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To search for potential protein markers of colorectal cancer (CRC),
the changes in protein expression levels between microdissected
tumor cells and normal mucosa epithelia were analyzed by an acet-
ylation stable isotopic labeling method coupled with linear quad-
rupole ion trap fourier transform mass spectrometry (LTQ-FTMS).
In total, 137 proteins were up-regulated or down-regulated signifi-
cantly in cancer by at least two-fold. Based on gene ontology anal-
ysis, the largest part of differential proteins were unknown for
both subcellular localization and biological process. In particular,
the significant up-regulation of transgelin-2 (TAGLN2) in CRC was
validated by Western blot analysis and further evaluated by immu-
nohistochemistry in paired tumor and normal mucosa samples
from 120 consecutive CRC patients, 20 adenomas, and eight syn-
chronous hepatic metastases of CRC. TAGLN2 expression was fre-
quently observed in cancer cells, precancerous lesions, and hepatic
metastases, whereas in normal epithelia expression was rarely
observed. The overexpression of TAGLN2 was associated with
lymph node and distant metastasis, advanced clinical stage
(P < 0.001), and shorter overall survival in CRCs. Cox regression
analysis indicated that high tumor-TAGLN2 expression represents
an independent prognostic factor. Consequently, over-expression
of TAGLN2 may serve as a new biomarker for predicting progres-
sion and prognosis of CRC. (Cancer Sci 2010; 101: 523–529)

C olorectal cancer (CRC) is one of the most frequent malig-
nancies and is listed as the third leading cause of

cancer-related deaths worldwide. Treatments for CRC have
made significant progress in recent years. However, most
patients are diagnosed after the invasive cancer appears, which
therefore restricts further attempts to improve the survival
rate.(1) Consequently, the search for candidate biomarkers for
early detection and prognostication of CRC is urgently required
to guide early treatment and improve the prognosis of patients.

As an overall and high-throughout protein analysis strategy,
proteomics provides opportunities for the discovery of new bio-
markers for the diagnosis of diseases.(2) In recent years, proteo-
mic technology has been applied in the analysis of CRC(3–5) and
has identified a number of differentially expressed proteins.
However, very few of these results have been confirmed in the
clinical setting and none of the identified potential marker pro-
teins have been widely used for diagnosis or treatment of CRC
in the clinic. Gel-based approaches such as two-dimensional
electrophoresis (2-DE) and two-dimensional differential in-gel
electrophoresis (2D-DIGE) are conventionally used for compar-
ative proteomics in the field of cancer research. However, there
are a number of technical difficulties associated with 2-DE pro-
tein separation that limits its applicability only to abundant and
soluble proteins.(6) Recently, there has been increasing interest
in applying mass spectrometry (MS)-based quantitative methods
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to proteomic efforts. Such approaches complement protein
identification via gel-based proteomic strategies. MS methods
also enable the identification of new diagnostic and early detec-
tion markers.(7) Among the methods, acetylation stable isotopic
labeling by D0 ⁄ D6-acetic anhydride coupled with LTQ-FT MS
has proven to be a valuable and reliable differential proteome
analysis strategy.(8)

Tumor tissues obtained from operations represent ideal mate-
rial for biomarker searching by proteomic analysis. However,
tissue heterogeneity complicates the identification of tumor
markers and the results obtained through proteomic analysis of
whole tissue may be considered controversial.(9) Laser capture
microdissection (LCM) can overcome the heterogeneity prob-
lem by isolating individual tumor cells and represents an attrac-
tive application prospect in a proteomic study.(10) However, the
process involved in harvesting adequate cells for analysis is
laborious and time-consuming, and the small number of cells
procured by LCM severely limits the required proteome cover-
age and biomarker discovery potential that is achievable using
conventional proteomics platforms.

