
Abstract. Background/Aim: The calcium-binding protein
S100A14 is involved in processes related to tumorigenesis
and tumor propagation, such as proliferation, apoptosis,
motility and invasiveness. Our aim was to investigate its role
in colorectal cancer. Patients and Methods: One hundred and
seven patients (65 men and 42 women) were included in this
study. They had been diagnosed with colorectal cancer and
undergone complete resection of their primary tumor. Tissue
samples from archival blocks of their normal and malignant
colorectal tissues were used for immunohistochemical
assessment of S100A14 expression. S100A14 levels were
evaluated using image analysis and associated with various
clinicopathological parameters and prognosis. Results:
S100A14 expression was reduced in malignant tissues when
compared to normal intestinal mucosa in cases of T3-T4
tumors (p=0.017). Moreover, as far as S100A14 levels in
malignant tissues are concerned, they were lower in T3-T4
tumors (p=0.001), N2 disease (p=0.034) and M1 disease
(p=0.019). Finally, very high S100A14 production (>75th
percentile) was associated with shorter disease-specific
(HR=3.584, p=0.045) and relapse-free survival (HR=4.527,
p=0.007) in multivariate survival analysis. Conclusion:
S100A14 expression is decreased in advanced colorectal
cancer. However, cases with very high S100A14 levels have
a worse survival.

S100 proteins constitute a family of 25 calcium-binding
proteins, which in turn is member of the superfamily of EF-
hand proteins. S100 proteins form homodimeric or
heterodimeric complexes with each other (1-9). When they
bind calcium, they undergo conformational changes, which
allow them to interact with other proteins (1, 2, 4-6). Some of
the S100 proteins have intracellular effects, while others have
extracellular effects. However, there are also S100 proteins
which exert both intracellular and extracellular effects (1-6).
S100 proteins are involved in a number of regulatory
mechanisms and pathways, affecting calcium homeostasis,
metabolism, proliferation, apoptosis, migration, differentiation,
inflammation, etc., through interactions with enzymes,
receptors, cytoskeleton, transcription factors and nucleic acids
in an autocrine and/or paracrine manner (1, 2, 6-8). Thus,
these proteins are part of many tumorigenic processes, such
as cell motility and invasion, cell growth and cell death,
interactions with tumor microenvironment, etc. (1-8). 

One of the least studied members of this family is the
S100A14 protein. It consists of 104 amino acids and the
corresponding gene is located in the human chromosome
1q21, where most of S100 genes are also located. S100A14
is present in several human tissues of epithelial origin, with
the highest expression detected in colon (10). Several studies
have tried to assess the role of S100A14 in a number of
malignant diseases, such as breast, ovarian or gastric cancer
(2, 6). Nevertheless, very little is known about its role in
colorectal cancer. Our aim was to investigate the expression
of S100A14 in colorectal cancer and its associations with
various clinicopathological parameters and prognosis. 

Patients and Methods
Patients and tissue samples. One hundred and seven consecutive
patients (65 men and 42 women) with a newly-diagnosed
colorectal adenocarcinoma were included in this study. The
patients had undergone complete excision of their primary tumor
within a time period of 30 months (September 2008-March 2011).
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Data concerning survival and the first disease recurrence were
collected retrospectively, in January 2017. Their mean age was
71.1 years (SD=10.2) and their median age was 73 years (min-
max: 42-90). Patients were excluded if they had a medical history
of a previously treated colorectal cancer or if they had received
neoadjuvant treatment. Two formalin-fixed, paraffin-embedded
archival blocks were obtained for each patient, with the first
containing normal intestinal tissue and the second containing
malignant intestinal tissue. Two additional blocks, one with normal
liver tissue and the other with tissue from liver metastasis, were
also obtained in three cases of synchronous resection of hepatic
metastases. Tumor classification was performed using the criteria
of the World Health Organization (11) and tumor staging was done
according to the 8th edition of the TNM Classification of
Malignant Tumors according to the International Union Against
Cancer (UICC) (12). Patients’ clinicopathological data are listed
in Table I. Our study was approved by the Ethical Committee of
the “Laiko” General Hospital and it conforms to the Declaration
of Helsinki.

