expression profile using DNA microarray and
proteomics in colorectal cancer (CRC) (4,5). We believe that
these studies should be expanded into a global integrated
analysis of mRNA and protein expression profiles. However,
a major limitation is that a less than perfect correlation often
exists between mRNA and protein expression (6,7). Variations
between the mRNA level of a gene and its corresponding
protein abundance can be as high as 30-fold (8). Potential
biological reasons for the lack of correlation between mRNA
and protein expression levels are: i) translational regulation,
ii) differences in protein in vivo half-lives, and iii) differences
with respect to the experimental platforms (9,10). In addi-
tion, possible reasons for this poor correlation may include
methodological constraints that might affect the comparison
of mRNA and protein levels. Previous studies have reported
that the Pearson correlation coefficient and Spearman rank
coefficient for these data ranged from 0.47 to 0.76 in bacterial
and mammalian cells (11-13).

To comprehensively assess the correlation between mRNA
and protein expression in CRC, in this study, we focused on a
recently described powerful analytical method known as the
gene set enrichment analysis (GSEA) (14). GSEA determines

—229-



552

whether members of a biological motif set (S) tend to occur
toward the top (or bottom) of the gene list (L) by testing the
coordinated over- or under-expression of gene sets using the
Kolmogorov-Smirnov test over a weighted summation (14).
We hypothesized that the GSEA approach, which was not
controlled by different dynamic range, might be more suitable
to evaluate the correlation between mRNA and protein levels
than the traditional correlation coefficient analysis. Of note,
GSEA revealed a relationship that had not been previously
evaluated by traditional analysis.

We sought to identify potential biological regulatory
pathways in humans in large sample size (180 CRCs data)
using this GSEA application that is also known as the global
analytical approach to evaluate regulatory gene sets associated
with several biological mechanisms of cancer. We examined the
relevance of these pathways in transcriptomic and proteomic
analysis of upregulated proteins. Of note, several upregulated
proteins have been found to be associated with genomic
pathways playing an important role in carcinogenesis. In
conclusion, the integrated analysis of genomic and proteomic
data sets can lead to a better understanding of functional
inference at the physiological level and of potential molecular
targets in clinical settings through identification of pathways
and molecular subnetworks that are implicated in human CRC
tissues.

Materials and methods

Tissue samples. CRC tissues and their adjacent normal colonic
mucosal tissue counterparts used for 2-nitrobenzenesulfenyl
(NBS) labeling were collected from 12 CRC patients who
underwent surgical resection at Osaka University Hospital
from 2003 to 2004 (clinicopathological features are described
in Table I). For DNA microarray, samples of 180 CRC tissues
and 40 normal colonic mucosal tissues were obtained from
patients who underwent surgical resection at Osaka University
Hospital from 2003 to 2006. After surgical resection, tissues
were immediately stored at -80°C prior to analysis. None of
the patients received chemotherapy or radiotherapy before
surgery. Necrotic tissue was excluded from the study and none
of the adenomas contained a cancerous component. All normal
tissues were histopathologically confirmed as cancer-free.
All patients gave written informed consent; this study was
approved by the Institutional Review Board for human tissue
use at the Graduate School of Medicine, Osaka University.

Protein separation. Frozen tissue samples were homogenized
in 500 ml of lysis buffer A (50 mM Tris-HCI at pH 8.0,
100 mM NaCl, 5 mM EDTA, 1 mM PMSF, 1 mg/ml leupeptin,
and 5 mg/ml aprotinin) on ice using a Sample Grinding kit
(GE Healthcare, Buckinghamshire, UK). Homogenates were
centrifuged at 100,000 x g for 60 min and supernatants were
collected as the cytosolic fraction (CF). Pellets were washed
twice with lysis buffer A and homogenized in 500 ml of lysis
buffer B (2% CHAPS, 9 M urea, 50 mM Tris-HCI at pH 8.0,
100 mM NaCl, 5 mM EDTA, 1 mM PMSF, | mg/ml leupeptin,
and 5 mg/ml aprotinin); homogenates were centrifuged at
100,000 x g for 60 min. Supernatants were collected as 2%
CHAPS-soluble fraction (CSF). These fractionated samples
were precipitated using the 2D-Clean-Up kit (Bio-Rad,

TAKEMASA et al: BIOLOGICAL INSIGHTS REVEALED BY OMICS

Table I. Characteristics of 12 CRC samples for proteomics and
180 CRC samples for transcriptomics.

