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Abstract

Background: Colorectal cancer (CRC) has no significant clinical symptoms at the early stages, and the molecular differences in the
serum of the patients and healthy subjects could be assessed to identify the biological markers that indicate the detection of this
cancer at the levels of the biological system.
Objectives: The present study aimed to assess the concentrations of the alpha-(1, 3)-fucosyltransferase IV (FUT4) enzyme and copper
(Cu) and zinc (Zn) as biological elements.
Methods: This case-control study was conducted on 40 patients with CRC, including 20 men and 20 women. A metal-free sterile tube
was used to collect five milliliters of venous blood. The enzyme-linked immunosorbent assay (ELISA) based on the Biotin double-
antibody sandwich technology was used to measure the human FUT4 in the sera. In addition, plasma zinc and copper values were
determined using Zist Chem Diagnostics kits.
Results: The mean FUT4 levels in the CRC patients was slightly higher than the control group (P = 0.17), and the mean serum copper
and zinc levels of these patients were lower than the control group with a significance difference in this regard (P < 0.001). In
addition, the AUC of FUT4, copper, and zinc was 0.58, 0.80, and 0.77, respectively.
Conclusions: According to the results, the altered levels of FUT4, copper, and zinc in the serum of the CRC patients compared to
the healthy controls could be an indicator associated with the CRC disease course. Furthermore, the unusual changes in the FUT4,
copper, and zinc levels may signify CRC development, which plays a key role in the diagnosis and monitoring of this cancer.
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1. Background

Colon cancer is the third most common cancer in the
world that could lead to death (1). Colorectal cancer (CRC)
is the most prevalent cancer in Iranian men and women
(2), which is caused by the uncontrolled growth of the ep-
ithelial cells of the colon and rectum layers of the gastroin-
testinal system (3). Attempts have been made to identify
new biomarkers or a set of biological indicators that are
prestigious and essential to clinical trials for the early di-
agnosis of CRC (4).

Currently, studies are focused on various proteins, gly-
coproteins, and cellular and humeral substances that are
involved in the homeostasis mechanisms of the cells as
potential cancer markers (5), and several markers have
been established for cancer detection (6, 7). Recently, re-
searchers have investigated the DNA damage response in
cancer and some of the influential factors in the patho-

genesis of human diseases (8, 9). Growing evidence sup-
ports the measurement of specific biomarkers in the bi-
ological samples of cancer patients (10, 11). Furthermore,
researchers have suggested that the regulatory functions
of circular RNAs and targeting the mammalian target of
rapamycin signaling could be considered in cancer treat-
ment (12, 13). The findings in this regard also indicate that
the CRISPR/Cas9 technology could be used to recognize dis-
ease pathogenesis (14).

Cellular glycosylation changes are important during
the embryonic development and cellular activation and
are regulated by glycosyltransferases enzymes (15). Un-
usual glycosylation is considered to be a sign of malignant
cellular development, which plays a key role in the devel-
opment of this mutation (16).

Fucosyltransferases are the enzymes that are involved
in the addition of fucose to glycan structures (17). One type
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of fucosyltransferase enzymes are expressed in the cells
and have been shown to be responsible for generating var-
ious glycosylated bonds, which are essential to synthesis
of Lewis antigens and transfer fucose residues to glycopro-
tein cells (18). In addition, the high expression of the fu-
cosylated antigens associated with fucosyltransferase has
been reported in colon cancer (19). Fucosyltransferase IV
(FUT4) is an effective biomarker of breast cancer diagnosis
(20). Previous findings have indicated that the function of
tumor suppressants in the prevention of CRC progression
is through the regulation of FUT4 (21).

Elements are crucial nutrients for the activity of antiox-
idant enzymes in several biological processes (22). Zinc
(Zn) and copper (Cu) are two biological elements that are
significantly involved in the activity of diverse enzymes
(23). Researchers have claimed that copper plays a pivotal
role in angiogenesis, which causes tumor, invasion, and
metastasis, and zinc is essential to the immune function
(24-26). The association between oxidative stress and gly-
cobiology has been investigated, as well as the changes in
the structure of glycans in response to the changes in the
redox system. Accordingly, the imbalance of oxidants and
antioxidant enzymes leads to oxidative stress, which is in-
volved in the expression of glycosyltransferase genes and
causes structural and functional changes in glycoproteins,
thereby increasing the risk of chronic diseases such as can-
cer (27).

