
Abstract. Budding or the presence poorly differentiated clusters
at the boundary of cancer tissue is a pathologically important
finding and serves as a prognostic factor in colorectal cancer.
However, few studies have examined the cancer tissue boundary
in clinical samples. The purpose of the present study was to
examine gene expression at the tumor front of colon cancer in
surgically resected samples. Cancer tissues were obtained by
laser microdissection of 20 surgically resected specimens. Genes
with significantly different microarray signals between the tumor
front and the tumor center were identified. Among genes showing
significant up-regulation at the tumor front were six chemokines
[chemokine c-c motif ligand (CCL)2 and -18, chemokine (C-X-C
motif) ligand (CXCL)9-11, and interleukin 8 (IL8)], and two
apoptosis-related molecules [ubiquitin D (UBD) and baculoviral
iap repeat-containing 3 (BIRC3)]. Expression of laminin gamma
2 (LAMC2), matrix metallopeptidase 7 (MMP7) and
epithelial–mesenchymal transition (EMT)-related molecules were
elevated in the tumor front, but their fold changes were smaller
than those of the aforementioned genes. These results suggest
that chemokines, in addition to EMT-related molecules, may play
important roles in invasion of colon cancer.

Budding and the presence of poorly differentiated clusters
scattered in the stroma at the invasive tumor margin are
pathologically important findings as predictors of lymph
node metastasis and poor prognostic factors (1). Few basic
studies have examined the site of cancer invasion, including
budding and poorly differentiated clusters, and screening of
molecular features related to cancer invasion has rarely been
performed in clinical samples (2).

During invasion, cancer cells often change from an
epithelial to a mesenchymal type through a pathway
involving the so-called epithelial–mesenchymal transition
(EMT). Recent studies have shown that this pathway
involves transforming growth factor-beta, epidermal growth
factor and fibroblast growth factor (3). Several studies have
examined the expression status of these molecules at the
tumor front (TF) and have shown elevated expression of
EMT-related molecules (3-5), suggesting that EMT plays a
crucial role in cancer invasion. However, other molecules
whose expression differs at the TF are mostly unknown.
Thus, the goal of the present study was to identify
molecules with differential expression at the TF.

Materials and Methods

Patients. Patients referred to the Department of Surgery, Kyorin
University Hospital between April 2010 and November 2011, aged
50-80 years, had well- or moderately-differentiated adenocarcinoma,
and were scheduled for open laparotomy for colorectal cancer, were
considered eligible for the study. Exclusion criteria included
previous chemotherapy or radiotherapy for any carcinoma and
treatment or history of familial adenomatous polyposis, hereditary
non-polyposis colorectal cancer and inflammatory bowel disease. 

Samples and microdissection. Tissues samples were frozen in OCT
(Sakura Finetek, Tokyo, Japan). The TF was defined as the region
<150 μm from the border of the cancer and the tumor center (TC) was
defined as >500 μm from the border. Cells at the TF and the TC in
cancer tissues and epithelial cells from normal mucosa were obtained
using laser microdissection (Carl Zeiss, Jena, Germany) (Figure 1). 

RNA extraction, reverse transcription and amplification. Total RNA
was isolated using an RNeasy Mini kit (Qiagen, Chatsworth, GA,
USA) and the quality was checked using a Bioanalyzer (Agilent
Technologies, Santa Clara, CA, USA). Only samples with RNA
integrity number >7.0 were used in analysis.

Quantities of RNA were very small; an Ovation Pico WTA
containing oligo dT primer and random primer (Nugen, San Carlos,
CA, USA) and a TaqMan® PreAmp Master Mix (Life Technologies,
Carlsbad, CA, USA) were used for pre-amplification with an
Mx3000P (Agilent Technologies).
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Microarray analysis. Gene-expression profiles at TF and TC of each
patients were determined using Human Gene ST 1.0 (Affimetrix,
Santa Clara, CA, USA). Background subtrac¬tion and normalization
using the robust multi-array average algorithm method was performed
using GeneSpring GX 12 (Agilent Technologies). Fold-change values
for genes were calculated as the ratio of the signal values of the target
site compared with the control site. The Benjamini-Hochberg false-
discovery rate was used for multiple testing corrections. Microarray
data were submitted to the Gene Expression Omnibus with accession
number GSE65480.