12 CRC samples 180 CRC samples
for proteomics for transcriptomics

Gender

Male 8 111

Female 4 69
Age

Median (range) 68 (61-78) 67 (30-90)
Location

Cecum 0 16

A. Colon 3 23

T. Colon 0 10

D. Colon 1 10

S. Colon 6 54

Rectum 2 67
Tumor size (mm)

Mean + SD 44+x1.8 6.7£9.9
Histological type

Well 1 40

Mod 11 134

Por 0 4

Muc 0 2
Stage

0/1 2 18

11 5 75

111 5 87

v 0 0

Hercules, CA) and resuspended in 8 M urea and 5 mM EDTA.
After centrifugation at 100,000 x g for 5 min, supernatants
were collected and subjected to NBS reagent labeling. Protein
concentration was determined using the BCA Protein Assay
kit (Pierce, Rockford, IL) using BSA as a standard.

NBS reagent labeling, peptide fractionation, and MS measure-
ment. NBS reagent labeling was performed according to
the manufacturer's protocol (*CNBS stable isotope labeling
kit-N; Shimadzu Biotech, Kyoto, Japan). Normal and tumor
tissue samples (100 mg each) were labeled with isotopically
light and heavy NBS reagents, respectively. NBS-labeled
samples were then mixed, reduced, alkylated, and digested
by trypsin. NBS-labeled peptides were enriched from tryptic
digests and fractionated using Phenyl-Sepharose, as previously
described (15). The resulting seven fractions were combined
into three fractions and subjected to reversed-phase liquid
chromatography (L.C-10ADvp mHPLC system; Shimadzu), as
previously described (16). Eluates were automatically deposited
onto MALDI target plates by the LC spotting system (AccuSpot;
Shimadzu). These samples were automatically analyzed by
MALDI-TOF MS (AXIMA-CFR Plus; Shimadzu/Kratos,
Manchester, UK) (16).
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Relative quantification and identification of differentially
expressed proteins in HCC. Relative quantification of each
NBS-labeled peptide pair was performed using the NBS
Analysis Software version 1.0 (Shimadzu), referring to a
monoisotopic mass list from MASCOT Distiller version 1.1.2
(Matrix Science), as previously described (16). Peptide pair
ratios >1.5 fold or <0.66 fold were set as threshold values.
The threshold value for the occurrence was set to 60% of all
CRC patient samples in which peptide pairs were detected.
In this manner, candidate peptides were selected and further
subjected to MS/MS analysis (AXIMAQIT-TOF; Shimadzu/
Kratos) (16). Proteins were identified by the MASCOT MS/
MS Ion Search algorithm (version 2.0; Matrix Science) using a
mass list generated by the MASCOT Distiller. The MASCOT
search parameters were: trypsin digestion allowing up to two
missed cleavages, fixed modifications of 2CNBS (or *CNBS)
and carbamidomethy! (C), variable modifications of oxida-
tion (M), peptide tolerance 0.3 Da, and MS/MS tolerance of
0.5 Da. Search results with P<0.05 were defined as positive
identifications.

