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Abstract. Galanin (GAL) is a 30-amino acid neuropeptide that 
is expressed in both the central and peripheral nervous system, 
including the enteric nervous system (ENS). Increased GAL 
concentrations have been identified in the blood of colorectal 
cancer (CRC) patients. The aim of the present study was to 
assess whether sections of the colon wall containing ENS 
plexuses or CRC tumor are associated with increased GAL 
concentrations. Blood samples were collected from 68 CRC 
patients and 39 healthy volunteers. In addition, samples of 
CRC tumors and colon wall tissue in close proximity to and 
distant from the neoplastic tissue were obtained from 22 CRC 
patients. The GAL concentration of sera and tissue homog-
enates obtained from three sections of the colon wall (mucosa 
with submucosa, muscularis externa and CRC tumor) was 
analyzed by ELISA. The localization of GAL was evaluated 
using immunohistochemistry and morphometry was used to 
measure the distribution of GAL‑immunoreactive (GAL-Ir) 
myenteric plexuses in the vicinity of cancer invasion and in 
sections of the colon wall distant from the tumor. The GAL 
serum concentration of CRC patients was 2.4 times higher 
than that of the control group. The GAL concentration was 
highest in the homogenates of neoplastic tissue and mucosa 
obtained from the control (distant) section of the intestinal 
wall, followed by that in the mucosa and muscularis externa 
proximal to the tumor. The lowest GAL concentrations were 
identified within the muscular layer of the colon wall located 
distant from the tumor. Strong GAL immunoreactivity was 
identified in the cancer cells, intestinal epithelium and the 
submucosal and myenteric plexuses. Morphometric analysis 
revealed that the GAL-Ir myenteric plexuses in the vicinity of 
tumor infiltration were significantly smaller in size than those 

in the intact section of the large intestine. Furthermore, no 
associations were identified between the clinicopathological 
characteristics of CRC patients and GAL serum and tissue 
concentration. The increased GAL serum concentrations 
observed in CRC patients in comparison to healthy controls 
may result from GAL secretion by CRC tumors, however, 
other sources of GAL cannot be excluded. The atrophy of 
myenteric plexuses within close proximity to the tumor may 
affect the colon function of CRC patients. In conclusion, inves-
tigation into the presence of GAL in the colon wall and serum 
of CRC patients revealed that serum and tissue GAL levels 
may present useful potential biomarkers in CRC patients.

Introduction

Colorectal cancer (CRC) is the third most common type of 
cancer worldwide, accounting for the diagnosis of ~1.4 million 
novel cases in 2012 (1). Early diagnosis and prompt treatment 
substantially improve outcome in CRC patients (2). At present, 
studies are being conducted in order to identify biological 
substances that may be involved in cancer development (3). 
The identification of specific cancer biomarkers is expected to 
improve early cancer diagnosis in the asymptomatic stage of 
the disease (4). In humans, galanin (GAL) is a 30-amino acid 
neuroendocrine peptide, originally isolated from the intestine, 
which is widely distributed in the central nervous system, 
endocrine system and autonomic nervous system, including 
the enteric nervous system (ENS) (5). GAL exhibits various 
functions, including regulation of feeding and learning, and 
is involved in responses to nerve injury and pain (5). In the 
gastrointestinal tract, GAL is involved with intestinal contrac-
tion (6). It regulates gastric acid secretion (7) and inhibits the 
release of pancreatic peptides (8). Notably, increased levels of 
GAL have been identified within neoplastically‑altered tissues 
of neuroectodermic origin, such as pheochromocytoma (9), 
pituitary adenoma (10), neuroblastoma (11) and squamous cell 
carcinoma (12), as well as in malignant melanoma (13). In a 
previous study, DNA microarray analysis of gene expression 
in CRC tumors of 51 Korean patients revealed GAL mRNA 
levels ten times higher than that in normal colon tissues. In 
addition, GAL expression was observed in colon adenocarci-
noma cell lines (LOVO, HCT116, SW480, SW260), whereas 
GAL mRNA was not detected in the cell lines of lung cancer, 
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ovarian carcinoma or testicular carcinoma (14). Kim et al (14) 
also reported that the CRC patient group exhibited an 
increased GAL serum concentration when compared with 
healthy controls, however, the source of the increased GAL 
serum levels was not determined, and the peptide was not 
identified in CRC tumors (14).