Immunohistochemistry. All surgical specimens had been placed into
10% formalin solution immediately after their resection. All tissue
samples had been processed using consecutively a graded series of
alcohols, xylene and paraffin within 24 h. Four μm thick sections
were cut from the archival blocks for our study. They were
deparaffinized and rehydrated using xylene, graded series of ethanol
and distilled water. A citrate buffer (pH: 6.0) was applied on them
in a microwave oven for 10 min for antigen retrieval. Subsequently,
the slides were treated with 3% hydrogen peroxide for 15 min for
blocking endogenous peroxidase activity, with 1% rabbit serum in
PBS for 10 min for cell permeabilization and with 5% rabbit serum
in PBS for 30 minutes for blocking non-specific binding. A rabbit
polyclonal antibody against human S100A14 protein (Novus
Biologicals, Centennial, CO, USA) was diluted 1:2,000 using 1%
rabbit serum in PBS and applied on the slides, which were
incubated overnight at 4˚C afterwards. On the next day, the slides
were treated with drops of Link (150 μl), drops of Streptavidin (150
μl) and a substrate-chromogen [3,3’diaminobenzidine (DAB)]
solution for 1 hour each, consecutively. After treating the slides with
PBS and distilled water, hematoxylin was then applied on them for
5 min. Finally, ethanol and xylene was added for tissue dehydration
and the slides were mounted and coverslipped with an aqueous-
based mounting medium. 

Image analysis. Image analysis was performed within one month
after immunohistochemistry. Five randomly sampled optical fields
of intestinal mucosa, either normal or malignant, were selected
from each slide and photographed under 400x original
magnification. A digital camera (Nikon DS-2 MW, Nikon, Tokyo,
Japan) attached to a light microscope (Nikon Eclipse 80i, Nikon,
Tokyo, Japan) was used for this purpose. Images were stored as
JPEG files and their analysis was done using the Image Pro Plus
5.1 software (Media Cybernetics, Bethesda, MD, USA). S100A14
expression was indicated as brown DAB staining, which was
considered positive, whereas the blue hematoxylin counterstain
was considered negative. The average intensity levels of brown
staining [measured on a linear scale from 0 (representing black)
to 255 (representing white)] and the average percentage of extent
of brown staining were taken into consideration for each slide. The
following equation was formed: 

S100A14 expression=(255–average intensity levels of brown
staining) x average percentage of extent of brown staining. 

The average values for each slide were the mean intensity levels of
brown staining and the mean percentage of extent of brown staining
for the photographed optical fields.  

Statistical analysis. The Shapiro-Wilk test was used for the
assessment of normality of data distribution. Comparisons between
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Table I. Clinicopathological data of patients with colorectal cancer
(N=107).

Parameter                                                                            Number

Gender
Male 65
Female 42

Age (years)
Mean±SD 71.1±10.2
Median (min-max) 73 (42-90)

Segment of the large intestine
Right colon 31
Left colon 36
Rectum 40

Tumor diameter (cm)
Mean±SD 4.4±2
Median (min-max) 4 (0.7-12)

Stage
0 6
I 19
II 28
III 38
IV 16

T
Tis 6
T1 8
T2 22
T3 56
T4 15

N
N0 57
N1 24
N2 26

M
M0 91
M1 16

Grade
Low grade 80
High grade 27

Lymphovascular invasion
No 80
Yes 27

Perineural invasion
No 98
Yes 9

Mucinous adenocarcinoma
No 99
Yes 8

T: Direct extent of the primary tumor, N: degree of disease spread to
regional lymph nodes, M: distant metastases.
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Figure 1. 3,3’diaminobenzidine (DAB) staining, representing S100A14 expression, in normal intestinal mucosa (400× original magnification).

two groups were made using the Student’s t-test, the Welch test or the
Mann-Whitney U test, as appropriate. Comparisons among three or
more groups were made using the analysis of variance (ANOVA)
with the Bonferroni correction or the Kruskal-Wallis test with the
Bonferroni correction, as appropriate. The comparisons between
normal and malignant tissues and between primary tumors and liver
metastases were performed with the paired t-test or the Wilcoxon
signed rank test, as appropriate. Correlations between two quantitative
variables were assessed with the Pearson’s correlation coefficient or
the Spearman’s rank correlation coefficient, as appropriate.