Real-time RT-PCR. mRNA expression levels of selected and EMT-
related genes were analyzed with pre-amplified cDNA, Brilliant III®

Fast Master Mix (Agilent Technologies), and Taqman probes
(Applied Biosystems), following the manufacturer’s instructions. β-
Actin (ACTB) expression was used as an internal control and the
fold change of target genes was expressed relative to this control. 

Results

Patients and pathological findings. From April 2009 to
December 2011, 20 patients were recruited into the study
(Table I). Out of these patients, 11 had a poor differentiation
at the TF. There was no significant difference in
clinicopathological findings among cases based on
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Figure 1. Process for obtaining cancer cells from each location by laser microdissection.

Table I. Patients’ characteristics.

Characteristic Number

Age, years Average (range) 68 (55-79)
Gender Male:female 12:08
Location Cecum 3

Ascending colon 3
Transverse colon 4
Descending colon 2
Sigmoidal colon 4
Rectosigmoidal colon 3
Upper rectum 1

Depth T2 mp 5
T3 ss, se 15

Stage I 4
II A 6
II B 0
II C 0
III A 1
III B 4
III C 2
IV A 2
IV B 1

Poorly differentiated Yes 11
at invasive front No 9

mp: Muscularis propria, ss: submucosa, se: serosa.



pathological type, stage, or level of differentiation at the TF.
Site-specific expression at the TF. There were 17 genes with a
fold change of ≥4 in the expression level at the TF with
p<0.001 in microarray analysis. Among these genes, we
focused on those with known functions, including six

chemokines, two apoptosis-related molecules, and two
extracellular matrix and degrading enzymes (Table II).
Elevated expression at the TF in microarray analysis was
confirmed using qPCR for all genes examined (Figure 2a).
Genes with a higher expression at the TF compared to those
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Table II. Microarray data.

Transcript cluster ID Genbank Gene symbol Gene name Fold change p-Value

8006594 Y13710 CCL18 Chemokine C-C motif ligand 18 10.88 0.0002
8101126 BC010954 CXCL10 Chemokine (C-X-C motif) ligand 10 8.878 0.001
8101131 BC012532 CXCL11 Chemokine (C-X-C motif) ligand 11 8.549 0.00025
7951217 BC003635 MMP7 Matrix metallopeptidase 7 8.284 0.003
8124650 AF123050|BC012472|BC051463 UBD|GABBR1 Ubiquitin D 6.853 0.0002
8095680 M17017 IL8 Interleukin 8 5.009 0.002
8101118 BC042178 CXCL9 Chemokine (C-X-C motif) ligand 9 4.878 0.003
7908072 AK296944 LAMC2 Laminin gamma 2 4.462 0.0006
7943413 AF070674 BIRC3 Baculoviral iap repeat containing 3 4.234 0.001
8006433 BC009716 CCL2 Chemokine c-c motif ligand 2 4.091 0.0055

Figure 2. Gene expression at the invasive front determined by microarray analysis and real-time polymerase chain reaction. CCL18: Chemokine 
c-c motif ligand 18; CXCL8-11: c-x-c motif chemokine 8-11; MMP7: matrix metallopeptidase 7 ; UBD: ubiquitin d; LAMC2: laminin gamma 2;
BIRC3: baculoviral iap repeat containing 3; CCL2: chemokine c-c motif ligand.



in the TC also had higher expression in the TF than in normal
mucosa (Figure 2b).

Gene expression of EMT-related molecules at the TF. In
microarray data, expression of markers of increased EMT (6,
7) was higher at the TF than in the TC. In contrast, a marker
for decreased EMT, occludin (OCLN), had a lower expression
at the TF than in the TC, although that for E-cadherin (CDH1)
was not lower at the TF. Of note, none of these genes fulfilled
the criteria of fold change ≥4.0 used for selection of genes
with a significant change of expression level in microarray
analysis (data not shown). These changes in expression levels
were confirmed by qPCR for all genes except CDH1 and
SMAD family member 3 (SMAD3) (Figure 3a). Expression
levels of fibronectin 1 (FN1) and TWIST family BHLH

transcription factor 1 (TWIST1) were increased in cancer
tissues compared to normal mucosa (Figure 3b). 