Due to the fact that colorectal cancer incidence rates for 
Asian individuals are lower that the rates for Caucasian and 
African‑descended individuals (15), GAL serum concentra-
tions were measured in a cohort of European CRC patients and 
healthy subjects in the present study. Since our previous study 
revealed that the expression of neuropeptides (16), including 
GAL (17), in the ENS ganglia was altered when in close prox-
imity to CRC invasion, the present study additionally aimed to 
determine the GAL levels in the homogenates of CRC tumors 
and two dissected sections of the colon wall (mucosa with 
submucosa and the muscularis externa) both proximal to the 
tumor and distant from the tumor, which served as the control. 
Since a reduction in myenteric plexus size and decomposition 
has been observed in the colon wall of CRC patients (18), the 
GAL-immunoreactive (GAL-Ir) myenteric plexuses in the 
vicinity of and distant from CRC invasion in the colon wall 
were quantitatively assessed.

Materials and methods

Patients. A total of 68 CRC patients (38 men and 30 women) 
with a mean age [±standard deviation (SD)] of 68.91±10.95 years 
(range 34‑87 years) that underwent surgery at the Warmia 
and Mazury Oncological Center (Olsztyn, Poland) between 
October 2012 and November 2013 were included in the present 
study. Full blood samples were collected preoperatively from 
all CRC patients and postoperative colorectal samples from 
resected tissues for the dissection of particular sections of 
the colon wall were obtained from 22 patients (15 men and 
7 women) with a mean age (±SD) of 68.79±10.15 years (range, 
34‑87 years). None of the CRC patients suffered from inflam-
matory bowel disease (IBD) or other gastrointestinal diseases 
and no patients reported a family history of malignancy. 
Patients that had undergone neoadjuvant radiotherapy or 
chemotherapy were excluded from the study.

Blood samples were also obtained from a control group of 
39 healthy volunteers (9 men and 30 women) with a mean age 
(±SD) of 55.76±5.47 years (range, 43‑69 years). The control 
subjects exhibited no acute or chronic diseases at the time of 
the study and reported no family history of cancer or IBD. 
None of the control patients were on medication at the time 
of study. 

The study was approved by the Bioethical Com mission 
of the University of Warmia and Mazury (Olsztyn, Poland) 
(approval no. 43/2011), and written consent was obtained from 
all participants.

Collection of serum, tumor samples and colon wall samples. 
Blood samples were obtained from all patients and healthy 
volunteers by venipuncture (~7 ml) and centrifuged at 2000 x g 
for 10 min at room temperature. The collected serum (3‑4 ml) 
was then aliquoted and stored at ‑20˚C until further use.

Tissue samples were obtained from 22 CRC patients. 
Immediately after resection of the cancerous section of the 

large intestine, two small (~1‑2 cm in diameter), full‑thickness 
(~3‑4 mm) intestinal wall samples were collected: one sample 
was obtained directly from the section of the colon wall adja-
cent to the tumor and the second sample (control sample) was 
obtained from the proximal end of the intestine, ≥5 cm from 
the tumor margin.

The sample of colon wall obtained adjacent from the tumor 
was carefully dissected into two sections: AM and AMM. 
The ‘AM’ section consisted of tumor‑adjacent mucosa and 
submucosa (weight, 0.1‑0.2 g) containing submucosal plex-
uses, whereas the ‘AMM’ section consisted of tumor‑adjacent 
muscularis externa (weight, 0.1‑0.3 g) containing circular and 
longitudinal muscle layers and the myenteric plexuses local-
ized between them. In addition, a 2x2x2 mm sample from the 
periphery of the tumor (weight, 0.1‑0.3 g) was also resected. 
Using the same method, individual sections of the colon were 
obtained from the non‑cancerous section of the colon wall and 
referred to as the control mucosa and submucosa (DM; distant 
mucosa and submucosa) and the control muscularis externa 
(DMM, distant muscularis). The tissue samples intended 
for the analysis of GAL content in the tissue homogenates 
were immediately frozen in liquid nitrogen and stored at 
‑80˚C. Immediately after dissection, the colon wall sections 
(~3‑4 mm thick) obtained adjacent to or distant from the CRC 
tumor were fixed in 4% formaldehyde for 24 h, dehydrated 
in an ethanol series, embedded in paraffin and cut into 5‑µm 
sections.