In this study, LCM purified cells from CRC tissue and adja-
cent normal mucosa were analyzed using D0 ⁄ D3 acetylation
labeling combined with high-performance LTQ-FT MS. LTQ-
FT MS possesses the obvious advantages of both allowing small
amounts of samples to be analyzed and providing high proteome
coverage for complex biological samples.(11) Using a pooling
strategy, we found a total of 137 differentially expressed pro-
teins between CRC and normal mucosa. Among the identified
proteins, transgelin-2 (TAGLN2) was significantly up-regulated
in CRC compared with normal mucosa. This observation was
confirmed by Western blot and immunohistochemistry (IHC)
analysis. The clinicopathological and prognostic significances of
TAGLN2 expression in CRC were also evaluated.

Materials and Methods

Tissue specimens. For comparative proteomic analysis, surgi-
cally resected tissues from 20 patients with CRC and their adja-
cent mucosa were collected. Each sample was divided into two
parts. One part was immediately snap frozen in liquid nitrogen
and then stored at )80�C for LCM. The other part was fixed in
a 10% formaldehyde solution for H&E staining and IHC. For
further validation, clinicopathological and prognostic evalua-
tion, a set of tissue microarray was constructed as previously
described.(12) This included paired tumor and normal mucosa
samples of 120 consecutive CRC patients, 20 adenomas, and
eight synchronous hepatic metastases of CRC. All samples were
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taken from the Peking University People’s Hospital (PUPH).
Clinical and pathologic data of the samples are shown in
Tables S1–S3. This study was approved by the Ethics Commit-
tee of PUPH and the informed consent of all participating sub-
jects was obtained.

Laser capture microdissection (LCM) and protein
extraction. Fresh tissues were serially cut into 10-lm frozen sec-
tions, one of which was H&E-stained to check the pathological
status and to locate the desired cells (Fig. S1). LCM was per-
formed with a laser microdissection and pressure catapulting
microscope (LMPC; Palm, Bernried, Germany). Between 3000–
5000 cells were obtained per sample with a maximum time
requirement of 20–30 min. Equal numbers of microdissected
cells of each sample from different pathological conditions that
were either CRC or matched normal mucosa were pooled. The
pooled cells were dissolved in a lysis buffer containing 7 M urea,
2 M thiourea, 100 mM DTT, 4% CHAPS, and 1 · protease
inhibitor cocktail (Roche, Penzberg, Germany) at 4�C for 1 h.
After sonicating on ice for 15 s using an ultrasonic processor,
the samples were spun at 20 000g for 30 min at 4�C to remove
particulate materials. Protein concentrations were measured in
duplicate using the Bradford method.

Protein separation and in-gel digestion. Equal amounts of
protein (20 lg) from normal mucosa epithelia and CRC cells
were separated on the same 12% SDS-PAGE and stained with
Coomassie brilliant blue. Each gel lane was cut into 10 sections
for in-gel tryptic digestion. The excised gel strips were sliced
into about 1-mm3 particles, destained with 50% ACN ⁄ 25 mM

ammonium bicarbonate solution, reduced with 10 mM DTT at
56�C, and alkylated in the dark with 50 mM iodoacetamide at
room temperature for 1 h. Then the gel pieces were destained
again, lyophilized, rehydrated with trypsin solution (0.01 lg ⁄ lL
trypsin in 25 mM ammonium bicarbonate) on ice for 20 min,
and then digested in the microwave oven at 750 W for 8 min,
followed by incubation overnight at 37�C. The supernatants
were collected and the tryptic peptides were extracted from the
gel sequentially with 5% TFA in the microwave oven at 750 W
for 8 min, and with 2.5% TFA, 50% ACN in the microwave
oven at 750 W for 8 min. The extracted solutions were blended,
lyophilized, and used for further stable isotopic labeling.