The patients were also divided into four groups according to
S100A14 levels in the malignant intestinal mucosa for the assessment
of the disease-specific survival (DSS) and the relapse-free survival
(RFS) [group 1: ≤25th percentile (S100A14 expression score: 38.5),
group 2: >25th and ≤50th percentile (S100A14 expression score: 45.5),
group 3: >50th and ≤75th percentile (S100A14 expression score: 50.6),
group 4: >75th percentile]. Kaplan-Meier curves were used for the
assessment of DSS and RFS and the comparisons among different
groups regarding survival were made with the log-rank test.
Multivariate survival analysis was performed using the Cox
regression with the forward conditional method.

All the tests were two-tailed. The results were considered
statistically significant if the p-value was less than 0.05. The statistical
analysis was carried out using the 25th edition of the Statistical
Package for the Social Sciences (SPSS) (IBM, Armonk, NY, USA).  

Results

Comparison between normal and the malignant intestinal
mucosa regarding S100A14 expression. S100A14 expression
was detected in the cytoplasm of intestinal epithelial cells
(normal or malignant) (Figures 1 and 2). In addition, weak
S100A14 expression was observed in the cytoplasm of
hepatocytes (Figure 3). When taking all cases together into
consideration, there was no significant difference between
normal [median score (min-max): 46.2 (13.1-66.9)] and
malignant [median score (min-max): 44.6 (21.2-74.8)]
intestinal mucosa concerning S100A14 levels (p=0.142).
However, we tried to identify subgroups of patients in which
S100A14 expression was altered in the malignant tissues.
Thus, we observed that S100A14 production was reduced in
malignant tissues (mean score±SD: 42.1±10.2) in comparison
with normal ones (mean score± SD: 45.9±8.4) in case of T3-
T4 tumors (p=0.017).

Associations of S100A14 expression in the normal intestinal
mucosa with gender, age and segment. There was no
significant difference between men and women (p=0.98) or



between older (>65 years) and younger (≤65 years) patients
(p=0.24) regarding S100A14 expression in the normal
intestinal mucosa. Moreover, no actual correlation was detected
between age and S100A14 levels in the normal intestinal
mucosa (r=0.162, p=0.1). Finally, S100A14 production in the
right part of the large intestine (taking the left colic flexure as
a boundary) did not seem to differ from that in the left part
(p=0.446). Table II summarizes the aforementioned results.

Associations of S100A14 expression in the malignant tissue with
various clinicopathological parameters. S100A14 expression in
malignant tissues was lower in T3-T4 tumors when compared
with Tis-T2 tumors (p=0.001). Furthermore, S100A14 levels
were lower in N2 disease in comparison with N0-N1 disease
(p=0.034). However, no significant correlation was detected
between the exact number of infiltrated lymph nodes and
S100A14 levels (r=-0.13, p=0.181). In addition, S100A14
production was decreased in M1 disease when compared to M0
disease (p=0.019). On the contrary, S100A14 expression did not
vary significantly in terms of gender (p=0.963), age (≤65 years
versus >65 years) (p=0.694), segment of large intestine (right

versus left) (p=0.254), tumor diameter (≤4 cm versus >4 cm)
(p=0.912), grade (low versus high) (p=0.362), lymphovascular
invasion (p=0.178), perineural invasion (p=0.778) or presence
of mucinous neoplasm (p=0.545). Moreover, S100A14
production did not correlate with age (r=0.121, p=0.222) or
tumor diameter (r=-0.068, p=0.489). Table II summarizes the
aforementioned results.

