
MOLECULAR MEDICINE REPORTS  14:  2555-2565,  2016

Abstract. The present study aimed to observe the varying 
expression of biomarkers in the microenvironment adjacent to 
colorectal cancer lesions to provide additional insight into the 
functions of microenvironment components in carcinogenesis 
and present a novel or improved indicator for early diagnosis 
of cancer. A total of 144 human samples from three different 
locations in 48 patients were collected, these locations were 
10, 5 and 2 cm from the colorectal cancer lesion, respectively. 
The biomarkers analyzed included E‑cadherin, cytokeratin 18 
(CK18), hyaluronidase‑1 (Hyal‑1), collagen type  I (Col‑I), 
Crumbs3 (CRB3), vimentin, proteinase activated receptor 3 
(PAR‑3), α‑smooth muscle actin (α‑SMA), cyclin D1 (CD1) 
and cluster of differentiation (CD)133. In addition, crypt 
architecture was observed. Related functional analysis of 
proteins was performed using hierarchical index cluster 
analysis. More severe destroyed crypt architecture closer to 
the cancer lesions was observed compared with the 10 cm 
sites, with certain crypts degraded entirely. Expression levels 
of E‑cadherin, CK18, CRB3 and PAR‑3 were lower in 2 cm 
sites compared with the 10 cm sites (all P<0.001), while the 
expression levels of the other biomarkers in the 2 cm sites were 
increased compared with 10 cm sites (all P<0.0001). Notably, 
the expression of CK18 in 2 cm sites was higher than in the 
5 cm site (P<0.0001), which was different from the expres-
sion of E‑cadherin, CRB3 and PAR‑3. The expression levels 
of Hyal‑1 and Col‑I at the 2 cm sites were lower than that of 
the 5 cm sites (P>0.05 and P=0.0001, respectively), while the 
expression of vimentin, α‑SMA, CD1 and CD133 were not. 
Hyal‑1 and Col‑I may be independently important in cancer 

initiation in the tumor microenvironment. The results of the 
present study suggest that the biomarkers in the tissue micro-
environment are associated with early tumorigenesis and may 
contribute to the development of carcinomas. These observa-
tions may be useful for early diagnosis of colorectal cancer.

Introduction

Somatic mutations have been demonstrated to be major factors 
in cancer development and progress, resulting in cell prolifera-
tion, tissue invasion, and an increased risk of metastasis (1). 
Increasing evidence indicates that the behavior of tumor cells is 
also influenced by their surrounding microenvironment, thus, 
a theory first presented in 1889, the ‘seed and soil’ hypothesis, 
has refreshed the view of tumorigenesis  (2). Tumors have 
been demonstrated to be organ‑like structures composed of 
various cell types whose interactions are crucial for driving 
and promoting tumor development and progression (3). As 
evidenced in the early literature, an aberrant microenviron-
ment contributes to tumor initiation (4). Solid tumors are in 
synergy with their surrounding microenvironment to promote 
tumor growth and metastasis. Thus, targeting tumor cells and 
components in the microenvironment may provide a more 
effective method of early diagnosis and prevention of cancer. 
Improved understanding of the cancer microenvironment and 
its components allows further elucidation of the mechanisms 
underlying carcinogenesis in a novel.

Regulation of normal physiological processes during 
development of tumors may be destroyed and normal struc-
tures of cells, including apical‑basal polarity, are lost (5). It 
is well known that cell polarity is vital to tissue homeostasis, 
thus, lost normal cell polarity promotes the initiation and 
progression of multiple cancer types (5). Common markers 
of polarity include E‑cadherin  (6), Crumbs3 (CRB3)  (7,8) 
and proteinase activated receptor 3 (PAR‑3) (8), they function 
in tumorigenesis and cell migration and these markers were 
detected in the current study.