Gene expression profiling. Total RNA was purified from
180 CRC tissue samples using TRIzol reagent (Invitrogen,
San Diego, CA), as previously described (17). Integrity of
the RNA was assessed on the Agilent 2100 Bioanalyzer and
RNA 6000 LabChip kits (Yokokawa Analytical Systems,
Tokyo, Japan). Only high quality RNA with intact 18s and
28s RNA were used for subsequent analysis. Forty RNA
extractions from different normal colonic mucosal tissues
were mixed and used as control reference. Extracted RNA
samples were amplified with T7 RNA polymerase using the
Amino Allyl MessageAmp™ aRNA kit (Ambion, Austin, TX)
according to the manufacturer's protocol. The quality of each
Amino Allyl-aRNA sample was checked on the Agilent 2100
Bioanalyzer. Control and experimental aRNA samples (5 yg)
were labeled with Cy3 and Cy35, respectively; these samples
were then mixed, and hybridized on an oligonucleotide micro-
array covering 30,336 human probes (AceGene Human 30K
DNA Chip Research Inc. and Hitachi Software Engineering
Co., Yokohama, Japan). Experimental protocol is available
at http://www.dna-chip.co.jp/thesis/AceGeneProtocol.pdf.
The microarrays were scanned on the ScanArray 4000 (GSI
Lumonics, Billerica, MA). Signal values were calculated using
the DNASIS Array Software (Hitachi Software Inc., Tokyo,
Japan). Following background subtraction, data with low signal
intensities were excluded from additional investigation. In each
sample, the Cy5/Cy3 ratio values were log-transformed. Then,
global equalization to remove a deviation of the signal inten-
sity between whole Cy3- and Cy5-fluorescence was performed
by subtracting the median of all log (Cy5/Cy3) values from
each log (Cy5/Cy3) value. Genes with missing values in >20%
samples were excluded from further analysis; 24,537 genes out
of 30,336 were analyzed.

Statistical integration of proteomics and transcriptomics. To
investigate the correlation between mRNA and protein levels
for a set of differentially expressed proteins, we used the
Spearman rank coefficient and GSEA, a computational method
that determines whether an a priori defined set of genes shows
statistically significant and concordant differences between

553

two biological states, as previously reported (14). In brief,
using the gene expression profiles of the 180 CRC samples,
the gene list L was ranked by calculating the mean expression
level of each gene across all CRC samples. The differentially
expressed proteins selected by NBS method were then mapped
to their corresponding mRNAs and used as a test group set .S
against the ranked gene list L in GSEA analysis. Enrichment
score (ES) of a test group set S characterizes whether the set
S is randomly distributed across the list or falls mainly at the
bottom or top of the list L. The null hypothesis that a test group
set S randomly distributes across the ranked gene list L was
tested with the Kolmogorov-Smirnov test, and the statistical
significance value (nominal P-value) was estimated by 1000
random permutations of the phenotype labels. In this study,
the test group set (differentially expressed proteins sef) with
a P<0.035 of ES was considered to be statistically significant
correlation between mRNA and protein expression.

Assessment of significantly regulated pathways in CRC.
KEGG database (http://www.genome jp/kegg/pathway.html)
and GSEA 2.0.1 (a publicly available desktop application from
the Broad Institute (http:/www.broad.mit.edu/gsea/software/
software_index.html) (14) were employed to assess significantly
regulated pathways in the 180 CRC gene expression data sets.
In KEGG database, a test set size filter (min=15, max=500)
was applied to 200 pathways. The enrichment score (ES) of a
test set S and statistical significance value (nominal P-value) -
were estimated by permutations of the phenotype labels as
described above. Test sets with a high significance (P<0.05)
of ES were considered as potentially regulated pathways. We
normalized the ES for each gene set to account for the size of
the set, yielding a normalized enrichment score (VES). We then
control the proportion of false positives by calculating the false
discovery rate (FDR) (18) corresponding to each NES. FDR is
the estimated probability that a set with a given NES represents
a false positive finding; it is calculated by comparing the tails
of observed and null distributions for NES.