2. Objectives

The present study aimed to assess the concentrations
of the FUT4 enzyme and copper and zinc as biological ele-
ments in order to determine the difference between these
factors in CRC patients and healthy subjects, as well as the
associations of these factors with the identification of the
mechanisms involved in the development of CRC.

3. Methods

3.1. Patients and Samples

This case-control study was conducted on 40 CRC pa-
tients (20 men and 20 women), who were admitted to
Imam Khomeini Teaching Hospital and Tuba Clinic, affili-
ated to Mazandaran University of Medical Sciences in Sari,
north of Iran, during November 2017-January 2019. The
patients were aged 30 - 70 years, and the CRC diagnosis
was confirmed based on the pathology report. The control
group consisted of 40 healthy volunteers (8 males and 32
females) aged 30 - 70 years. To reduce and control the ef-
fects of confounders, the selection of the study and control

groups was matched to the age range, region, and demo-
graphic characteristics.

A metal-free sterile tube was used to collect five
milliliters of venous blood, and the sample was put to a
clot. Afterwards, serum extraction was performed via cen-
trifugation at 3,000 rpm for 10 minutes. The serum sam-
ples with no indication of hemolysis were aliquot into Ep-
pendorf tubes and preserved at the temperature of -80°C
before assaying.

3.2. Inclusion Criteria

The inclusion criteria of the study were age of 30 - 70
years, CRC patients not diagnosed based on consultation
with a gastroenterologist, and receiving no chemotherapy
and radiotherapy treatments at the time of the study.

3.3. Exclusion Criteria

The exclusion criteria were patients aged more than
70 and less than 30 years, patients undergoing chemother-
apy and radiotherapy, smoking habits, and history of other
cancers and malignant/autoimmune diseases.

In the present study, ELISA based on the Biotin double-
antibody sandwich technology was used to measure the
human FUT4 in the sera. Prior to the assay and to defrost
the serum samples thoroughly, they were maintained at
room temperature for roughly 30 minutes. The human
FUT4 enzyme-linked immunosorbent assay kit (Bioassay
Technology Laboratory, E1951Hu) was used to specify the
FUT4 in duplicate. The assays were carried out in accor-
dance with the instructions of the manufacturer.

After preparing five dilutions of the basic standard,
50 microliters of the standard solution were added to the
standard solution well. In addition, 40 microliters of the
sample and 10 microliters of the FUT4 antibodies were
added to the sample well, and only 50 microliters of chro-
mogens and stop solution were added to the blank well.
Following that, the wells were gently shaken to be mixed
and incubated at the temperature of 37°C for 60 minutes.

After the preparation of the washing solution, each
well was filled with the solution and drained after 30 sec-
onds standing; the procedure was repeated five times and
the plate was also blotted. For color development, 50 mi-
croliters of the chromogenic solution A and B was added
to each well, and after shaking, they were incubated at the
temperature of 37°C for 10 minutes. At the next stage, 50
microliters of the stop solution was added to each well to
discontinue the reaction.

An ELISA reader (Awareness Technology INC Star Fax-
2100) was used to read the data at the wavelength of
450 nanometers. The FUT4 concentrations were speci-
fied through estimation based on the standard curve de-
veloped by plotting the absorbance of the standard and
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matching concentrations. In addition, the plasma zinc
and copper values were determined using Zist Chem Di-
agnostics kits (REF10-517) and Biorexfars-Copper-Bxc0341,
Iran. The assays were performed in accordance with the
instructions of the manufacturers, and the absorbance
was read at 578 nanometers using a spectrophotometer
(UNICO-AJU1104001).

Written informed consent was obtained from the pa-
tients prior to the study. The study protocol was approved
by the Human Subjects Ethics Board of Payame Noor Uni-
versity (Iran), and the research was conducted in accor-
dance with the Helsinki Declaration of 1975 (revised in
2013). All the protocols involving the patients and control
subjects were also approved by the Ethics Committee of
Payame Noor University (code: IR.PNU.REC.1397.036).

3.4. Statistical Analysis

Data analysis was performed in SPSS version 21, and the
data were expressed as mean and standard deviation (SD).
T-test and Mann-Whitney U test were applied to compare
the CRC patients with the control group in terms of the
serum FUT4, zinc, and copper levels. In addition, Spear-
man’s rank correlations were used for the correlation anal-
ysis between the quantitative variables. The receiver op-
erating characteristic (ROC) curve analysis was also per-
formed to determine the significant associations of FUT4,
zinc, and copper and assess the diagnostic performance for
CRC. In all the statistical analyses, the P-value of less than
0.05 was considered significant.