Acetylation stable isotopic labeling. Peptides from the normal
mucosa sample were tagged with D0-acetic anhydride (Bejing
Chemical Company, Beijing, China), whereas the CRC sample
was labeled with D6-acetic anhydride (Sigma-Aldrich, St. Louis,
MO, USA). The labeling was performed according to Ever-
ley(13) and Nuan et al.(14) Briefly, 100 lL of 1 M O-methylisou-
rea (dissolved in 0.5 M carbonate buffer and adjusted to pH 11
with 1 M NaOH) was added to the peptides derived from the gel
digestion and incubated at 37�C for 2 h. The solutions were then
adjusted to pH 8.0 with 1 M HCl in preparation for the acetyla-
tion reaction. Two hundred lL of borate buffer was added to the
solution to stabilize the pH. D0-acetic and D6-acetic anhydrides
were diluted to 1 M with tetrahydrofuran. One lL of diluted ace-
tic anhydride was added to the solution. The acetylation reaction
was performed at room temperature for 1 h. N-hydroxylamine
was then added to hydrolyze the esters formed during the acety-
lation reaction and incubation continued for a further 30 min
(pH 11.0). Subsequently, light-labeled (D0-) peptides were
mixed with the corresponding heavy-labeled (D3-) peptides,
desalted using a solid phase extraction column (Sigma), lyophi-
lized, and stored at )80�C.

Analysis of labeled samples using LTQ-FT MS. See the Supple-
mentary Information.

Protein identification and quantification. The LTQ-FT MS
data were searched against the IPI human 3.23 using local MAS-
COT (version 1.9) with a 95% confidence level. The parameters
were as follows: the N-terminal fixed modification was the D0-
acetylation (+42.0106 Da, the peptide was labeled with the light
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chain reagent) or the D3-acetylation (+45.0294 Da, the peptide
was labeled with the heavy chain reagent); full tryptic cleavage
was selected and the maximal allowable mis-cleavage hits were
set to two; mass tolerance for peptides and fragment ions was
15 ppm and 0.6 Da respectively. Based on the MASCOT results,
the ratios of the monoisotopic peaks between the light-labeled
peptides and heavy-labeled peptides were automatically calcu-
lated using an in-house program and the protein ratios were calcu-
lated from the average of all quantified peptides. Gene Ontology
(GO) (http://www.geneontology.org) was used to classify the dif-
ferentially expressed proteins identified (ratios were ‡2.0 or £0.5).

Western blot analysis. The expression levels of three dysreg-
ulated proteins in the microdissected samples for acetylation
labeling were examined to confirm the results of the proteomic
approach used in the present study. TAGLN2 was further vali-
dated in the whole lysates of paired CRC and the adjacent nor-
mal mucosa individually. Primary antibodies of TAGLN2
(mouse monoclonal; 1:1000 dilution) and ras-related protein
Rab-10 (RAB10) (rabbit polyclonal; 1:1000 dilution) were
purchased from Proteintech (Chicago, IL, USA). Solute carrier
family 12 member 2 (SLC12A2) (chicken polyclonal; 1:1000
dilution) was purchased from GenWay Biotech (San Diego, CA,
USA). b-Actin (mouse monoclonal; 1:1000 dilution; Santa Cruz
Biotechnology, CA, USA) was used simultaneously as a loading
control. Western blot analysis was performed as described previ-
ously (Supplementary Information).(15)

IHC. Four-lm tissue sections were cut and deparaffinized in
xylene, rehydrated in a graded ethanol series, and treated with an
antigen retrieval solution (6.5 mM sodium citrate buffer, pH 6.0).
The sections were incubated with mouse monoclonal anti-TAG-
LN2 (dilution 1:200) overnight at 4�C and the staining of the tar-
get protein was visualized using a DAKO Envision System (Dako
Diagnostics, Zug, Switzerland). Immunostaining was evaluated
according to a scoring method as described previously.(16) Each
case was scored according to the intensity and area of staining.
The intensity of staining was graded on the following scale: 0, no
staining; 1+, mild staining; 2+, moderate staining; 3+, intense
staining. The area of staining was evaluated as follows: 0, no
staining of cells in any microscopic fields; 1+, <30% of cells
stained positive; 2+, 30–60% stained positive; 3+, >60% stained
positive. A combined staining score (intensity + extension) of £2
was low expression, a score between 3 and 4 was moderate
expression, whereas a score between 5 and 6 was high expression.