Comparison between the primary tumors and the liver
metastases regarding S100A14 expression. S100A14
expression was lower in two out of three liver metastases
when compared with the corresponding primary tumors,
whereas it was higher in the third liver metastasis. However,
the difference between primary (mean score±SD: 40±16.4)
and metastatic (mean score±SD: 33.1±21) tumors was not
statistically significant (p=0.372).

Survival analysis according to S100A14 expression. The mean
surveillance period was 50.4 months (SD=31.1) and the median
surveillance period was 41 months (min-max: 1-99). There were
available data concerning DSS for 81 patients, 22 of whom

in vivo 34: 321-330 (2020)

324

Figure 2. 3,3’diaminobenzidine (DAB) staining, representing S100A14 expression, in colorectal cancer (400× original magnification).



(27.2%) had died during the surveillance period. When the four
groups with different S100A14 levels in the malignant tissues
were compared, no significant differences were observed in
regards to DSS [mean DSS (months)±SD: group 1: 66.7±8,
group 2: 81±7.9, group 3: 71.9±6.3, group 4: 73.3±9.3]
(p=0.643) (Figure 4). However, the multivariate survival analysis
showed that very high S100A14 expression in the malignant
tissues (group 4; >75th percentile) was an independent prognostic
factor of shorter DSS (HR=3.584, 95%CI=1.029-12.49, B:
1.277, SE: 0.637, Wald: 4.017, p=0.045). 

There were also available data regarding RFS for 76
patients, 24 of whom (31.6%) had demonstrated relapse of
their disease during the surveillance period. When the four
groups with different S100A14 levels in the malignant
tissues were compared, no significant differences were
observed in regards to RFS [mean RFS (months)±SD: group
1: 70.3±8.4, group 2: 78±8.2, group 3: 64.7±7.9, group 4:
63.3±10.2] (p=0.696) (Figure 5).  However, the multivariate
survival analysis showed that very high S100A14 expression
in the malignant tissues (group 4; >75th percentile) was an
independent prognostic factor of shorter RFS (HR=4.527,

95%CI=1.511-13.561, B: 1.51, SE: 0.56, Wald: 7.275,
p=0.007). The results of the multivariate survival analysis
are shown in Table III.

Discussion

Pietas et al. identified in 2002 a new gene located in the
region of human chromosome 1q21 where the genes of most
S100 proteins are clustered, which was named S10014. They
managed to do this by analyzing a subtraction cDNA library
of a human lung cancer cell line. The S100A14 gene has four
exons and three introns with a total length of 2165 bp. The
corresponding cDNA is 1067 bp in length, with a coding
region predicting a protein of 104 amino acids. The encoded
mRNA is present in several normal human epithelial tissues,
such as colon, rectum, small intestine, stomach, ovary,
uterus, prostate, breast, thyroid, lung and kidney, with the
highest expression noted in colon, followed by rectum,
stomach and thyroid. The subcellular localization of the
S100A14 protein is cytoplasmic with a denser presence
around the nucleus (10).  
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Figure 3. 3,3’diaminobenzidine (DAB) staining, representing S100A14 expression, in normal liver (400× original magnification).



The role of S100A14 has been investigated in several types
of malignant diseases. First of all, there are several studies
trying to identify how S100A14 is implicated in
tumorigenesis by conducting experiments on cancer cell lines.
However, it seems that S100A14 affects tumorigenic

processes in a different way in different types of malignancies
(13-27). In particular, S100A14 enhances proliferation and
cell growth in breast (13), cervical (17), ovarian (18) and
hepatocellular cancer (19), whereas it inhibits them in oral
(23), esophageal (24) and urothelial cancer (27). In addition,
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Table II. Associations of S100A14 with various clinicopathological parameters.