Discussion

The importance of this study lies in the identification of
genes showing TF-specific changes through screening of
clinical samples. Expression of six chemokines (CCL18,
CXCL9-11, IL8 and CCL2), two apoptosis-related molecules
(UBD and BIRC3), and LAMC2 and MMP7 increased at the
TF. To the best of our knowledge, this study is the first to
identify these molecules as showing changes in expression
at the TF in colon cancer. It is noteworthy that expression
of many chemokines was significantly higher at the TF than
in the TC.
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Figure 3. Comparison of gene expression in normal mucosa and cancer tissue by real-time polymerase chain reaction. Ratios are shown for
expression in cancer tissue to that in normal mucosa. The bars show relative ratios of expression of each gene with the mean standard error.
Expression levels of C-X-C motif chemokine 10 (CXCL10) and matrix metalloproteinase 7 (MMP7) are shown as ratios relative to expression at the
tumor center, since there was almost no expression of these genes in normal mucosa. CDH1: E-cadherin; CDH2: N-cadherin; OCLN: occluding;
CTNNB1: catenin (cadherin-associated protein), beta 1; FN1: fibronectin 1; SMAD3/4: smad family member 3/4; SNAI2: snail family zinc finger
2; TCF3: transcription factor 3: TGFB1-3: transforming growth factor, beta 1; TWIST1: twist family bhlh transcription factor 1; VIM: vimentin;
ZEB1/2: zinc finger e-box binding homeobox 1/2. 



Tissue expression of CCL18 is correlated with prognosis in
colorectal cancer (8), and it has also recently been suggested
to be an inducer of EMT in lung cancer (9). Chemokines
CXCL9-11 act on a common receptor, CXCR3, and increase
the migratory ability of cells (10). Another chemokine, IL2,
also increases the mobility of cancer cells (11). 

In addition, expression of EMT marker molecules also
changed slightly at the TF. Previous studies have shown high
expression levels of β-catenin (12) and laminin-5γ2 (13) and
a low expression level of E-cadherin (14) at the TF. Our
results are mostly consistent with these studies. While
expression of several EMT-related molecules changed in
microarray analysis, they did not fulfill selection criteria
because of the small fold change. Since many molecules
exhibit crosstalk with EMT-related molecules in the EMT
pathway (15), it will be necessary to analyze the association
between chemokines and EMT-related molecules.

The present study has several limitations. Firstly,
contamination with some other cells by laser microdissection
was unavoidable and we could not study interactive effects
with surrounding cancer cells. Secondly, a clear definition of
TF and TC has not been established. We assumed that a
distance of 150 μm was required to ensure that only cancer
cells at the TF were collected because the smallest cancer
ducts were about 50 to 100 μm. We also provisionally
defined the TC as >500 μm from the border because a region
of about three times the area of the TF does not contain TF.

Within these limitations, our results revealed that the
expression of chemokines and EMT-related molecules
changes at the TF, and that these changes are greater for
chemokines. These results suggest that chemokines and
EMT-related molecules play crucial roles in cancer invasion.
Further study is required to clarify the precise mechanism by
which these molecules promote cancer cell invasion.

Conflicts of Interest

The Authors have no conflict of interest.

Acknowledgements

This work was supported by the Japan Society for the Promotion of
Science (Kakenhi grant 21791305 to T. K.).

The Authors thank Professor Sakurai and Dr. Otsuka.

References

1 Schneider NI and Langner C: Prognostic stratification of
colorectal cancer patients: Current perspectives. Cancer Manag
Res 6: 291-300, 2014.

2 Sugiyama Y, Farrow B, Murillo C, Li J, Watanabe H, Sugiyama
K and Evers BM: Analysis of differential gene expression
patterns in colon cancer and cancer stroma using microdissected
tissues. Gastroenterology 128(2): 480-486, 2005.