Statistical analysis. All statistical analyses were performed
with SPSS version 13.0 software (SPSS, Chicago, IL, USA).
The t-test was used to assess the differences of TAGLN2 expres-
sion between tumor and normal mucosa. The v2-test was used to
evaluate the relationships between TAGLN2 expression and
clinicopathological factors. Overall survival curves were
obtained by the Kaplan–Meier method and the statistical signifi-
cance of the differences was evaluated using a log-rank test.
Cox regression analysis was used to evaluate the prognostic sig-
nificance of clinicopathological factors. Differences with P-val-
ues <0.05 were considered to be statistically significant.

Results

Protein identification and quantification. In this study, 798
proteins were identified and quantified. The quantification of
each identified protein was presented as a protein ratio between
tumor and normal mucosa. The protein ratios ranged from 0.08
to 9.95 with an average ratio of 1.17, indicating that the majority
of the protein expression levels were equivalent in the cancer
and normal mucosa cells (Fig. S2). A total of 137 proteins
showed at least a two-fold difference in the level of expression
in the CRC cells. Here, 67 proteins were overexpressed (ratios
were ‡2.0), whereas 70 proteins were expressed at lower levels
(ratios were £0.5) in the CRC cells (Table S4).
doi: 10.1111/j.1349-7006.2009.01424.x
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Analysis of differentially expressed proteins. For the 137 dif-
ferentially expressed proteins, 93 proteins were annotated by
GO for component and biological processes, whereas the
remaining fraction (44 ⁄ 137) were unknown proteins without GO
annotation. The differentially expressed proteins were grouped
into most categories of subcellular localization. The cytosol,
plasma membrane, nucleus, and mitochondrion were the main
cellular organelles that these proteins were identified to be
located in (Fig. S3a). This observation indicates the importance
of searching for tumor markers at the subcellular level. As for
the functional distribution, the differentially expressed proteins
covered a variety of biological processes with signal transduc-
tion-related proteins and transporter proteins representing two
major groups (Fig. S3b).

Confirmation of the quantification by D0 ⁄ D3 acetylation ana-
lysis. To confirm the quantitative results measured by the
D0 ⁄ D3 acetylation analysis, three proteins which showed signif-
icant differential expression were selected for validation using
Western blot analysis. The expression of TAGLN2 was found to
be four-fold higher in the tumor than the normal mucosa accord-
ing to the acetylation stable isotopic labeling method coupled
with the LTQ-FT MS (Fig. 1a). The results were consistent with
the Western blot result, and similar correlations were observed
for the proteins RAB10 and SLC12A2 (Fig. 1b). The most sig-
nificant difference in expression levels was observed for TAG-
LN2 through validation in the 20 paired CRC samples by
Western blot analysis (Fig. 2).

Characterization of TAGLN2 by IHC. The differential expres-
sion of TAGLN2 was also validated by IHC to show the cellular
origin and distribution. TAGLN2 staining was negative or weak
in normal mucosa epithelia, but stronger in CRC cells, adeno-
mas, and hepatic metastasis (Fig. 3). The expression of TAG-
LN2 was also found in some microvessel walls in the stroma.
(a)

Fig. 1. Quantification and validation of protein over-expression in p
transgelin-2 (TAGLN2) was quantified to be four-fold higher by calculatin
versus light isotopic (D0) peptides. (b) Western blot analysis confirmed
Western blot for solute carrier family 12 member 2 (SLC12A2) and ras-
acetylation analysis.

(a)

(b)

Fig. 2. Expression of transgelin-2 (TAGLN2) in 20
paired samples of colorectal cancer (CRC) (T) and
normal mucosa (N). The intensity of each band was
measured using the ImageQuant image analysis
system and normalized against the signal from
b-actin. (a) The expression of TAGLN2 was signif-
icantly up-regulated in tumor tissues compared
with normal mucosa. (b) The difference of TAGLN2
expression between (T) and (N) was evaluated using
the Satterthwaite’s approximate t-test.

Zhang et al.
Results from the tissue microarray IHC showed that the positive
staining rate of TAGLN2 was 85% in CRC, 16.67% in normal
mucosa, 50% in adenomas, and 75% in hepatic metastasis. The
results of IHC are shown in Tables S5, S6.