Cancer cells develop and progress in an aberrant micro-
environment that favors growth and progression, and changes 
in the extracellular matrix (ECM) are one of numerous 
components that contribute to carcinogenesis (9). Abnormal 
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tumor microenvironment (TME) consists of aberrant ECM 
components, including collagens, hyaluronic acid, and various 
cells, including fibroblasts, myofibroblasts, macrophages, 
lymphocytes and endothelial cells, these components are key 
in the initiation and progression of cancer (10‑13). The ECM 
comprises a variety of proteins that contribute to the stability 
of tissue structure and physiological functions. Collagen type I 
(Col‑I) is a major ECM protein (14), thus, it was selected to be 
investigated in order to elucidate the role of the ECM in cancer 
development. The current study also examined the expression 
levels of hyaluronidase‑1 (Hyal‑1), a major tumor‑derived hyal-
uronidase (15). Dysregulation of different ECM components 
may favor the neoplastic process (16). Various cells, belonging 
to the ECM, are also important in tumor initiation and progres-
sion. α‑Smooth muscle actin (α‑SMA) is a common marker for 
myofibroblasts (17) and cyclin D1 (CD1) is considered to be an 
oncogenic marker in a number of types of human cancer (18). 
Cluster of differentiation (CD)133 is a marker for adult stem 
cells in various types of tissue and tumors (19). Vimentin is an 
intermediate filament of mesenchymal tissue (20), and, simi-
larly to cytokeratins (CKs), are markers of epithelial cells or 
epithelial cancer (21). These markers were investigated in the 
present study in order to analyze the importance of different 
cell types and proteins in the ECM on carcinogenesis.

The current study analyzed the expression levels of 
different components in the tissue microenvironment 
adjacent to colorectal cancer (CRC) lesions using immunohis-
tochemistry (IHC) to investigation their association with early 
tumorigenesis. IHC, which is widely used in clinical cancer 
diagnostics, can preserve the morphology of tissue structures 
and demonstrate protein expression in various cell populations 
of complex tissues. For analysis of the process of cancer devel-
opment, samples of different distances from the CRC lesion 
were collected.

Materials and methods

Sample collection. A total of 48  patients (age range, 
49‑73 years old) undergoing colonoscopic polypectomy in The 
First Affiliated Hospital of Guangzhou University of TCM 
(Guangzhou, China) between September 2013 and October 
2014 were enrolled in the present study. Patients who had 
undergone neoadjuvant chemotherapy or radiotherapy were 
excluded from the study. Samples were collected from three 
different sites from each patient, and termed No. 1, No. 2 and 
No. 3, which were ≥10 cm, 5 cm and ≤2 cm distance from the 
proximal lesion of CRC tissue, respectively (Fig. 1). A total of 
144 samples were collected. Informed consent was obtained 
from all participants and the present study was approved by 
the Institutional Ethics Committee of Guangzhou University 
of Chinese Medicine. The current study was performed in 
accordance with the ethical guidelines of the Declaration of 
Helsinki.

Hematoxylin and eosin staining of colonic crypts. The 
collected tissues were fixed with 4% paraformaldehyde, and 
then paraffin‑embedded samples were cut into 4‑µm sections. 
After 10 min and 3 min treatments with dimethylbenzene and 
ethanol, respectively, the sections were stained with hematox-
ylin for 10 min, and subsequently with 0.5% eosin for 3 min, 

and then again treated with ethanol. The sections were sealed 
with neutral gum and observed for obtaining images with an 
inverted phase contrast microscope (Olympus).

IHC staining. The primary antibodies used in the IHC staining 
in the present study were as follows: Rabbit polyclonal against 
E‑cadherin (Abcam, Cambridge, MA, USA; cat. no. ab15148), 
rat monoclonal against CRB3 (Abcam; cat. no. ab180835), 
rabbit monoclonal against α‑SMA (Abcam; cat. no. 124964), 
rabbit polyclonal against PAR‑3 (Bioss, Inc., Woburn, MA, 
USA; cat. no. bs‑9510R), rabbit polyclonal against Hyal‑1 
(Abcam; cat. no. ab103977), mouse monoclonal against Col‑I 
(Abcam; cat. no. ab6308), rabbit polyclonal against cytoker-
atin 18 (CK18; Bioss, Inc.; cat. no. bs‑1339R), rabbit polyclonal 
against vimentin (Bioss, Inc.; cat. no. bs‑8533R), rabbit poly-
clonal against CD1 (Bioss, Inc.; cat. no. bs‑0623R) and rabbit 
polyclonal against CD133 (Bioss, Inc.; cat. no. bs‑0395R). 
Biotin‑conjugated goat anti‑rabbit (Wuhan Boster Biological 
Technology, Ltd., Wuhan, China; cat. no. SA1022), horse-
radish peroxidase‑conjugated goat anti‑mouse (Wuhan Boster 
Biological Technology, Ltd.; cat. no. BA1051) and anti‑rat 
(Wuhan Boster Biological Technology, Ltd.; cat. no. SA1025) 
secondary antibodies were used.

