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Evaluation of L-fucose and Sialic Acid Levels in Patients 
With Colorectal Cancer and Control Subject

Background: Currently, glycans, which are known as functional molecules in the biological system, 
are being under study as potential cancer markers. This study aimed to determine the level of serum 
L-fucose and sialic acid as the biomarkers in patients with colorectal cancer (CRC).

Materials and Methods: The patients with CRC (n=40, 20 men and 20 women) participated in the 
present study. The spectrophotometric method was used to measure the levels of L-fucose and sialic 
acid in the serum of the patients. SPSS v. 21 was used to analyze the obtained data. The results were 
expressed as Mean±SD.

Results: The Mean±SD L-fucose level in patients with CRC was 27.46±4.8 ng/mL, which was 
more than this level in the healthy control group (18.64±3.1 ng/mL). Also, the Mean±SD serum 
concentration of sialic acid in patients with CRC was 2.1±0.41 ng/mL, which was more than the 
Mean±SD sialic acid level of 1.23±0.21 ng/mL in the healthy controls.

Conclusion: Serum concentration of L-fucose and sialic acid increased significantly (P<0.05) in 
patients with CRC compared with the healthy controls. We believe that determining serum L-fucose 
and sialic acid levels could be useful for the detection of CRC patients in the early stage.
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Introduction

olorectal Cancer (CRC) is a common 
malignancy with poor prognosis and 
survival rates, and one of the leading 
causes of cancer-related deaths world-
wide. CRC is a disease originating from 

the epithelial cells lining the colon or rectum of the gas -
trointestinal tract. Symptoms of CRC are blood in the 
stool, change in bowel movements, weight loss, and 

feeling tired. It causes might be old age, lifestyle, and 
genetic disorders. CRC diagnosis is performed by the 
sampling of areas of the colon suspicious for possible 
tumor development.

CRC can be observed in the uncontrolled growth of 
epithelial cells in the colon and rectum layers in the 
gastrointestinal system without clinical symptoms [1]. 
Therefore, studies based on the molecular differences 
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between patients with CRC and healthy sera can be help-
ful for the early diagnosis of CRC [2].

One of the biomarkers in this issue could be glycans. 
They are known as functional molecules in the biological 
system, exist in the form of glycoproteins, glycolipids, 
or other glycoconjugates [3]. Glycosylation is one of the 
most common and complex structural post-translational 
modifications to the proteins [4]. The natural process of 
glycosylation is disrupted through cellular malignancy. 
These changes alter tumor cell surface glycan that binds 
to proteins and lipids at the level of the cancer cells and 
plays a key role in the phenotype and interactions of 
these cells with the surrounding environment [5]. 

Monosaccharides such as L-fucose and sialic acid with 
different glycosylated bonds between different parts of 
the antigens at the cellular surface. Excessive expres-
sion of fucosylated antigens has been reported in many 
cancers, in particular, the high expression of fucosylated 
antigens related to fucosyltransferase has been shown in 
colon cancer [6]. The amount of L-fucose is increased in 
colorectal cancer tissues. L-fucose plays a critical role in 
changing human molecules in immunological response 
and signal transmission pathways [7, 8]. 

Sialic acid-based glycoconjugates cover the surface of 
many different cell types [9]. Sialoglycans are expressed 
in many types of cells. They regulate the structure, sta-
bility, mobility, and function of glycoproteins and gly-
colipids [10]. Therefore, along with clinical diagnostic 
methods, serum levels of L-fucose and sialic acid can be 
measured as an effective marker for cancer detection. In 
this study, serum concentrations of L-fucose and sialic 
acid were used to determine the difference between these 
factors in the group of patients with CRC and healthy 
subjects to find the role of L-fucose and sialic acid as 
diagnostic markers for CRC.

Materials and Methods

Patients and samples

Blood samples were collected from subjects participat-
ing in CRC screening (n=40, 20 men and 20 women) 
in Mazandaran Educational Hospital and Toba Clinic, 
Mazandaran University of Medical Sciences, Sari, Iran, 
from November 2017 and January 2019. Clinical and 
pathological information was collected during the con-
sultation. The healthy control group included 40 healthy 
volunteers (8 males and 32 females), aged 30-70 years. 
To reduce and control other interveners, the selection 
of controlled and studied groups were matched by age, 

region, weight, and nutrition conditions. Also, it was 
one-to-one matching. Pathological and clinical staging 
systems were used for the staging of colorectal cancer. 
Patients are in stage 1 when cancer has grown through 
the muscularis mucosa into the submucosa, and then into 
the muscularis propria. Also, in grade 1 patients (low 
grade) the cancerous tissue looks most like normal cells. 
We had available information on medication use (e.g. 
NSAIDs) and medical history. The inclusion and exclu-
sion criteria apply to both patients and healthy controls. 