Normal intestinal mucosa

Parameter                                         Mean score±SD                                            Median score (min-max)                                            p-Value

Gender
Men                                                     46.2±9.4 46 (13.1-66.9) 0.98
Women                                                46.6±7.3 46.4 (32.5-62.9)

Age
≤65 years                                           44.3±10.1 44.8 (13.1-65) 0.24
>65 years                                            47.3±7.9 46.3 (26-66.9)

Segment
Right                                                  47.5±10.1 49.1 (19.8-66.9) 0.446
Left                                                     45.8±7.9 46.1 (13.1-62.9)

Malignant tissue

Parameter                                         Mean score±SD                                            Median score (min-max)                                            p-Value

Gender
Men                                                     44.5±9.7 44.2 (21.2-68.9) 0.963
Women                                               44.4±11.7 45.7 (22.6-74.8)

Age
≤65 years                                           44.1±12.1 43.7 (21.2-68.9) 0.694
>65 years                                              45±9.4 45.7 (24.4-74.8)

Segment
Right                                                  46.3±10.1 46.3 (24.4-74.8) 0.254
Left                                                    43.8±10.6 44.2 (21.2-68.9)

Tumor diameter
≤4 cm                                                 44.6±10.5 44.6 (21.2-74.8) 0.912
>4 cm                                                 44.4±10.5 44.3 (24-68.9)

T
Tis-T2                                                 49.1±9.4 47.9 (32.7-74.8) 0.001
T3-T4                                                 42.1±10.2 43.6 (21.2-63.6)

N
N0-N1                                                45.7±10.3 46.3 (21.2-74.8) 0.034
N2                                                      40.7±10.3 43.8 (22.6-59.2)

M
M0                                                     45.5±10.1 45.5 (25.9-74.8) 0.019
M1                                                      38.9±11.3 40.1 (21.2-55.1)

Grade
Low                                                     45±10.2 44.7 (22.6-74.8) 0.362
High                                                   42.9±11.3 43.8 (21.2-63.6)

Lymphovascular invasion
No                                                      45.3±10.6 46.1 (21.2-74.8) 0.178
Yes                                                      42.1±9.9 41.5 (24.4-62.9)

Perineural invasion
No                                                      44.4±10.2 44.4 (21.2-74.8) 0.778
Yes                                                     45.4±14.1 44.6 (22.6-62.9)

Mucinous neoplasm
No                                                      44.3±10.4 44.2 (21.2-74.8) 0.545
Yes                                                       46.7±12 47.4 (26.8-63.6)

T: Direct extent of the primary tumor, N: degree of disease spread to regional lymph nodes, M: distant metastases.



S100A14 induces apoptosis in esophageal cancer (25).
Furthermore, S100A14 facilitates cell migration in breast (14-
16), cervical (17), ovarian (18), hepatocellular (19) and lung
cancer (20, 21), while it restrains it in gastric cancer (26).
Similarly, under the influence of S100A14, motility is
increased in breast cancer (15, 16), but decreased in urothelial
cancer (27), and invasiveness is increased in breast (16),
cervical (17), ovarian (18), hepatocellular (19) and lung
cancer (20, 21), but decreased in oral (22) and gastric cancer
(26). Finally, S100A14 seems to promote cell differentiation
in esophageal (24) and gastric cancer (26), while it mediates
epithelial-to-mesenchymal transition in cervical cancer (17).
To sum up, S100A14 promotes tumorigenesis in breast,
cervical, ovarian, hepatocellular and lung cancer (13-21),
whereas it inhibits restrains it in oral, esophageal, gastric and
urothelial cancer (22-27).

The aforementioned conclusion regarding the role of
S100A14 is confirmed by clinical studies conducted on human
malignant tissues (13-15, 17-21, 24, 26, 28-34). Concerning the
comparison between normal and malignant tissues, S100A14
expression is higher in malignant tissues in breast (13, 19),