All the biomarkers in the tissue samples were detected using 
IHC. Specimens were confirmed by hematoxylin and eosin 
staining of the sections. Formalin‑fixed, paraffin‑embedded 
sections (4‑µm) were deparaffinized in xylene, rehydrated 
in graded alcohol and rinsed in phosphate‑buffered saline 
(PBS). Endogenous peroxidase activity was blocked with 3% 
hydrogen peroxide in methanol for 20 min. Epitope retrieval 
was performed in citrate buffer for 5 min at 100˚C. Slides 
were blocked in 5% bovine serum albumin (Sigma‑Aldrich, 
St. Louis, MO, USA) for 2 h at 37˚C. Slides were incubated 
with the primary antibodies (1:100) at 4˚C overnight, washed 
with PBS 0.05% Tween 20, and then incubated with secondary 
antibodies (1:1,000) at 37˚C for 30 min, prior to staining with 
diaminobenzidine, counterstaining with hematoxylin, dehy-
drated, coverslipped and then imaged using an inverted phase 
contrast microscope.

For immunostaining intensity, the staining was scored by 
two pathologists from 0 to 3 (0, negative; 1, weak staining; 2, 
moderate staining; and 3, strong staining). The percentage of 
reactivity area was scored as follows: 1, <25%; 2, 25‑50%; 3, 
51‑75% and 4, >75%. Immunoreactive score was calculated by 
multiplying the scores of intensity and the scores of reactivity 
area. Immunoreactive score was classified into four degrees: 
Negative, 0, weak, 1‑4, moderate, 6‑8, and strong, 9‑12. The 
reactivity of all the markers was evaluated using an immuno-
reactive score.

PBS was used in place of the primary antibodies in 
each sample to serve as a negative control. Pathology image 
analysis software, IPP 6.0 (Media Cybernetics, Inc., Rockville, 
MD, USA), was applied to detect absorbance value (A) of the 
immune‑positive product in each group. A total of six fields 
from each slide were randomly measured using value A of the 
same slide as a standard in order to obtain the corrected A 
(CCA) value of the sample. This was obtained subtracting 
the A value of the standard from the A value of the immu-
noreaction product producing the real optical density of the 
positive reaction, and the mean of six fields served as the mean 
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CCA value of each sample. To avoid unnecessary error due 
to non‑specific staining, data analysis and comparison was 
conducted using the mean CCA value. These data were used 
to perform related functional analysis using hierarchical index 
cluster, as described previously by with Knösel et al (22), using 
GenePix Pro software (version 6.0; Molecular Devices, LLC, 
Sunnyvale, CA, USA).

Statistical analysis. All data were analyzed using Stata 12.0 
(StataCorp LP, College Station, TX, USA) software. The 
CCA values are presented as the mean ± standard deviation. 
One‑way analysis of variance was conducted to accomplish 
the comparison among the three groups, assuming that the 
data were normally distributed, with post‑hoc least signifi-
cance difference test. Non‑parametric rank sum tests were 
performed when data were not normally distributed. P<0.05 
was considered to indicate a statistically significant differ-
ence.

Results

Observation of crypt structures demonstrated the degrada‑
tion of normal colonic crypt architecture. Colonic crypts 
are stereotypical structures containing distinct stem cell 
proliferating, and stem cell differentiating compartments (23). 
Generally, although CRC derives from colonic crypt epithelia, 
it exhibits morphologically disarrayed glands (24). Thus, aber-
rant crypt foci (ACF) may be an early indicator of colon cancer 
development (25). The size and number of ACF is considered 
to be associated with CRC development.

In the current study, the crypts were vertically cut to 
observe histopathological characteristics of normal colon 
crypts (Fig. 2). The results indicated that the colon crypts 
without branching or protuberances presented a test‑tube 
shape and smooth in surface (stained with hematoxylin and 
eosin; Fig. 2‑A1). The crypt structures in sample No. 2 were 
larger than in sample No. 1. Compared with sample No. 1, the 
shape of crypts in sample No. 2 were lost (Fig. 2‑A2), which is 
consistent with previous data demonstrating marked discrep-
ancies from normal colonic crypt architecture (23).

