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Background: The sialylation of serum pro-
teins and lipids changes in liver diseases of
different etiologies and could change the to-
tal sialic acid (TSA), lipid-bound SA (LSA),
and free SA (FSA) levels in the sera. How-
ever, little is known of the relationship of
serum SAs concentrations and the severity
of liver disease. Therefore, the aim of this
study was to investigate the SAs concen-
trations (TSA, LSA, and FSA) in liver cir-
rhosis in relation with the severity of liver
disease. Methods: Tested group consisted
of 91 consecutive patients suffering from
liver cirrhosis. For each patient, the Child-
Pugh score was calculated. TSA and LSA
were determined by the enzymatic method

on microplate reader, and FSA using the
thiobarbituric method. Results: Among the
SA forms, only the serum FSA level in liver
cirrhosis appears to be different according
to the severity of liver damage evaluated
by the Child-Pugh score. It was the high-
est in score C, and was higher than that
in scores B and A. The elevated levels of
FSA significantly positively correlated with
the Child-Pugh score. Conclusion: In con-
clusion, the sialylation of serum proteins
and lipids changes in liver cirrhosis, but
only the serum concentrations of FSA are
stage-related and reflect the severity of liver
disease. J. Clin. Lab. Anal. 28:465–468,
2014. C© 2014 Wiley Periodicals, Inc.
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Sialic acid (SA) is acetylated derivative of neuraminic
acid that mainly occupies the terminal position on the
carbohydrate chains of glycoproteins and glycolipids (1).
SA may also exist as free form but this form is scarce in
organisms (2). Total SA (TSA) is a sum of protein-bound
SA (PBSA), lipid-bound SA (LSA), and free SA (FSA).
The sialylation patterns of glycoproteins and glycolipids
are highly variable and depend on the liver status (3).
Glycosylation of proteins and lipids mediates many types
of glycosyltransferases, but the most important for SA
is α2,6-sialyltransferase, which transfers SA to a terminal
galactose (4). The previous works demonstrated that α2,6-
sialyltransferase is downregulated in human alcoholics
and is caused by downregulation of its gene expression
(5). Other authors found that the activity and mRNA for
this enzyme can undergo up- or downregulation in differ-
ent hepatocellular carcinoma, but not in cirrhosis (4). On
the other hand, there are evidence that the chronic stress
associated with chronic liver disease decreases the activ-
ity of sialyltransferase in the liver (6). Our previous work
demonstrated that LSA concentration in liver cirrhosis

does not differ from that in the healthy subjects, but we
did not evaluate the severity of liver damage (7). Other
authors also did not estimate the LSA and FSA accord-
ing to the stage of the liver disease (8–10). In turn, TSA
concentration was decreased in liver cirrhosis of nonalco-
holic origin and FSA increased in cirrhosis of alcoholic
origin (11). The biochemical mechanism that links stress
and the sialyltransferase activity in the liver disposed us to
test the serum SA concentrations in liver cirrhosis, taking
into account the degree of organ damage. Therefore, the
aim of this study was to investigate the SAs concentra-
tions (total, lipid-bound, and free form) in liver cirrhosis
in relation with the severity of disease.
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The tested group consisted of 91 consecutive patients
(30 females and 61 males; mean age: 59 years, range: 20–
84 years) admitted to the Department of Infectious Dis-
eases and Hepatology. The diagnosis of liver cirrhosis was
performed on the basis of signs and symptoms of the dis-
ease, physical and clinical exam (abdominal ultrasound,
liver biopsy in selected cases), and biochemical liver panel.
The serological tests (surface antigen of hepatitis B virus
(HBsAg), hepatitis C antibody (anti-HCV)) were also
used to support the diagnosis of viral infections. Because
alcoholic cirrhosis was diagnosed in 58 patients, all pa-
tients were interviewed regarding their use of alcohol and
examined for recent alcohol use by the determination of
blood alcohol concentration. The causes of nonalcoholic
cirrhosis were infections of HBV in 14 patients, infections
of HCV in 9 patients, and unidentified factors in the re-
maining patients. For each patient, the Child-Pugh score
was calculated. Eighteen patients were classified as Child-
Pugh class A, forty patients as class B, and thirty-three
patients as class C. The diagnosis of hepatic encephalopa-
thy was based on results of a physical examination, elec-
troencephalography, and blood ammonia concentration.
The fluid accumulation in the abdominal cavity (ascites)
was diagnosed on the basis of physical examination and
confirmed by ultrasound or CT scan of the abdomen. Be-
fore admission to the hospital the patients were not treated
with drugs. The control group consisted of 50 healthy sub-
jects recruited from hospital workers (mean age: 55 years,
range: 22–65 years). All subjects (healthy and sick) gave
their consent to participate in the studies. Blood samples
for laboratory tests were taken by vein puncture once, after
admittance before treatment. The study was approved by
the Bioethical Committee working at the Medical Univer-
sity in Bialystok. All patients provided informed written
consent.