Measurement of GAL concentration in blood serum, CRC 
tumor and dissected sections of the colon wall. The concen-
tration of GAL in the sera of 68 patients and 39 healthy 
volunteers and the tissue homogenates of 22 CRC patients was 
measured using an ELISA kit for human GAL (#CEB084Hu; 
USCN Life Science Inc., Wuhan, China). Cryopreserved 
tissues were thawed and rinsed in ice‑cold phosphate‑buffered 
saline (PBS; pH 7.4) and weighed. Following separation by 
the use of surgical scalpel and tweezers, 100 mg tissue was 
homogenized (Ultra‑Turrax T10 homogenizer; IKA ‑Werke 
GmbH & Co. KG, Staufen, Germany) in 5 ml PBS on ice 
three times for 20 sec. The homogenates were then centrifuged 
at 5,000 x g for 5 min at 4˚C and the supernatants were stored 
at ‑80˚C for further processing. All analysis was performed 
in duplicate according to the manufacturer's instructions. The 
optical density was measured using a microplate reader (Infi-
nite M200 Pro; Tecan Group Ltd., Männedorf, Switzerland). 
Standard curves were generated for GAL concentrations of 
1000.00, 333.33, 111.11, 37.04 and 12.35 pg/ml. The intra- and 
inter‑assay coefficients of variation for the GAL assays were 
<12%. The data were linearized by plotting the log of GAL 
concentration vs. the log of the optical density, and the results 
were expressed in terms of pg of GAL per ml of serum and as 
pg of GAL per g of tissue.

Immunohistochemistry (IHC). IHC, defined as positive immu-
noreactivity for GAL, was performed as described previously 
by Godlewski et al (19) with certain modifications. The 
sections were subjected to antigen retrieval by microwaving 
for 20 min in retrieval solution buffer (pH 6.0; Leica, Wetzlar, 
Germany) and incubated with 3% H2O2 in methanol for 10 min 
followed by 2.5% normal horse serum (Vector Laboratories, 



ONCOLOGY LETTERS  12:  3323-3329,  2016 3325

Inc., Burlingame, CA, USA) in PBS for 30 min. The sections 
were incubated overnight at 4˚C with rabbit polyclonal 
anti-human GAL primary antibody (1:400; #HPA 049864; 
Sigma‑Aldrich; Merck Millipore, Darmstadt, Germany). 
Sections were then rinsed three times with PBS and incubated 
with ImmPRESS™ universal reagent anti-mouse/rabbit 
immunoglobulin G (commercially diluted; #MP‑7500; Vector 
Laboratories, Inc.) for 30 min at room temperature. To visu-
alize the immunoreaction, the sections were immersed in DAB 
(Dako, Glostrup, Denmark) and counterstained in Mayer's 
hematoxylin. The slides were dehydrated in ethanol, cleared in 
xylene and mounted. The specificity of the IHC staining was 
determined by omitting the primary antibody and replacing it 
with the same dilution of horse serum. Images of the labeled 
tissues were captured using a XC‑50 camera (Olympus Corpo-
ration, Tokyo, Japan) mounted on a light microscope (BX‑41; 
Olympus Corporation). Hematoxylin and eosin staining was 
performed on separate sections to assess tissue morphology.

Morphometric analysis of the area occupied by myenteric 
plexuses expressing GAL immunoreactivity. Since the 
submucosal plexuses occupy a markedly smaller area in the 
human colon than the myenteric plexuses (20), the latter were 
selected to assess the area occupied by GAL-Ir structures in 

the muscularis layer of the colon wall proximal to or distant 
from the CRC tumor (Fig. 1). In each microscopic field of 
view (magnification, x4), a large rectangular area with visible 
GAL-Ir structures and the area of the GAL‑Ir myenteric 
plexuses was determined using Cell^B Imaging Software 
for Life Science Microscopy version 3.2 (Olympus Corpora-
tion). In each patient, the total area occupied by the GAL-Ir 
neurons in the myenteric plexuses located in the vicinity of 
and distantly from the tumor was measured in 5‑10 fields of 
view, depending on the size of the section, to encompass the 
whole length of the border between the circular and longitu-
dinal layers of the muscularis externa. Thus, 22 sections of 
the large intestinal wall located within close proximity to the 
tumor and 22 matched sections located distant from the tumor 
were analyzed to yield the total area of GAL‑Ir plexuses, and 
the ratio of this to the total measured area in a selected histo-
logical section of the colon wall was determined (Fig. 2).