Expression of biomarkers in tissue microenvironment differed 
with sample location. Increasing evidence demonstrates that 
genetic aberrations in cancer cells are key in the pathophysi-
ology of cancer, however, the crosstalk among cancer cells, 
non‑malignant cells, cytokines, growth factors and other 
participants in the TME (26). In all sections that were exam-
ined, the presence of E‑cadherin, CRB3, PAR‑3, Col‑I, Hyal‑1, 
CD1, CD133, vimentin, CK18 and α‑SMA were observed by 
IHC (Figs. 3 and 4). The expression of E‑cadherin, CRB3 and 
PAR‑3 in No. 1 and No. 2 was significantly higher than in No. 3 
(P<0.05), and the majority of the expression was observed in 
the membrane of crypt cells (Fig. 2).

E‑cadherin is a marker of epithelial‑mesenchymal transi-
tion (EMT) (27), and it contributes to the development and 
metastasis of cancer, as decreased expression levels are 
observed in cancer tissues, it is considered an inhibitor of 
EMT (28). E‑cadherin expression is regulated by a variety 
of protein molecules, including osteopontin (OPN) (29), and 
N‑Myc downstream‑regulated gene 2 (NDRG2)  (30). An 

in vitro model demonstrates that ectopic expression of the 
onco‑protein OPN induced colorectal cancer cell migration 
via E‑cadherin repression (29), which may elucidate an under-
lying mechanism for the decreased expression of E‑cadherin 
in sample No. 3. However, NDRG2, a differentiation‑asso-
ciated tumor suppressor, positively regulates the expression 
of E‑cadherin (30). This suggests E‑cadherin regulation is 
mediated by positive feedback and negative feedback through 
different signaling pathways.

Three evolutionary conserved polarity complexes, the 
Scribble, PAR and CRB complexes act as regulators of 
apical‑basal polarity, however, tight junction integrity is 
predominantly maintained by the CRB and PAR polarity 
complexes (31). When normal tissues undergo canceration, 
cell polarity is also altered. For example, immortal neonatal 
mouse kidney epithelial cells with tumorigenicity exhibited 
repressed CRB3, associated with disruption of tight junctions 
and apicobasal polarity, in addition to promoting migration 
and metastasis (32). PAR‑3, a PDZ protein, involved in the 
formation of junctional complexes in epithelial cells (33), has 
been observed in the distal resection margin of rectal cancer 
in a similar study that demonstrated that samples taken 3 cm 
from the tumor tissues had marked expression of PAR‑3, 
while expression in the samples taken 2 cm away and in the 
tumor samples was relatively weak (34), which is consistent 
with the results of the present study. Interaction of PAR‑3 and 
other proteins is frequently observed. T‑lymphoma invasion 
and metastasis‑inducing protein 1 (Tiam1) and its interactor 
β2‑syntrophin are required for optimal cell‑cell adhesion, 
notably, the repression of Tiam1‑Rac activity by PAR‑3 facili-
tates tight‑junction assembly (35), in addition to the interaction 
of PAR‑3 and CRB3 (8) suggesting that the two proteins may 
have similar functions in a synergetic manner, as demonstrated 
in the present study, which demonstrated that the expression 
levels of the two proteins were associated (Fig. 5).

By contrast, the expression levels of Col‑I, Hyal‑1, CD1, 
CD133, vimentin and α‑SMA in samples No. 2 and No. 3 were 
significantly higher than in sample No. 1 (P<0.05). However, 
the expression profile of CK18 was different, in samples 
No. 2 and No. 3 its expression was lower than in sample No. 1 
(P<0.05). Downregulation of CK18 was also demonstrated 
in the CRC SW480 cell line (36) and 468 CRC samples (22). 
The above results and functional cluster analysis, as presented 
in Figs. 5 and 6 suggests CK18 and CRB3 may have certain 
similar but not identical regulatory mechanisms. Furthermore, 
the expression levels of CK18, CD1, vimentin and α‑SMA were 
observed in mesenchymal tissue and CD133 was predomi-
nantly distributed in the crypt (Fig. 3).