TSA concentration in the serum was measured ac-
cording to the enzymatic method (EnzyChrom Sialic
Acid Assay Kit, BioAssay System, Hayward, CA) using
the colorimetric procedure. LSA concentration was
measured according to the same enzymatic method
followed by the precipitation step. All reagents for the
first step were delivered by Sigma-Aldrich Chemie GmbH
(Steinheim, Germany). FSA was determined using the
thiobarbituric method of Skoza and Mohos (12). Total
bilirubin and albumin in the sera were determined by
Abbott methods (Abbott Wiesbaden) on the Architect
c8000 analyzer (Abbott Laboratories, Abbott Park, IL).
Ammonia in the plasma was assayed by an enzymatic
method (Abbott, Wiesbaden, Germany) on the Architect
c8000 analyzer. The prothrombin time was measured on
the STA Compact Hemostasis Analyzer (Diagnostica
Stago, Gennevilliers, France).

To test the effect of severity of liver diseases on the
concentrations of TSA, LSA, and FSA, the ANOVA

rank Kruskal–Wallis test was performed. Because the
chance of finding one or more significant differences in
three tested groups (class A, B, and C) was only 14.26%
(Bonferroni correction factor), we performed the non-
parametric multiple comparison test (posthoc analysis).
The differences between tested and control groups were
evaluated by Mann–Whitney U test. To analyze the cor-
relation, the Spearman’s rank correlation coefficient was
used.

There were differences in TSA concentration when com-
pared to the control group. In scores A (1.82 ± 0.40
mmol/l), B (1.90 ± 0.47 mmol/l), and C of Child-Pugh
(1.73 ± 0.53 mmol/l), TSA levels were significantly lower
than that in the control group (2.06 ± 0.21 mmol/l;
P = 0.011, P = 0.013, and P = 0.016, respectively).
There were no significant differences in the serum TSA
and LSA concentrations between degrees of liver damage
(H = 1.484, P = 0.476 for TSA and H = 1.391, P = 0.499
for LSA). The serum level of FSA in liver cirrhosis appears
to be different according to the severity of liver damage
(H = 8.662, P = 0.013; Fig. 1). Posthoc analysis revealed
that the mean FSA concentration was highest in score
C (mean ± SD, 183 ± 38 μmol/l), and was higher than
that in score B (164 ± 31 μmol/l, P = 0.042) and score
A (160 ± 36 μmol/l, P = 0.034). FSA levels in score C
were significantly higher than that in the control group
(157 ± 21 μmol/l, P = 0.001). The analysis of correla-
tion revealed that only the FSA levels significantly pos-
itively correlated with the Child-Pugh score (R = 0.317,
P = 0.002).

In our previous works, the changes in TSA, LSA, and
FSA in liver disease of different etiologies were docu-
mented (7, 11). However, little is known of the relation-
ship of these markers and the severity of liver diseases.
Our results suggest that the FSA may become a marker
for the degree of liver impairment in the course of liver
cirrhosis. When the degree of cirrhosis reaches a Child-
Pugh score C, the level of FSA became the highest and
is higher than that in scores A and B. This relation may
be explained by the decreased sialyltransferase activity,
which accompanied chronic liver diseases. It has been re-
ported that chronic stress during chronic liver diseases
is associated with the decreased activity of sialyltrans-
ferase in the liver (6). The relation between FSA and the
severity of liver cirrhosis is supported by the positive cor-
relation between FSA and Child-Pugh score. The second
possibility of explanation is the effect of alcohol abuse,
because FSA can be a useful marker of chronic alcohol
consumption (13). However, there was no correlation be-
tween FSA and weekly alcohol intake, and the duration
of dependence (data not presented). Therefore, the rela-
tion of FSA with the severity of liver cirrhosis should be
interpreted as an alteration in sialylation of proteins and
lipids in liver disease.
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Fig. 1. Serum FSA levels classified according to the severity of liver cirrhosis.

Because the metabolism (synthesis, degradation, stor-
age, and glycosylation) of lipids and lipoproteins is
attributed to the liver, the liver diseases may affect the
serum level of SA bounded with glycolipids, thus LSA.
The most characteristic glycolipids in the blood are gan-
gliosides (14). Despite the fact that the LSA concentration
differs significantly between liver diseases of different eti-
ology, the severity of liver disease does not affect the LSA
level. The reason for this phenomenon might be the lack
of differences in light-density lipoprotein (LDL) concen-
trations in relation with the severity of liver cirrhosis (data
in authors). Because the LDL particles transport most of
the gangliosides in the blood (66%), most of the SAs are
bounded with them. It can be assumed that if the LDL
concentration does not change, then LSA concentration
does not change as well.

Total SA (TSA) is not changed in liver cirrhosis ac-
cording to the severity of disease, although as we previ-
ously demonstrated, TSA concentration in nonalcoholic
liver cirrhosis was significantly decreased in comparison
to the control group (11). Among the various forms of
SA, the PBSA is predominant and has the strongest in-
fluence on the total concentration of SA. Because the
synthesis of some proteins in liver cirrhosis increases and
other decreases, finally, the SA attached to proteins does
not change. The multidirectional changes in proteins syn-
thesis in the liver cirrhosis are stage-related, therefore the
level of SA bounded with these proteins does not change
in relation with the severity of liver cirrhosis. Our findings

show that the sialylation in liver cirrhosis is stage-related,
but only FSA, and not TSA and LSA, concentration re-
flects the severity of liver disease.
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