4. Results

Table 1 shows the demographic characteristics of the
CRC patients and healthy controls. The mean age of the
CRC patients was 60 ± 9.42 years (range: 30 - 70 years),
and the mean age of the healthy controls was 43 ± 13.4
years (range: 30 - 70 years). Table 2 and Figure 1 show the
FUT4, copper, and zinc serum levels in the CRC patients and
healthy controls.

According to the findings, the mean FUT4 level of the
CRC patients was 1.01 ± 1.9 ng/mL, which was slightly
higher than the mean FUT4 level of the healthy controls
(0.5 ± 0.64 ng/mL). The serum concentrations of zinc and
copper reduced significantly in the CRC patients compared
to the healthy controls (P < 0.001). The mean copper level
was 83.9± 15.61 and 101.4± 15.69µg/dL in the CRC patients
and healthy controls, respectively. The mean zinc level was
77.44± 18.09 and 94.6± 15.35µg/dL in the CRC patients and
healthy controls, respectively. Table 3 shows the Pearson’s
correlation-coefficient (r) and P-value of the FUT4, copper,

Table 1. Demographic Characteristics of CRC Patients and Healthy Controls a

Healthy Controls, N = 40 CRC Patients, N = 40

Gender, No. (%)

Female 32 (80) 20 (50)

Male 8 (20) 20 (50)

Age (y) 43 ± 13.4 60 ± 9.42

Weight (kg) 69.38 ± 8.16 73.32 ± 11.63

Height (cm) 164.48 ± 6.9 164.24 ± 7.21

BMI (kg/m2) 25.61 ± 2.31 27.22 ± 4.3

aValues are expressed as mean ± SD unless otherwise indicated.

Table 2. FUT4, Copper, and Zinc Serum Levels in CRC Patients and Healthy Controls a

CRC Patients Healthy Controls P-Value b

FUT4 (ng/mL) 1.01 ± 1.9 0.5 ± 0.64 0.17 c

Copper (µg/dL) 83.9 ± 15.61 101.4 ± 15.69 0.001 d

Zinc (µg/dL) 77.44 ± 18.09 94.6 ± 15.35 0.001 d

aValues are expressed as mean ± SD unless otherwise indicated
bP-values for case-control comparison by t-test or Mann-Whitney U test where
appropriate.
cMann-Whitney U test
dt-test

and zinc serum levels in the CRC patients and healthy con-
trols. Notably, the area under curve (AUC) was used to ex-
press the results of the ROC curve analysis (Figures 2 and
3). The AUC values of FUT4, copper, and zinc were 0.58, 0.80,
and 0.77, respectively.

Table 3. Pearson’s Correlation-coefficients (r) and P-values between FUT4, Copper,
and Zinc Serum Levels in CRC Patients a Healthy Controls

Correlation-Coefficients r r

Serum FUT4 and Serum Copper -0.049 0.252

Serum FUT4 and Serum Zinc -0.115 -0.09

5. Discussion

The main findings of the present study were the in-
creased FUT4 level and decreased copper and zinc levels
in the serum of the CRC patients compared to the healthy
controls. The slight increase in the level of FUT4 in CRC pa-
tients might accelerate the disease process through the fu-
cosylation of circulating compounds. On the other hand,
altered serum levels of α1, 3-fucosylation may be associ-
ated with the process of CRC. In this regard, fucosylation
might be altered by the zinc and copper status since these
elements have unique properties in biological processes.
Therefore, these elements may affect the changes in the
level of the FUT4 enzyme in CRC patients.
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Figure 1. Levels of FUT4, Copper (Cu), and Zinc (Zn) in Patients with CRC and Healthy Controls Based on ELSIA and Spectrophotometric Method, respectively; A) FUT4, B) Cu, C)
Zn (t-test or Mann-Whitney U test used to compare to respective normal group where appropriate.)