Vimentin, a mesenchymal marker, is notably increased 
in CRC, accompanied by reduced epithelial markers, 

Figure 1. Sampling methods in the present study. Samples No. 1, No. 2 
and No. 3 were ≥10 cm, 5 cm and ≤2 cm from the proximal location of the 
colorectal cancer lesion, respectively).
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E‑cadherin and β‑catenin, and is associated with regulation 
of dachshund homolog 1 (DACH1), a tumor suppressor (37) 
whose inhibition markedly increases cell growth, migration 
and invasion of SW480 cells. Its expression is also associ-
ated with proline rich 11, a newly identified oncogene that 
is overexpressed in colorectal cancer (38). In addition to the 
regulation of DACH1, the regulator transforming growth 
factor‑β (TGF‑β), a factor in microenvironment, also exerts 
an effect on vimentin. For example, in an in  vitro study, 
TGF‑β1 reduces E‑cadherin expression and increases the 
vimentin expression (39). A previous study has demonstrated 
that vimentin is induced by Bcl‑2‑like protein 2 a pro‑survival 
protein, via activating the transcription factors, β‑catenin, 
Twist‑related protein 1 and zinc finger protein Snai1 (40). 
Together with the above data, this suggests that vimentin 
is an important mediator of multiple signal proteins, thus 
exerting a vital effect in tumorigenesis.

CD133 also has a close association with vimentin, and is 
emerging as a marker of cancer stem cells (CSCs) (19). As 
presented in Figs. 3, 5 and 6, they have the similar profiles 
of expression, suggesting that they may have similar roles in 
cancer. However, CD133 is markedly affected by micromilieu, 
including hypoxia in TME (19). In CRC cell lines, down-
regulated CD133 expression is observed at 0.1% oxygen (41), 
consistent with an emerging hypothesis that CD133 is predom-
inantly located in the inner core of the cancer mass (42) in 
which the hypoxic environment is located. Regulation of stem 
cell state is dynamic with the environment, as demonstrated 
in the present study where CD133 expression in sample No. 3 
is increased. In addition, CD133 expression is also associated 
with EMT as previously demonstrated in a highly migratory 
subclone of the Capan‑1 pancreatic cancer cell line (43).

Stromal cells in the TME, including fibroblasts contribute to 
human cancer cell engraftment and cancer progression (44). In 

Figure 2. Staining of crypt structures. (A) Hematoxylin and eosin staining of samples no. 1, 2 and 3 (left to right). Arrows indicate the locations of aberrant 
crypt foci. Protein expression levels of (B) E‑cadherin, (C) Crumbs3 and (D) proteinase activated receptor 3 demonstrated by immunohistochemical staining 
in samples no. 1, 2 and 3 (left to right).

  A

  B

  C

  D
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the TME, interaction of activated cancer‑associated fibroblasts 
(CAFs), with α‑SMA as a characteristic marker, and tumor 
cells promotes the production of CSCs exhibiting multipo-
tency, indefinite self‑renewal and asymmetric cell division (19), 
resulting in growth of cancer masses and cancer progression. 
This underlies CD133 being predominantly observed in ACF.

Snail1, a transcriptional factor that is important in EMT, 
is upregulated in CAFs and is associated with α‑SMA (45). 

Researches have found that Snail1 is required for the pro‑tumor-
igenic effects of activated fibroblasts on CRC cells (45). In 
addition, the presence of α‑SMA expression at E‑cadherin 
downregulated sites is demonstrated by IHC staining (46), 
consistent with the present study as α‑SMA expression in 
samples No. 3 and No. 2 were increased compared with sample 
No. 1, which implies activation of fibroblasts and induction of 
EMT.

Figure 3. Expression levels of CD1, CD133, CK18, α‑SMA and vimentin indicated by immunohistochemical staining. Expression levels of (A) CD1, (B) CD133, 
(C) CK18, (D) α‑SMA and (E) vimentin, in samples no. 1, 2 and 3 (left to right). CD1, cyclin D1; CD133, cluster of differentiation 133; CK18, cytokeratin 18; 
α‑SMA, α‑smooth muscle actin.

  A

  B

  C

  D

  E
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CD1 is a positive cell cycle regulator involved in G1/S and 
G2/M checkpoint transitions, resulting in CRC cell prolif-
eration (47), and is positively regulated by transcription factor 
paired box 2 via activator protein 1 (48) and by β‑catenin (49). 
Increased expression of CD1 is observed in tumor tissues. 
However, its upregulation was also observed in precancerous 
lesions in the present study, suggesting that CD1 may serve as a 
pro‑oncogene via interaction with oncogene c‑Myc and associ-
ated signals involving phosphoinositide 3‑kinase/Akt/glycogen 
synthase kinase‑3β signaling (49,18).