Statistical analysis. The concentrations of GAL in the serum of 
CRC patients and healthy controls and in the tissue homogenates 
of the patients were analyzed using the Mann‑Whitney U-test. 
The results of morphometric measurement of the area occupied 
by GAL‑Ir myenteric plexuses were analyzed using the Wilcoxon 
signed‑rank test. All statistical analysis was performed using 

Figure 1. Galanin immunoreactivity in the colon wall of CRC patients. (A) CRC tumor tissue (magnification, x100). (C) Colon mucosa adjacent to the CRC 
tumor (magnification, x200). (E) Submucosal plexuses (arrows) present in the non‑cancerous (distant) section of the colon wall (magnification, x100). Negative 
controls of (B) CRC tumor (magnification, x100) or (D) mucosa obtained from the non‑cancerous (distant) section of the colon wall (magnification, x200). 
(F) Myenteric plexus from the non‑cancerous (distant) section of the colon wall (magnification, x200). CRC, colorectal cancer.
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Statistica software version 12.5 (StatSoft, Inc., Tulsa, OK, USA). 
The results were expressed as the mean ± standard error of the 
mean (SEM). P<0.05 was considered to indicate a statistically 
significant difference.

Results

Patient clinicopathological characteristics. Patient clini-
copathological data, including gender, age, tumor location, 
depth of invasion, lymph node metastasis and TNM stage are 
presented in Table I.

CRC patients exhibit higher GAL serum concentrations than 
healthy controls. Analysis of the sera of 68 CRC patients 
revealed significantly higher mean GAL concentrations than in 
the 39 healthy volunteers (119.47±12.87 vs. 50.14±8.13 pg/ml, 
respectively) (Fig. 3A and B).

Statistical analysis revealed no associations between GAL 
concentration in the sera of the CRC patients and clinicopatho-
logical features, including gender, age, tumor location, depth of 
invasion, lymph node metastasis and TNM stage (data not shown).

GAL content of CRC tumor tissue homogenates is higher 
than that of the muscularis externa. The highest levels of 
GAL were identified in the tumor and mucosa obtained from 
the non-cancerous section of the intestinal wall (Fig. 4). 
The mucosal tissues adjacent to the CRC tumor expressed 
significantly lower levels of GAL (306.63±27.60 pg/g) than 
the tumor tissues (408.71±30.28 pg/g; P=0.019) and mucosa 
from the section of the colon wall distant from the tumor 
(462.73±28.54 pg/g). The GAL concentration of the colon 
wall muscularis externa obtained adjacent to the tumor 
(286.66±13.43 pg/g) was significantly higher than that of 
the muscularis distant from the tumor (175.23±15.33 pg/g; 
P<0.001). The GAL concentration in the CRC tumor was 
significantly higher than that in either muscularis externa 
location (Fig. 4; P=0.012 in CRC vs. AMM; P<0.001 in CRC 
vs. DMM).

Table I. Clinicopathological characteristics of 68 colorectal 
cancer patients according to the TNM staging system.

Parameter n (%)

Gender
  Male 38 (55.9)
  Female 30 (44.1)
Age, years
  ≤67 33 (48.5)
  >67 35 (51.5)
Tumor localization
  Cecum, ascending and transverse colon 18 (26.5)
  Descending, sigmoid colon, rectum 50 (73.5)
Depth of invasion (pT status)
  T1   0 (0)
  T2 11 (16.2)
  T3 44 (64.7)
  T4 13 (19.1)
Lymph node metastases (pN status)
  N0 33 (48.5)
  N1 18 (26.5)
  N2 17 (25.0)
Metastasis (pM status)
  M0  61 (89.7)
  M1   7 (10.3)
TNM stage
  I   9 (13.2)
  II 23 (33.8)
  III 29 (42.7)
  IV   7 (10.3)

TNM, Tumor-Node-Metastasis.