3 Thiery JP, Acloque H, Huang RY and Nieto MA:
Epithelial–mesenchymal transitions in development and disease.
Cell 139(5): 871-890, 2009.

4 Bronsert P, Enderle-Ammour K, Bader M, Timme S, Kuehs M,
Csanadi A, Kayser G, Kohler I, Bausch D, Hoeppner J, Hopt UT,
Keck T, Stickeler E, Passlick B, Schilling O, Reiss CP, Vashist Y,
Brabletz T, Berger J, Lotz J, Olesch J, Werner M and Wellner
UF: Cancer cell invasion and EMT marker expression: A three-
dimensional study of the human cancer–host interface. J Pathol
234(3): 410-422, 2014.

5 Yusra, Semba S and Yokozaki H: Biological significance of
tumor budding at the invasive front of human colorectal
carcinoma cells. Int J Oncol 41(1): 201-210, 2012.

6 Zeisberg M and Neilson EG: Biomarkers for epithelial-
mesenchymal transitions. J Clin Invest 119(6): 1429-1437, 2009.

7 Voulgari A and Pintzas A: Epithelial-mesenchymal transition in
cancer metastasis: Mechanisms, markers and strategies to
overcome drug resistance in the clinic. Biochim Biophys Acta
1796(2): 75-90, 2009.

8 Yuan R, Chen Y, He X, Wu X, Ke J, Zou Y, Cai Z, Zeng Y, Wang
L, Wang J, Fan X, Wu X and Lan P: CCL18 as an independent
favorable prognostic biomarker in patients with colorectal
cancer. J Surg Res 183(1): 163-169, 2013.

9 Ploenes T, Scholtes B, Krohn A, Burger M, Passlick B, Muller-
Quernheim J and Zissel G: Cc-chemokine ligand 18 induces
epithelial to mesenchymal transition in lung cancer a549 cells and
elevates the invasive potential. PLoS One 8(1): e53068, 2013.

10 Billottet C, Quemener C and Bikfalvi A: Cxcr3, a double-edged
sword in tumor progression and angiogenesis. Biochim Biophys
Acta 1836(2): 287-295, 2013.

11 Wolf MJ, Hoos A, Bauer J, Boettcher S, Knust M, Weber A,
Simonavicius N, Schneider C, Lang M, Sturzl M, Croner RS,
Konrad A, Manz MG, Moch H, Aguzzi A, van Loo G,
Pasparakis M, Prinz M, Borsig L and Heikenwalder M:
Endothelial CCR2 signaling induced by colon carcinoma cells
enables extravasation via the JAK2-STAT5 and P38MAPK
pathway. Cancer Cell 22(1): 91-105, 2012.

12 Brabletz T, Hlubek F, Spaderna S, Schmalhofer O, Hiendlmeyer E,
Jung A and Kirchner T: Invasion and metastasis in colorectal
cancer: Epithelial–mesenchymal transition, mesenchymal-epithelial
transition, stem cells and beta-catenin. Cells Tissues Organs 179(1-
2): 56-65, 2005./

13 Masaki T, Matsuoka H, Sugiyama M, Abe N, Izumisato Y, Goto
A, Sakamoto A and Atomi Y: Laminin-5 gamma 2 chain and
matrix metalloproteinase-2 may trigger colorectal carcinoma
invasiveness through formation of budding tumor cells.
Anticancer Res 23(5b): 4113-4119, 2003.

14 Nanashima A YH, Sawai T, Yasutake T, Tsuji T, Jibiki M,
Yamaguchi E, Nakagoe T and Ayabe H: Expression of adhesion
molecules in hepatic metastases of colorectal carcinoma:
Relationship to primary tumours and prognosis after hepatic
resection. J Gastroenterol Hepatol 14(10): 1004-1009, 1999.

15 Lindsey S and Langhans SA: Crosstalk of oncogenic signaling
pathways during epithelial-mesenchymal transition. Front Oncol
4: 358, 2014.

Received September 20, 2015
Revised October 16, 2015

Accepted October 26, 2015

Kobayashi et al: Heterogeneity and EMT of Cancer

6581