Fucosyltransferases are key enzymes that accelerate
the process of malignancy through the fucosylation of
cellular compounds (28, 29). In a study in this regard,
Laura Muinelo-Romay et al. analyzed the enzyme activ-
ity of alpha-(1, 6)-fucosyltransferase in normal and CRC tis-
sues, reporting a significant increase in the expression of
alpha-(1, 6)-fucosyltransferase in the tumor tissues com-
pared to the normal and transitional tissues, inflamma-
tory lesions, and adenomas (30). Furthermore, researchers
have demonstrated that the expression of alpha-(1, 6)-
fucosyltransferase may be a good prognostic factor for the

prediction of CRC (31).

According to the ROC analysis results in the present
study (Figure 2), the AUC of FUT4 was 0.58. Notably, FUT4
is an effective biomarker of breast cancer diagnosis (20).
Our findings in this regard are inconsistent with the re-
sults of other studies. The slight increase in the serum lev-
els of FUT4 may be attributed to the differences in the can-
cer type, various stages of the disease, and number of the
tested samples in other studies (20, 28-31). For instance,
Taniguchi et al. reported that the expression of glycan is
altered by cellular redox states, suggesting that key redox-
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Figure 2. Analysis of FUT4, Cu, and Zn of Sensitivity and Specificity in CRC Diagno-
sis by ROC (Data of ELISA for FUT4 [larger test result indicated more positive tests]
and spectrophotometric method for Cu and Zn [smaller test results indicated more
positive tests])

related transcription factors are involved in the transcrip-
tional activation of some glycosyltransferase genes (27).

In the present study, the serum levels of copper and
zinc were lower in the CRC patients compared to the
healthy controls, with a significant difference in this re-
gard. With respect to the ROC analysis results (Figure 3),
the AUC of the copper and zinc levels were AUC = 0.80 and
AUC = 0.77, respectively). Therefore, it could be inferred
that copper and zinc deficiencies may be involved in the de-
velopment of CRC. In this regard, Nora et al. reported that
compared to healthy controls, colon cancer patients were
not different in terms of copper concentrations, while zinc
concentrations were significantly lower in the colon can-
cer patients compared to the normal subjects (32). Further-
more, a recent study conducted by Sohrabi et al. on can-
cerous and adjacent non-cancerous tissues with CRC indi-
cated that the median levels of zinc and copper in the can-
cerous tissues were significantly higher than the healthy
tissues, which is inconsistent with our findings. Changes
in zinc levels may be associated with the movement of cir-
culating zinc to the colon cancer tissues and its involve-
ment in the function of the antioxidant enzymes to relieve
oxidative stress (22). In the study performed by Khoshdel
et al. on patients with CRC, the total mean serum cop-
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Figure 3. Analysis CU, ZN of sensitivity and specificity in the diagnosis of CRC by
ROC curve. Data from spectrophotometric method for CU and ZN (considering the
smaller test result indicates more positive test). AUC (CU = 0.8) (ZN = O.77), AUC (0.5
to 0.6) bad, (0.6 to 0.8) fair, (0.8 to 0.9) good, 0.9 to 1) very good or excellent classifer.

per and zinc concentrations in the CRC patients reduced
significantly compared to the control group (24). On the
other hand, a cohort investigation by Stepien et al. demon-
strated that the higher circulating concentration of cop-
per was associated with the development of CRC. This is
inconsistent with the results of the present study, and the
discrepancy could be due to the increased levels of the pro-
inflammatory cytokines that stimulate the hepatic syn-
thesis of the acute-phase reactive protein ceruloplasmin,
which is a major copper transporter (33). Epidemiological
evidence also suggests that altered levels of trace elements
are associated with fatal diseases, such as cancer. Previ-
ous findings have confirmed the altered concentration of
zinc and copper in cancer patients (24). However, the find-
ings regarding the increased/decreased levels of copper
and zinc in CRC patients are conflicting, which could be
due to the differences in the study design, sample sizes,
and other environmental factors.

5.1. Limitations of the Study

One of the limitations of the current research was the
small sample size, which might have decreased the power
of the statistical analysis of the correlation between the
FUT4, zinc, and copper serum levels in the patients. In ad-
dition, no data was available on the stage of CRC.
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5.2. Conclusion

According to the results, the CRC patients had slightly
higher FUT4 levels compared to the healthy controls, while
the serum concentrations of zinc and copper were signifi-
cantly lower in the CRC patients compared to the healthy
subjects. These factors are involved intercellular and in-
tracellular biological processes. Therefore, it could be in-
ferred that copper and zinc deficiencies and the slight in-
crease in FUT4 may be involved in the development of CRC.
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