Results

Proteomic profiling and identification of differentially
expressed proteins in 12 CRC tissues. The NBS method was
used for profiling protein expression in a set of tumor and
normal tissue samples from 12 CRC patients. After a series of
experiments, ~2,600-3,000 peak pairs were observed in each
analysis. After relative quantification of each peak pair in each
sample, 320 pairs were found to have significant alterations in
protein expression and occurred with significant frequency in
patients. After these peaks were subjected to MS/MS analysis,
226 MS/MS spectra were obtained, and 156 search results were
considered as positive identifications. In total, 128 proteins were
confirmed as CRC-associated proteins. Of these, 71 proteins
were upregulated and 57 proteins were downregulated in tumor
tissue compared to those in normal tissue in CF and CSF
analyses, respectively. Using UniPlot Protein database (http:/
www.uniprot.org/) and matching Entrez Gene 1D, we mapped
these differentially expressed proteins to their corresponding
mRNA counterparts. Finally, we focused on 53 upregulated and
44 downregulated proteins, for which mRNA expression was
determined by cDNA microarray analysis (Tables I and III).
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Table II. List of 53 upregulated proteins in CRC tissues and transcriptomic expression data.

Upregulated proteins in CRC tissues Symbol Entrez Average of 12 Average of 180
Gene ID CRCs Log,T/N CRCs Log,T/N
ratio - proteomics ratio - transcriptomics
al acid glycoprotein ORM1 5004 1.19 -0.29
B-tubulin TUBB 203068 0.79 032
Apurinic endonuclease APEX1 328 1.00 0.15
Calumenin CALU 813 1.18 0.32
Chaperoninl HSPD1 3329 1.10 0.50
Clathrin light polypeptide A CLTA 1211 154 0.13
Complement factor H CFH 3075 0.88 -0.85
Cysteine rich intestinal protein 1 CRIP1 1396 0.58 -0.30
Cytokeratin 18 KRT18 3875 146 031
Ezrin EZR 7430 0.99 -0.38
F-box protein 40 FBXO040 51725 130 0.00
Fibrinogen y FGG 2266 0.97 -0.07
Galectin 1 LGALS! 3956 0.90 0.83
Glutathione peroxidase 1 GPX1 2876 0.67 0.36
Golgi complex-associated protein 1 ACBD3 64746 1.05 0.12
Heat shock 70 kD protein 9B HSPA9 3313 1.10 -0.18
Heat shock protein 27 HSPB1 3315 1.14 0.23
Heparan sulfate proteoglycan 2 HSPG2 3339 0.98 0.06
High density lipoprotein-binding protein HDLBP 3069 0.71 022
HLA-C HLA-C 3107 0.73 -0.35
Hypothetical protein FLI38663 C120rf65 91574 0.75 -0.38
Inorganic pyrophosphatase PPA1 5464 1.24 0.67
Mitogen inducible gene 2 protein FERMT?2 10979 0.71 -0.19
Plastin 2 LCP1 3936 1.03 -0.09
Plectin | PLEC1 5339 0.84 -0.07
Proteasome subunit p58 PSMD3 5709 0.73 021
Pyruvate kinase 3 PKM2 5315 093 0.36
RAB22A RAB22A 57403 0.78 0.11
RACK1 GNB2L1 10399 0383 0.13
Radixin RDX 5962 0.84 -0.27
RAN, member RAS oncogene family RAN 5901 0.83 0.52
Reticulocalbin 1 RCN1 5954 1.32 0.63
Ribosomal protein L.13 RPL13 6137 148 0.59
Ribosomal protein L.27a RPL27A 6157 0.95 0.20
Ribosomal protein 14 RPL4 6124 093 0.16
Ribosomal protein S18 RPS18 6222 125 0.26
Ribosomal protein S29 RPS29 6235 0.68 0.10
Ribosome binding protein 1 RRBP1 6238 0.80 0.08
S adenosylhomocysteine hydrolase AHCY 191 122 0.77
S100 calcium binding protein A9 S100A9 6280 1.06 0.68
Solute carrier family 25, member 5 SLC25A5 292 084 -0.26
Solute carrier family 3, member 2 SLC3A2 6520 085 041
Splicing factor 3B, subunit 3 SF3B3 23450 124 0.34
Splicing factor, arginine/serine-rich 3 (SRp20) SFRS3 6428 081 -0.13
Transgelin TAGLN 6876 0.80 0.18
Transgelin 2 TAGLN2 8407 1.00 041
Triosephosphate isomerase 1 TPI1 7167 0.99 021
Ubiquitin-activating enzyme 1 UBE1 7317 090 0.24
U5 snRNP-specific protein, 116 kD EFTUD2 9343 1.19 0.34
Vimentin VIM 7431 0.97 -0.09
Vitronectin VTN 7448 0.70 -0.02
XTP3 transactivatied protein A XTP3TPA 79077 1.06 0.18
Zyxin ZYX 7791 1.03 0.63
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Spearman rank coefficient between mRNA and protein
expression in CRC. Fig. 1 illustrates our experimental design
for correlation analysis. We initially investigated the extent to
which expression data at the protein and mRNA levels were
correlated in CRC using traditional correlation coefficient
approach. The identified differentially expressed proteins, the
expression ratios for these upregulated and down-regulated
proteins, and the expression ratios for each corresponding
mRNA transcript are provided in Tables II and I1I. Fig. 2A and
B show the expression ratios of uniquely identified proteins
plotted against ratios of the products of the corresponding genes
at the mRNA level. A nonparametric correlation analysis of the
experimental data using Spearman rank correlation method
gave a correlation coefficient of 0.36 for up-regulated proteins
data, and a correlation coefficient of 0.28 for down-regulated
proteins data. This indicates a poor correlation between mRNA
‘and protein expression ratios.