Figure 2. Morphometry of the galanin‑immunoreactive myenteric plexuses in 
the large intestine wall of CRC patients. (A) Plexuses located in the vicinity 
of the tumor (magnification, x40). (B) Plexuses located distantly from the 
tumor (magnification, x40). The borders of galanin‑immunoreactive myen-
teric plexuses located between circular and longitudinal muscular layers of 
the colon wall are outlined by red lines. The black frames outline the constant 
area of the field of view, which was ≤3439,072 µm2 (artificial empty spaces 
in certain sections were subtracted). The total area of galanin‑immunore-
active myenteric plexuses located close to the tumor was 40,942 µm2 and 
the total area of plexuses in the section of non‑cancerous colon wall was 
112,455 µm2. (C) Surface area of myenteric plexuses in the vicinity of tumor 
and in a distant section of non‑cancerous colon wall tissue. Bars represent the 
mean ± standard error of mean (n=22). **P=0.0071. CRC, colorectal cancer.
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CRC tumor and colon wall tissues exhibit strong GAL 
immunoreactivity in CRC patients. IHC revealed strong GAL 
immunoreactivity within the cells of the intestinal epithelium, 
cancer cells and the myenteric plexuses (Fig. 1). The immu-
noreactivity of GAL in cancer cells, enterocytes and goblet 
(mucous) cells was predominantly identified in the cytoplasm.

GAL‑Ir cells were also observed in the components of the 
submucosal plexuses and were demonstrated to be smaller in 
size than the myenteric plexuses from the samples obtained 
from the colon wall located in the vicinity of and distantly 
from the tumor (Fig. 1E).

GAL‑Ir myenteric plexuses in close proximity to CRC tumors 
are smaller than those distant from CRC tumors. The examina-
tion of the GAL‑Ir structures in the myenteric plexuses revealed 
that the plexuses located in close proximity to the CRC tumor 
were smaller in size than those located distantly from the cancer 
(Fig. 2A and B). To assess atrophy, morphometry was used to 
measure the area occupied by the GAL-Ir myenteric plexuses in 
the sections of the colon wall of 22 CRC patients.

The mean area of GAL‑Ir myenteric plexuses in the intes-
tinal wall proximal to the CRC tumor was ~50% smaller than 
that of the distant section of the colon wall (0.15±0.03 mm2 vs. 
0.30±0.03 mm2, respectively) (Fig. 2).

This finding was confirmed by comparing the relative areas 
occupied by the GAL-Ir myenteric plexuses in the sections 

of colon wall close to and distant from the CRC, which were 
1.23±0.85 and 1.85±0.56%, respectively. No significant 
associations were identified between the reduced size of the 
myenteric plexuses in the vicinity of the tumor and clinico-
pathological parameters of CRC patients (data not shown).

Discussion

To the best of our knowledge, this is the first study to demon-
strate strong immunoreactivity of GAL in CRC tumors. These 
morphological findings were validated by the analysis of GAL 
concentration in neoplastic CRC tissue and two dissected 
sections of the colon wall: the mucosa and submucosa and the 
circular and longitudinal layers of muscularis externa with the 
myenteric plexuses present between them. Additionally, using 
morphometry, the atrophy of myenteric plexuses was identified 
in the vicinity of CRC tumors. Thus, we hypothesize that the 
elevated concentration of GAL in the serum of CRC patients 
may be caused by the secretion of this neuropeptide by cancer 
cells, however, the possibility that other cell types or tissues 
may be involved cannot be excluded.

The present study is the first to report that CRC patients 
exhibit a statistically significant higher serum concentration of 
GAL than healthy patients, as the marked increase in serum 
GAL levels reported previously in 66 CRC Korean patients 
was not statistically significant (14). Kim et al (14) postulated 
that the CRC tumor was the source of the increased serum 
GAL concentration, as the levels of GAL mRNA were mark-
edly increased in the CRC tumor; however, the concentration 
of the neuropeptide, GAL, was not measured (14). Similarly, 
Nagayoshi et al (21) reported that GAL mRNA levels in 
112 tumor samples obtained from CRC patients were signifi-
cantly higher than that in 27 normal colon mucosa samples; 
however, the concentration of GAL was not determined.

In the present study, GAL concentration was measured 
in both the homogenates of the CRC tumor and two major 
sections of the colon wall by ELISA assay, which provided 
notable results. High GAL levels were observed not only in 
the CRC tumor, but also in the homogenates of mucosa and 
submucosa from the non‑cancerous section of the colon wall. 
The GAL concentration of the tumor was significantly higher 
than that in the homogenates of the muscularis layer of the 
colon wall, which are known to contain GAL in the myen-
teric plexuses (6,17), and intense GAL immunoreactivity was 

Figure 4. Mean GAL content in the homogenates of tissues obtained from 
CRC patients. CRC, colorectal cancer; AM, mucosa in the vicinity of the 
CRC tumor; DM, mucosa located distantly from tumor; AMM, muscularis 
externa in the vicinity of the CRC tumor; DMM, muscularis externa located 
distantly from tumor; NS, not significant. *P=0.019, CRC vs. AM; P=0.187, 
CRC vs. DM (NS); ***P<0.001, AM vs. DM, and AMM vs. DMM.