Clinical significance of TAGLN2 expression in CRCs. The rela-
tionships between the expression of TAGLN2 in colorectal can-
cer with clinicopathological factors and prognosis were
evaluated. Increased levels of TAGLN2 expression was found to
be significantly correlated with lymph node metastasis, distant
metastasis, and the late TNM stage. In contrast, no significant cor-
relations were found between TAGLN2 expression and other
characteristics, including gender, age, tumor size, histological
grade, and tumor status (Table 1). More interestingly, there was a
significant correlation between TAGLN2 expression levels and
postoperative survival. The mean survival rates of low-, moder-
ate-, and high-expression levels of TAGLN2 in patients were
49.8 ± 13.6, 31.6 ± 19, and 11.4 ± 11 months, respectively. The
survival curves showed that the overall survival rate decreased
significantly with increasing TAGLN2 expression (Fig. 4). In a
univariate analysis, a decrease in survival was correlated with
poor differentiation, lymph node metastasis, distant metastasis,
advanced clinical stage, and an increase in TAGLN2 expression
(Table 2). In a multivariate analysis, lymph node metastasis, dis-
tant metastasis, and an increase in TAGLN2 expression remained
as significant independent prognostic factors for identifying a
decrease in the overall survival rate (Table 2).

Discussion

In this study, LCM and D0 ⁄ D3 acetylation isotopic labeling
combined with LTQ-FT MS was used to compare the protein
expression profiles between CRC and paired normal mucosa.
We identified and quantified a total of 798 proteins including
(b)

ooled colorectal cancer (CRC) samples. (a) The expression level of
g the areas under the monoisotopic peaks of the heavy isotopic (D3)
the over-expression of TAGLN2 in tumor samples. The results of the
related protein Rab-10 (RAB10) were also consistent with the D0 ⁄ D3
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(a) (b)

(e) (f)

(g) (h)

(c) (d)

Fig. 3. Immunohistochemical staining of transgelin-
2 (TAGLN2) in tissue specimens. (a,b) Negative
staining or weak staining in normal mucosa epithelia;
(c) positively stained villous adenoma and abutting
negative normal mucosa epithelia; (d) positive
staining in hepatic metastasis of colorectal cancer
(CRC); (e) positively stained CRC tumor cells and
abutting negative normal mucosa epithelia; (f,g,h)
positive staining in tumor cells: weak (f), moderate
(g), and strong staining (h). Some microvessel walls in
the stroma also stained positive for TAGLN2 (a, b, d,
arrowheads). Magnification, ·200 (a,b,d,f,g,h); ·100
(c,e).
137 that were differentially expressed by at least two-fold
between the two sample groups studied. The different expres-
sion levels of the 137 proteins were found to cover a wide range
of subcellular localizations and biological processes. This illus-
trates the advantage of our strategy in tumor biomarker identifi-
cation with an improvement in proteome coverage.

Among the differentially expressed proteins, many up-regu-
lated proteins in CRC such as macrophage migration inhibitory
factor (MIF),(17) heat shock protein 10 (HSP10),(18) Mortalin,(19)

annexin A4,(20) and S100A6(21) have also been identified by
other proteomic research efforts. These proteins represent poten-
tial markers of CRC. In addition, some down-regulated proteins
identified in this study have also been observed in previous stud-
ies on CRC, including selenium binding protein 1 (SELE-
NBP1),(22) alpha 1 antitrypsin (SERPIN1),(23) and carbonic
anhydrase I and II (CA1 and 2)(3). Moreover, the down-regula-
tion of SELENBP1 has been proposed as a late event in colorec-
tal carcinogenesis and may contribute to the rapid progression
of CRC.
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Besides finding agreement with the differential expression
levels of particular proteins reported previously in CRC, a num-
ber of new findings were identified. In this study, a large number
of up-regulated differentially expressed proteins in CRC were
related to signal transduction processes. The expression of
RAB10 in CRC was three-fold higher when compared with the
levels in normal mucosa. As a member of the RAS oncogene
family, RAB10 has also been observed to be up-regulated in
hepatocellular carcinoma (HCC).(24) This result further implies
the importance of the RAS pathway in CRC carcinogenesis. 14-
3-3 proteins are a ubiquitous family of biomolecules that partici-
pate in positive regulation of the MAPK and the PI3K ⁄ AKT
pathways. Both key growth promoting pathways are associated
with the ability of cancer cells to proliferate in an uncontrolled
manner.(25) Of particular interest, elevated expression of four
14-3-3 protein isoforms (beta, gamma, eta, theta) were observed
in our study, suggesting that 14-3-3 proteins may have important
roles in CRC. Another major finding was that the ion transport-
ers such as chloride intracellular channel protein 1 (CLIC1),
doi: 10.1111/j.1349-7006.2009.01424.x
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Table 1. Relationships between TAGLN2 expression and clinico-