The inclusion criteria include CRC patients aged from 
30 to 70 years old, who had been diagnosed by consult-
ing with a gastroenterologist.

Exclusion criteria include patients over 70 years and 
under 30 years;  those undergoing chemotherapy, or ra-
diotherapy;  having other cancers, and malignant and 
autoimmune disease.

A blood sample of 5-mL was taken from each case in a 
sterile tube non-metallic vein. Then, the blood was kept 
to be clotted. Afterward, centrifugation was performed at 
3000 rpm for 10 min to extract the serum. 

In this study, the spectrophotometric method was used 
to measure the levels of L-fucose and sialic acid in sera. 
Measuring L-fucose, is based on oxidation of L-fucose 
to L-fucono-lactone by L-fucose dehydrogenase which 
leads to the reduction of NAD+ to NADH. Therefore, 
the free L-fucose test was based on the amount of NADH 
with the change in absorbance of 340 nm.

Sialic acid measurements were performed based on the 
thiobarbituric acid method. The absorbance of the upper 
red solution of the cyclohexanone phase is determined at 
549 nm in a spectrophotometer (UNICO-AJU1104001).

This study was approved by the Human Subject’s Eth-
ics Board of Payame Noor University and was conducted 
following the Helsinki Declaration of 1975 (revised in 
2013). All protocols involving patients and control sub-
jects were confirmed by the Ethics Committee of Pay-
ame Noor University (Code: IR.PNU.REC.1397.036).

Statistical analysis

SPSS V. 21 was used to analyze the data. The results 
were expressed as Mean±SD. The t-test or Mann-Whit-
ney test were used to compare the colon cancer patients 
and control groups in terms of the serum L-fucose and 
sialic acid levels. Receiver Operating Characteristic 
(ROC) curve analysis was performed to determine the 
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significance of the relationship between L-fucose and 
sialic acid to evaluate the diagnostic function for CRC. 
The values of P<0.05 were statically significant for the 
difference between groups.

Results

Table 1 presents the demographic characteristics in pa-
tient and healthy control groups. Patients (n=40, 20 wom-
en and 20 men) and healthy subjects (n=40, 32 women 
and 8 men) who had inclusion criteria participated in this 
study and the Mean±SD age of patients was 60±9.42 
years (ranged 30-70 years), and the Mean±SD age of 
control group was 43±13.4 years (ranged 30-70 years). 

Table 2 presents the distribution of serum L-fucose and 
sialic acid levels in patient and healthy control groups. 
The Mean±SD L-fucose level was 27.46±4.8 (ng/mL) in 
patients with CRC, which was more than the Mean±SD 
level of L-fucose in the healthy control group (18.64±3.1 
ng/mL). The serum Mean±SD concentration of sialic acid 
in patients with CRC was 2.1±0.41 ng/mL, which was 
more than the Mean±SD sialic acid level of the healthy 
controls (1.23±0.21 ng/mL). Figure 1 demonstrates the 
levels of L-fucose and sialic acid in patients with CRC 
and normal human serum determined by the spectropho-
tometric. The serum concentration of L-fucose and sialic 
acid increased significantly (P<0.05) in patients with 

CRC in comparison to the controls in our study (Figure 
1). The area under the curve (AUC) was used to express 
the results of the ROC curve analysis. AUC of L-fucose 
and sialic acid were 0.93 and 0.98, respectively (Figure 
2). Our results demonstrated that colorectal cancer has 
grown through the mucosa and invaded the muscular 
layer of the colorectal. It has not spread into nearby tis-
sues or lymph nodes.

Discussion

The main findings of this study are that the amount of 
L-fucose and sialic acid in the serum of patients with 
CRC increased when compared with those in the healthy 
controls. Interestingly, higher levels of these factors in 
the serum was associated with changes in the patients’ 
signs and symptoms such as worsening constipation, 
blood in the stool, decrease in stool caliber (thickness), 
loss of appetite, loss of weight, and nausea or vomit-
ing, change in bowel movements, weight loss, feeling 
tired,. In this regard, unusual glycosylation is considered 
as a sign of malignant cellular development [4, 11, 12]. 
L-fucose changes human molecules through the immu-
nological response and signal transmission pathways. 
Researchers reported that serum levels of L-fucose in 
patients with malignant tumors increases [13-15].