ovarian (30), hepatocellular (19) and lung cancer (20), whereas
it is lower in malignant tissues in colorectal cancer (34). As
far as disease stage is concerned, high S100A14 levels are
associated with advanced stages in cervical (17), ovarian (18),
hepatocellular (19) and lung cancer (20, 21), while they are
associated with early stages in small bowel cancer (33). In
addition, S100A14 expression is increased as the depth of
infiltration is increased in lung cancer (20), whereas the exact
opposite is true for gastric cancer (26). Moreover, higher
S100A14 levels are correlated to higher probability of lymph
node metastasis in cervical (17) and lung cancer (20), but to
lower probability of lymph node metastasis in gastric cancer
(26). Similarly, increased production of S100A14 is associated
with greater risk for distant metastases in lung cancer (21), but
with reduced risk for distant metastases in gastric (26), small
bowel (33) and colorectal cancer (34). In terms of tumor
differentiation, S100A14 expression is higher in high-grade
neoplasms in case of ovarian (18) and lung cancer (20, 21)
and in low-grade neoplasms in case of esophageal (24), gastric
(26, 32) and colorectal cancer (34). Finally, increased
production of S100A14 is related to shorter survival in breast
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Figure 4. Disease-specific survival rates of patients with higher (group
4) and lower (groups 1, 2, 3) S100A14 expression in colorectal cancer.

Figure 5. Relapse-free survival rates of patients with higher (group 4)
and lower (groups 1, 2, 3) S100A14 expression in colorectal cancer.



(13-15, 28, 29), ovarian (18, 31), hepatocellular (19) and lung
cancer (20, 21), but to longer survival in gastric (26, 32) and
colorectal cancer (34). 

In the only other published study on colorectal cancer,
Wang et al. found that S100A14 levels are lower in malignant
tissues in comparison with normal tissues. Moreover, they
detected lower rates of S100A14 expression in poorly
differentiated tumors and cases with distant metastases, but
no significant differences in terms of depth of infiltration (T)
and lymph node metastases (N). In addition, they reported
worse survival in cases without S100A14 production (34).
However, our results are somewhat differentiated from theirs.
At this point we should mention that they used a monoclonal
antibody against S100A14. This provided them with the
advantage of reduced cross-reactivity, but also with the
disadvantage of vulnerability to even slight changes in the
only one epitope that the monoclonal antibody recognizes,
leading to reduced binding capacity in that case. On the other
hand, we used a polyclonal antibody against S100A14,
having the disadvantage of somewhat higher cross-reactivity,
but also the advantages of higher affinity, recognizing
expression even in low levels, and more tolerance to minor
antigen changes, due to the recognition of more than one
epitopes (35). Moreover, whereas we tried to take into
account both the intensity and the extent of S100A14
expression and combine them into a quantitative scale to be
more accurate, Wang et al. were based only on the extent of
S100A14 expression in a qualitative manner (with 30% of
cells expressing S100A14 considered as cut-off point). 

In our study, we observed a reduction in S100A14
expression in more advanced tumors (T3-T4, N2 and/or M1
cases), but we did not find any significant difference
concerning histological grade. Nevertheless, very high
S100A14 production was associated with shorter DSS and
RFS. This may indicate that the reduction in S100A14
expression in advanced disease does not necessarily mean
that S100A14 directly inhibits tumorigenic processes, but it
is rather an indirect effect, and this protein enhances the

tumor aggressiveness in cases that retain high levels of it.
Unfortunately, the fact that there are no studies regarding the
role of S100A14 in tumorigenesis of colorectal cancer on the
molecular level does not allow us to draw safe conclusions. 

Concerning potential future clinical applications, S100A14
could be used as prognostic marker and/or therapeutic target in
colorectal cancer. A high S100A14 expression in malignant
tissues detected in the immunohistochemical analysis of the
surgical specimen could contribute into the categorization of
patients as high-risk for disease recurrence and shorter survival,
rendering them potential candidates for more aggressive
adjuvant treatment. Furthermore, neutralizing antibodies (e.g.
against S100A8/A9 and S100A4) and small molecule
inhibitors (e.g. niclosamide against S100A4, amlexanox against
S100A13 and cromolyn against S100P) against several S100
proteins have recently been developed and even tested in
animal studies (3, 4). However, no agent against S100A14
specifically has been developed yet, but it could be an
additional future target from the S100 family. Either way, it is
of critical importance to conduct more clinical and
experimental studies about the role of S100A14 in colorectal
cancer, so that its potential clinical applications can be proved. 
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