pathological factors in CRC

Characteristics n

TAGLN2 expression (score)

P-valuesLow

(0–2)

Moderate

(3–4)

High

(5–6)

Age at presentation

>65 years 63 23 20 20 0.297

£65 years 57 25 11 21

Sex

Male 74 28 21 25 0.698

Female 46 20 10 16

Site of tumor

Colon 75 34 18 23 0.301

Rectum 45 14 13 18

Size of tumor

>5 cm 35 14 8 13 0.862

£5 cm 85 34 23 28

Histologic grade†

Well + Mod 99 43 28 28 0.067

Poor 21 5 3 13

Tumor status

T1 + T2 19 11 6 2 0.055

T3 + T4 101 37 25 39

LN metastasis

N0 57 45 6 6 0.000*

N1 + N2 63 3 25 35

Distant metastasis

M0 98 47 28 23 0.000*

M1 22 1 3 18

TNM stage

I + II 54 44 5 5 0.000*

III + IV 66 4 26 36

*P < 0.05 by v2-test. †Histologic grade: well, well differentiated; mod,
moderately differentiated; poor, poorly differentiated. CRC, colorectal
carcinoma; LN, lymph node; TAGLN2, transgelin-2.

Fig. 4. Kaplan–Meier survival curves for colorectal cancer (CRC)
patients according to the expression levels of transgelin-2 (TAGLN2).
The P-value was determined using log-rank testing.

Table 2. Significant prognostic factors by univariate and

multivariate analysis (Cox’s proportional hazards model)

Variable Hazard ratio (95% CI) P-values

Univariate analysis

Histologic grade (Well ⁄ Mod ⁄ Poor) 2.386 (1.283–4.438) 0.006

LN metastasis (N0 ⁄ N1 + N2) 5.300 (2.527–11.113) 0.000

Distant metastasis (M0 ⁄ M1) 13.303 (6.909–25.625) 0.000

TNM stage (I + II ⁄ III + IV) 3.685 (2.068–6.568) 0.000

TAGLN2 expression

(Low ⁄ Moderate ⁄ High)

2.866 (1.921–4.275) 0.000

Multivariate analysis

LN metastasis 2.794 (1.246–6.263) 0.012

Distant metastasis 8.318 (4.119–16.798) 0.000

TAGLN2 expression 1.639 (1.018–2.638) 0.042

CI, confidence interval; LN, lymph node; TAGLN2, transgelin-2.
SLC12A2, and voltage-dependent anion-selective channel pro-
teins 1 and 3 (VDAC1 and VADC3) were all up-regulated in
CRC cells. CLIC1 over-expression modulates cell division and
Zhang et al.
apoptosis, resulting in cellular transformation.(26) The over-
expression of SLC12A2 promotes cell proliferation and corre-
lates with poor differentiation and metastasis of tumor
cells.(15,27) VDACs are essential for mitochondrial-dependent
apoptosis and are found to express at higher levels in cancer
cells.(28) The findings herein suggest that the disorder of ion
transport may be an important factor in CRC carcinogenesis or
progression.