The current study demonstrates that Col‑I and Hyal‑1 expres-
sion was predominantly distributed in the connective tissues 
(Fig. 4). Col‑I is secreted from activated hepatic stellate cells, 
and it is considered to be associated with EMT (46). A previous 
study has demonstrated that Col‑I may interact with integrin 
αvβ8 leading to the upregulation of the latter, and resulting 
in proliferation and invasion of carcinoma cells via activation 
of the mitogen‑activated protein kinase kinase/extracellular 
signal‑regulated kinase signaling pathway (50). There are fewer 
similar studies investigating the role of Hyal‑1 in colorectal 
cancer is relatively few, however, notably, a previous study 
suggests that reduced Hyal‑1 is observed in human endometrial 
cancer and is associated with cancer progression involving 
a possible mechanism involving reduced E‑cadherin expres-
sion (51). In addition, Hyal‑1 expression is likely to be dependent 
on cancer types (51), consistently with this previous study, the 
expression profile of Hyal‑1 was the same as E‑cadherin in 

samples No. 1 and No. 2, however, it was different in sample 
No.  3, which suggests Hyal‑1 expression in pre‑malignant 
tissues is not regulated via the above mechanism.

Related function analysis using hierarchical index cluster 
indicated the importance of Col‑I and Hyal‑1 in tumorigen‑
esis. For functional analysis of the proteins, index clustering 
was used. As presented in Fig. 6, all these protein molecules 
mentioned were divided into two large groups, one containing 
Hyal‑1 and Col‑I, and the other containing was the other inves-
tigated proteins. From this clustering, it can be determined that 
certain proteins may have the same, similar or synergetic func-
tions during canceration, in addition to the same or similar 
regulatory mechanisms. For example, E‑cadherin upregula-
tion, and downregulation of vimentin, cyclin‑D1, and α‑SMA 
are mediated by microRNA‑494 in breast cancer cells (52).

Cell polarity, an essential feature in eukaryotic cells, is the 
determinant of cellular morphology. It is important in asym-
metric division and tight junctions. Disrupted polarity is also 
considered to be a characteristic of cancer (53).

Hyal‑1 and Col‑I are key in tumorigenesis. Col‑I is 
produced by fibroblasts  (54), remodeling of the ECM may 
result in a pre‑cancerous niche, which could lead to a chronic 
stress escape strategy (CSES) during carcinogenesis. The 
terminal consequence is a normal‑cell to cancer‑cell transi-
tion (1). Notably, the TME and ECM must generate conditions 
in favor of metastatic cancers proliferation at certain locations 

Figure 4. Expression of Col‑I and Hyal‑1 in three locations as demonstrated by immunohistochemical staining. Expression levels of (A) Col‑I, (B) Hyal‑1 in 
samples no. 1, 2 and 3 (left to right), and (C) negative staining in three locations as a negative control. Col‑I, collagen type I; Hyal‑1, hyaluronidase 1.

  A

  B
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but not at others (55). The expression of the Hya1‑1 and Col‑I 
presents different profiles in different sites, which suggests, 
together with the functional analysis, that Hyal‑1 and Col‑I 
may be important in tumorigenesis.

Discussion

There is an emerging hypothesis that tumors function as a 
complex organ similar to normal tissues. The various cell types 
and components of surrounding tumor microenvironment are 
involved in tumorigenesis  (56). Phenotypic and epigenetic 
changes have been observed in the cells and the stroma during 
tumor initiation and progression. The microenvironment, or 
niche, in tumor tissue is suggested to provide essential support 
for the aberrant growth of tumor stem cells (57). Cells are 
associated with the surrounding environment and stroma are 
associated with the basal membrane from which information 
can be transmitted and processed (55).