L-fucose and Sialic Acid Levels in CRC
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Table 1. Demographic characteristics of patients with colorectal cancer and healthy controls (n=40)

Charactristics
No./Mean±SD

Control Group Patient Group

Gender
Female 32 20

Male 8 20

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

Table 2. Serum L-fucose and sialic acid levels in patients with colorectal cancer and healthy controls

Variables
Mean±SD

P*
Patients with Colorectal Cancer Healthy Control

L-fucose level (ng/mL) 27.46±4.8 18.64±3.1 0.001

Sialic acid level (µg/dL) 2.1±0.41 1.23±0.21 0.001

*P for case-control comparisons obtained by t-test.
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Researchers measured the urine and sera L-fucose in 
healthy subjects and patients with cancer. In this study, 
out of 50 patients with colorectal cancer, 32 cases had 
significantly higher values of urinary free L-fucose com-
pared with the healthy subjects, but free-fucose concen-
trations in serum were similar between the two groups. 
This finding, with respect to the relationship between 
L-fucose with CRC, is contrary to our results, which 
probably is due to differences in test conditions, such 
as enzyme concentration and sera sample volume [7]. 
Other researchers studied serum L-fucose relationships 

with various malignant diseases and reported that serum 
L-fucose in malignant diseases was different from that in 
healthy controls [13, 15]. 

Feijoo-Carnero et al. determined the amount of total 
sialic acid levels in 123 patients with primary colorec-
tal adenocarcinoma and compared the results with 72 
healthy subjects. They suggest that the serum total sialic 
acid could be useful for the detection of CRC patients 
in the early stage. The findings of this research are con-
sistent with our findings [14]. Researchers analyzed the 

 

 

 

 

 

Figure. 1 Level of L-fucose and sialic acid in patients with colorectal cancer and normal human serum by spectrophotometric 
method
A: L-fucose (P<0.05); B: Sialic acid (P<0.05); The t-test was used to compare with the respective normal group

 

 

 

 

 

Figure 2. Analysis of L-fucose and sialic acid of sensitivity and specificity in the diagnosis of colorectal cancer by Receiver 
Operating Characteristic (ROC) curve
Data were collected from the spectrophotometric method for L-fucose and sialic acid (considering the larger test result indi-
cates more positive test). ROC curve analysis shows the area under ROC as 0.93 and 0.98.
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sialic acid and L-fucose composition in human colorec-
tal adenocarcinoma and reported a significant increase 
in these residues in the epithelial cells but no significant 
differences between normal and malignant colorectal tis-
sues in the L-fucose residues [16]. Our findings confirm 
these results.

To investigate the biomarkers in a variety of cancers, 
several markers have been recognized to identify can-
cers [17, 18]. In this regard, it can be noted that in recent 
years, researchers have concentrated on the DNA dam-
age response in cancer and some of the effective factors 
in the pathogenesis of the human disease [19, 20]. There 
is increasing evidence to support the measurement of 
specific biomarkers in biological samples of patients 
with cancer [21, 22]. Furthermore, researchers suggest 
that the regulatory functions of circular RNAs and tar-
geting the mammalian target of rapamycin signaling are 
effective in cancer therapy [23, 24]. Also, much evidence 
supports the CRISPR/Cas9 technology and it can be used 
to better understand the pathogenesis of diseases [25]. 
The relative abundance of seven IgG glycans, fucose, si-
alic acid, galactose, and bisecting change during tumor 
growth in CRC [26]. The caudal-related homeobox pro-
tein 1 in altering the N-glycosylation of colorectal can-
cer cells is important [27]. Further studies are required 
to achieve a greater understanding of these biomarkers 
in human cancer. We believe that this endower will con-
tribute to the development of future research in the area 
of the mechanism of biomarkers to improve the quality 
of life of patients with cancer.

Limitations In addition to all these positive findings 
and recommendations, some of the limitations of our 
study should be noted. First of all, the small sample size 
might result in the loss of the power analysis of L-fucose 
and sialic acid levels in patient sera. Secondly, we did not 
have data on the stage of CRC. 

Conclusion

The results show the sensitivity and specificity of L-fu-
cose and sialic acid as a potential biomarker in the diagno-
sis of the patients with CRC. Serum levels of L-fucose and 
sialic acid could be used as an easy, non-invasive, cost-
effective, biochemical indicator of CRC detection and as a 
prognostic evaluation tool. Further studies on a large scale 
might prove serum L-fucose and sialic acid as an effective 
biomarker in the diagnosis and management of CRC.
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