Based on the GO analysis, a large number of the differentially
expressed proteins were unknown, which may provide new
resources for future development of tumor markers. TAGLN2
was significantly up-regulated (four-fold) in CRC and represents
a potential biomarker that has previously not been identified.
TAGLN2 contains a conserved actin-binding domain also
known as the calponin homolog (CH) domain. This indicates
that TAGLN2 may be involved in cytoskeletal organization.(29)

Although the function of TAGLN2 is unknown, there have been
a number of reports concerning the relationship between TAG-
LN2 expression and cancer. Huang et al. reported that TAGLN2
exhibited both an increase in genomic DNA copy numbers and
the up-regulation of transcripts in HCC.(30) Chen et al. observed
a significant increase in TAGLN2 expression in pancreatic can-
cer cells.(12) In addition, transgelin, a homolog of TAGLN2, has
been reported to be up-regulated in some solid tumors including
esophageal squamous cell carcinoma,(31) gastric cancer,(32) and
colon cancer.(33) As such, studies have implied that TAGLN2
may represent a potential tumor biomarker of CRC. Importantly,
TAGLN2 was strongly expressed in CRC cells when compared
with normal mucosa epithelia. As a precancerous disease, colo-
rectal villous adenoma also exhibited higher expression levels of
TAGLN2 (50%), suggesting that TAGLN2 may contribute to
the carcinogenesis of CRC. Higher levels of TAGLN2 expres-
sion were found to be associated with lymph node metastasis,
distant metastasis, advanced clinical stage, and poor survival in
CRC. This indicates that TAGLN2 may represent a new biomar-
ker for predicting progression and prognosis of CRC. The signif-
icant association of TAGLN2 levels with CRC clearly requires
further investigation.

In conclusion, the strategy combining LCM, D0 ⁄ D3 labeling
analysis, and LTQ-FT MS was employed to profile proteomic
changes in CRC cells. Many previously reported potential CRC-
marker proteins were identified and this result supports the strat-
egy employed here for searching for novel biomarkers. More
importantly, this study identified a number of novel differen-
tially expressed proteins in CRC compared with normal mucosa.
In particular, the expression levels of the protein TAGLN2 dif-
fered significantly between the normal and CRC tissues. TAG-
LN2 was further evaluated in a large number of patients and
Cancer Sci | February 2010 | vol. 101 | no. 2 | 527
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was found to represent a potential biomarker in the clinical set-
ting for predicting the progression and the prognosis of CRC.
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Supporting Information

Additional Supporting Information may be found in the online version of this article:

Fig. S1. Laser capture microdissection (LCM)of normal mucosa (a, c, e) and colorectal cancer (CRC) (b, d, f). (a,d) 10-lm frozen sections stained
with hematoxylin–eosin (H&E); (b,e) 10-lm unstained frozen sections before LCM; (c,f) 10-lm unstained frozen sections after LCM. Magnifica-
tion, ·200.

Fig. S2. Quantification. The ratio distribution of all quantified proteins. The y-axis represents the number of the proteins. The x-axis is the ratio of
protein quantity in the colorectal carcinoma (CRC) to normal mucosa using a log2 scale. The ratios of most proteins are distributed around 1.0
(log2 (ratio) = 0), indicating that whole cell proteins of CRC and normal mucosa cells were mixed equally and labeled fully.

Fig. S3. Cellular categorization of differentially expressed proteins based on the annotations of Gene Ontology (GO). (a) Subcellular localization
of the various proteins. (b) Functional distribution of the various proteins.

Table S1. Clinical and pathological data of the 20 colorectal carcinoma (CRC) patients used in the laser capture microdissection (LCM).

Table S2. Clinical and pathological data of the 20 adenomas used in the tissue microarray.
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Table S3. Clinical and pathological data of the 120 colorectal carcinoma (CRC) patients used in the tissue microarray.

Table S4. Significantly differential proteins identified.

Table S5. The IHC results of the tissue microarray analysis for transgelin-2 (TAGLN2).

Table S6. The IHC results for transgelin-2 (TAGLN2) in 20 colorectal carcinoma (CRC) patients for comparative proteomic analysis and eight
hepatic metastases of CRC.
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