The asymmetrical distribution of cell polarity divides the 
cellular domains into different structural and functional areas 
in which cells can interact with surrounding extracellular 

environments. Cell polarity is key for controlling cell behavior 
and loss of cell polarity promotes tumor initiation. E‑cadherin, 
which localizes at the lateral membrane, is vital to the forma-
tion of the adherens junctions. However, CRB3 is located in the 
apical pole and its loss contributes to phenotypic changes, such 
as EMT. Lateral growth factor receptors are exposed to apical 
ligands following downregulation of CRB3 and disruption of 
tight junctions. This process may deregulate cell growth and 
promote proliferation. Furthermore, decreased CRB3 may 
alter cellular behaviors contributing to motility and migra-
tion (58). Tight junctions separate the basolateral and apical 
cellular domains in epithelial cells vital for establishing and 
maintaining cell morphology. PAR‑atypical protein kinase C 
complex is recruited to the cell cortex from the cytoplasm 
during the formation of tight junctions (59). PAR3 combines 
the junctional adhesion molecules, including junctional adhe-
sion molecule‑1 and nectin (60,61). Cell polarity is important 
in the maintenance of normal crypt organization and structure. 
Downregulation of E‑cadherin, CRB3 and PAR3 in sample 
No. 3 suggests that polarity proteins may promote tumorigen-
esis in human carcinomas via controlling cell behavior.

Figure 5. CCA value of ten biomarkers in samples No. 1, No. 2 and No. 3. Demonstrated by the CCA value, the expression levels of E‑cadherin, CK18, 
Crumbs‑3 and Par‑3 in sample No. 3 were lower compared with sample No. 1 (P<0.05). The expression of CK18 in sample No. 2 was lower than in sample No. 
3 (P<0.0001). The expression levels of Hyal‑1, Col‑I, vimentin, CD1, CD133 and α‑SMA in sample No. 3 were higher than in sample No. 1 (P<0.05), however, 
the expression levels of Hyal‑1, Col‑I, α‑SMA in sample No. 3 were lower than that in sample No. 2, the result for Hyal‑1 was not significant. CCA, corrected 
absorbance value; CK18, cytokeratin 18; Par‑3, proteinase activated receptor 3; Hyal‑1, hyaluronidase 1; Col‑I, collagen type I; CD1, cyclin D1; CD133, cluster 
of differentiation 133; α‑SMA, α‑smooth muscle actin. 
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In the progression of cancer, the expression of ECM 
components is upregulated, downregulated or lost, promoting 
tumor initiation and progression. ECM is important in cell 
growth and interaction. Cell‑cell and cell‑ECM interaction 
is involved in tumorigenesis. Cell‑cell communication in 
microenvironment is necessary for morphogenesis, cell 
differentiation, homeostasis, cell growth, and cell‑cell inter-
action. Notably, cell‑cell communication is described as ‘the 
music that the nucleus hears’ and, the health of the organism 
is likely to be damaged by aberrant cell‑cell communica-
tion (62).

Hyaluronan is key in cancer development and 
tumorigenesis, including tumor growth, infiltration and 
angiogenesis  (63,64). Hyal‑1 is a primary tumor‑derived 
enzyme expressed by various different types of tumor cell. 
Hyaluronan interacts with other proteoglycans to maintain 
the structural integrity required in tissue homeostasis. 
Hyaluronan contributes to basic cellular behavior, such as 
cell adhesion, cell recognition and cell migration  (65,66). 
Thus, hyaluronan is important in tissue morphogenesis, 
tissue remodeling and tumor growth. In CRC, hyaluronan 
promotes tumor cell migration and proliferation. It may also 
stimulate anchorage‑independent growth and protect against 
immune surveillance  (67). Furthermore, tumor cells may 
be more aggressive to invade into surrounding tissues with 
hyaluronan‑rich ECM. Hyaluronidases have been reported to 
function like tumor inhibitors in vivo (68). Collagens are part 
of connective tissues and the predominant component of the 
ECM. They have a marked effect on structural stability and 
integrity. Degradation of collagen and aberrant metabolism 
are important in tumorigenesis. Collagens contribute to tissue 
repair and regeneration by their binding capacity with other 
growth factors, including hepatocyte growth factor (69‑73). 
In numerous types of malignant tumor, including colorectal 
adenocarcinoma, Col‑I and III are the primary components of 
ECM. Increased Col‑I has been demonstrated to be associated 
with tumor malignancy (74). Increasing expression of Hyal‑1 
and Col‑I from sample No. 1 to sample No. 3 in the present 

study also indicates these may promote tumor initiation and 
progression.