Figure 3. Serum GAL concentration. (A) The variability of GAL serum concentrations in all 68 CRC patients and control subjects. One CRC patient that 
exhibited a markedly high GAL serum concentration is indicated on the far right. The dashed line denotes the mean GAL concentration in the serum of 
39 healthy volunteers. (B) Mean GAL concentration in serum of CRC patients was significantly higher than that of the healthy controls. ***P=0.0002. GAL, 
galanin; CRC, colorectal cancer.
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observed in the cytoplasm of CRC tumor cells, which indicates 
that the CRC tumor is an important source of GAL in the 
sera of CRC patients. GAL immunoreactivity has also been 
observed in the cells of neuroendocrine tumors, including 
neuroblastomas (11), pituitary adenomas (10) and paragan-
gliomas (22), as well as in a variety of non‑neuroendocrine 
tumors, such as melanomas (13), glioblastomas (23) and 
embryonic carcinomas (24).

Furthermore, in the present study IHC demonstrated, for 
the first time, the presence of GAL‑like immunoreactivity 
in the epithelium of human colon mucosa, which had only 
been demonstrated in human submucosal (17) and myenteric 
nervous plexuses to date (6,17). The presence of cytoplasmic 
GAL immunoreactivity in the neoplastic cells of CRC tumors 
and in the epithelial cells of the mucosa of the large intestine 
may be associated with the function of GAL as a regulator of 
epithelial secretion and proliferation (25,26). This hypothesis 
is supported by the fact that GAL has been identified in the 
human epidermis and the ductal cells of sweat glands (27), 
which are epithelial tissues of different embryonic origin than 
the intestine.

The presence of cytoplasmic GAL immunoreactivity 
in neoplastic CRC cells may be associated with the func-
tion of GAL as a regulator of cellular proliferation under 
pathological conditions. In the model HCT116 CRC cell 
line, silencing of the GAL receptor 1 (GaLR1) or silencing 
of GAL, induces caspase 8‑dependent apoptosis, which 
suggests that GaLR1/GAL may present a potential drug 
target for CRC chemotherapy (28). Additionally, in pancre-
atic cancer cell lines (29), small-cell lung cancer (30) and rat 
pituitary tumors (31), GAL interacts with GaLR1 to activate 
the mitogen‑activated protein kinase signaling pathway and 
induces mitogenic activity of these cancer cells. However, it 
has been also suggested that GAL may exhibit a protective 
function in head and neck squamous cell cancer (HNSCC), 
since GaLR1 and 2 inhibit the proliferation of HNSCC cells 
via extracellular signal‑regulated kinase 1/2‑mediated effects 
on cell-cycle control proteins (32).

The morphometric analysis in the present study provided a 
quantitative aspect to the observations of Godlewski (18), who 
reported alterations in the structure of the ENS components in 
the vicinity of the CRC tumor. Notably, in the present study, 
the muscularis externa in the vicinity of the CRC invasion 
contained higher GAL levels than that in the distant section, 
which indicates the increased synthesis of GAL or the release 
of this neuropeptide from the atrophic myenteric plexuses into 
the surrounding tissue. Thus, this indicates that the myenteric 
plexuses located close to the CRC tumor undergo morpho-
logical and thus, functional alterations that may also affect the 
function of the colon wall.

In conclusion, the present study comprehensively investi-
gated the presence of GAL in the colon wall of CRC patients. 
To the best of our knowledge, this study is the first to demon-
strate GAL immunoreactivity in the epithelium of the human 
colon and CRC tumor cells, as well as high GAL levels in CRC 
tumors. In addition, increased GAL levels were identified in 
the muscularis externa, despite the atrophy of the myenteric 
plexuses in the vicinity of the CRC tumor, when compared 
with the muscularis located distantly from the tumor. The 
results indicate that serum and tissue GAL levels may present 

useful potential biomarkers in CRC patients. However, the 
broad range of GAL serum levels identified in both CRC 
patients and controls and reported by Kim et al (14) indicate 
that further studies using larger patient cohorts are required to 
establish the clinical significance of these findings.
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