Evaluation of the correlation between mRNA and protein
expression using GSEA. Next, we integrated proteomic data
and global transcriptomic data to examine the correlation
between mRNA and protein levels using GSEA approach. We
focused on the 53 up-regulated and 44 down-regulated proteins
shown in Tables I1 and I11. To map these differentially expressed
proteins to their corresponding mRNA counterparts, we used
the Entrez Gene ID and UniPlot Protein database (http://www.
uniprot.org/). Then, 24,537 genes after processing were ranked
according to their magnitude of differential gene expression
in 180 CRC tissues, obtained by microarray and analyzed
using GSEA to examine the distribution of the 53 up-regulated
proteins. We found that the 53 up-regulated proteins were
significantly enriched in genes exhibiting elevated gene expres-
sion levels (P<0.001, ES=0.53), indicating a positive correlation
between proteomic and transcriptomic data (Fig. 3A). Similarly,
the 44 down-regulated proteins were significantly enriched
in genes exhibiting elevated gene expression levels (P<0.001,
ES -0.65), indicating a positive correlation between proteomic
and transcriptomic data (Fig. 3B).

Identification of characteristic genomic pathways and poten-
tial regulatory proteins associated with CRC tissues. After
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Figure 1. The schematic of our experimental design for correlation analysis.
From NBS-based proteomics using 12 CRC tissues, expression data of 53
up-regulated and 44 down-regulated proteins were obtained. From DNA
microarray using 180 CRC tissues, 24,536 gene expression profiles were
obtained. We investigated the correlation between mRNA and protein
levels for a set of differentially expressed proteins, using the Spearman
rank coefficient and GSEA.

defining the differentially expressed proteins in 180 CRC
tissues, the challenge was to objectively interpret potential
biological mechanisms. We performed GSEA to identify
functional genetic pathways (KEGG database; http://www.
genome.jp/kegg/pathway.html) that correlate with the entire
ranked gene list from 180 CRC tissues, sorted by their
magnitude of differential gene expression. Of the 200 gene
sets that contained genes whose products were involved in
specific metabolic and signaling pathways, 12 were signifi-
cantly enriched with nominal P<0.05, as shown in Table IV.
Among the molecules within these 12 pathways in KEGG
database, we found several up-regulated proteins obtained
by NBS analysis. In particular, a relatively large number
of up-regulated proteins were related to the principal two
pathways; ECM receptor interaction was related to HSPG2
and VTN, and ribosome to RPL13, RPL27A, RPL4, RPSIS,
and RPS29.
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Figure 2. Correlation between mRNA and protein expression levels in CRC, using the Spearman rank coefficient. Expression values are plotted on a log scale.
The dotted lines indicate the correlation trend. (A) mRNA-protein correlation for expression values of 53 upregulated proteins. (B) mRNA-protein correlation

for expression values of 44 down-regulated proteins.
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