Fibroblasts and myofibroblasts produce the increased 
quantity of collagen in cancer  (75). Myofibroblasts and 
abnormal fibroblasts are recruited during tumorigenesis, 
promoting tumor cell proliferation, angiogenesis, and 
metastasis. Cancer‑associated fibroblasts (CAFs) are also 
important in the tumor microenvironment, functioning in 
cancer initiation and progression, which has been previously 
investigated (76). α‑SMA is a common marker for detecting 
the expression of myofibroblasts and vimentin. Furthermore, 
vimentin enhances motility. The tumor size and growth 
rate of MCF7 breast cancer cells suspended in fibroblast 
conditioned medium were increased, demonstrating that 
the soluble factors secreted by fibroblasts may contribute to 
tumor progression (77). A large number of CAFs, distinct 
from normal fibroblasts, exist in the cancer microenviron-
ment. TGF‑β and hepatocyte growth factor secreted by CAFs 
promote EMT and tumor metastasis. In addition, the transi-
tion from one cell function to another, or the transition of one 
cell type to another appears to be a routine event rather than 
a rare one. EMT can induce non‑cancer stem cells to become 
cancer stem cells (78). Colorectal cancer stem cells are a small 
subpopulation of tumor cells that have been proposed to be 
tumor‑initiating cells in CRC (79). Furthermore, CAFs stimu-
late tumor cell proliferation directly by secreting a variety of 
growth factors, hormones and cytokines (80). A number of 
these secreted factors promote transformation of epithelial 
cells. The expression levels of α‑SMA and vimentin were 
upregulated in samples No. 2 and No. 3 suggesting that myofi-
broblasts and fibroblasts served as positive factors in tumor 
initiation. CD1, an important regulator of the G1‑ to S‑phase 
transition and cell proliferation (81), has been reported to be 
important in cancer progression (82). CD1 is also considered 
to be an oncogenic marker in a number of types of human 
cancer. CD133 has been identified as a biomarker for cancer 
stem cells, which can promote tumorigenesis, tumor cell 
proliferation, differentiation, metastasis, self‑renewal and 

Figure 6. Heatmap of biomarker expression in the present study according to the CCA value of samples No. 1, No. 2 and No. 3. The heatmap diagram indicates 
the result of the two‑way hierarchical clustering of markers and samples. Each row represents a marker and each column represents a sample. The marker 
clustering tree is presented on the right, and the sample clustering tree at the top. Cluster analysis arranges samples and markers into groups based on their 
CCA values, which allows formation of hypotheses regarding the association between markers and samples. The color of each pattern indicates the CCA value, 
green to red is ‑0.8 to 1.0. CCA, corrected absorbance value; α‑SMA, α‑smooth muscle actin; CD1, cyclin D1; CD133, cluster of differentiation 133; PAR‑3, 
proteinase activated receptor 3; Col‑I, collagen type I; Hyal‑1, hyaluronidase 1.
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treatment resistance. The results of the present study demon-
strated that expression of CD1 and CD133 was increased in 
sample No. 3 compared with No. 1 and No. 2, indicating that 
they may be important indicators for colorectal cancer.

It has been increasingly recognized that ECM regulates 
gene expression by cell surface integrin receptors (83,84). 
Intermediate filaments are transducers between cell surface 
integrins and nuclei  (85,86). Integrins with bidirectional 
communicating features mediating the information exchanged 
between cells and their surrounding components allow a flow 
of information in two directions, enabling the signal transduc-
tion of bidirectional information exchange between the ECM 
and the cell (87,88). CK18 is the predominant intermediate 
filament protein of epithelial cells and epithelial‑derived 
tumors, accounting for ~5% of the total cell protein. CK18 
promotes cellular collapse and apoptosis. The potential of 
increased CK18 as a marker for CRC has been tested by 
qPCR in CRC tissue samples (89). The loss of epithelial CK18 
and the overexpression of vimentin in sample No. 3 indicates 
that EMT may be occurring during tumorigenesis.

In conclusion, to the best of our knowledge, the present 
study indicates that co‑evolution of a tumor and its microen-
vironment occurs spontaneously in human colorectal cancer. 
Targeting the components of the cancer microenvironment 
may be a potential approach for cancer diagnosis and preven-
tion. Future investigations in this field should aim to integrate 
tissue culture studies and analyses in animal models repre-
senting early stages of cancer development. The present study 
increases the understanding of communication within the 
cancer microenvironment, which may aid the development of 
early diagnosis or preventive strategies based on this.
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