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Abstract
Objective: To determine plasma apolipoprotein M (apoM) levels and other lipid profiles in
hepatocellular carcinoma (HCC) patients compared to other chronic liver diseases and normal
subjects.
Materials and methods: 36 HCC, 68 chronic hepatitis, 29 liver cirrhosis patients and 64 normal
controls were subjected in the present study. Serum lipids, lipoproteins, apolipoprotein AI (apoAI)
and apoB were determined by the conventional methods. Plasma apoM levels were semiquantitatively determined by both dot-blotting and western blotting analysis.
Results: Serum levels of triglycerides (TG), HDL-cholesterol, apoAI and lipoprotein (a) (Lp(a))
were significantly lower in the HCC patients than in the normal subjects, whereas there were no
obvious differences on serum total cholesterol, LDL-cholesterol and apoB between HCC patients
and normal subjects. However, plasma apoM levels in HCC patients were significantly increased
than those in the normal subjects, but lower than those in the chronic hepatitis and cirrhosis
patients.
Conclusion: It is concluded that serum TG, apoAI, HDL-C and Lp(a) were significantly decreased
in HCC patients than in controls, whereas plasma apoM levels were significantly increased in the
HCC patients. Decreased serum TG, apoAI, HDL-C and Lp(a) may reflect the liver damage in HCC
patients, whereas the clinical significance of increased plasma apoM levels in relation to HCC is not
clear.
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Introduction
Hepatocellular carcinoma (HCC) is one of the most common fatal malignant tumors in China and in other Southeast Asian countries [1,2], which has been attributed to
the high incidence of hepatitis B infection [3-5]. Most
plasma apolipoproteins, endogenous lipids and lipoproteins are synthesized by liver, which depends on the integrity of cellular liver functions. Under normal
physiological conditions, liver ensures homeostasis of
lipid and lipoprotein metabolism. It has been demonstrated that plasma lipid profiles could be changed in the
HCC patients [6]. In majority of the reports, plasma levels
of triglycerides (TG), cholesterol, free fatty acids (FFA),
high-density lipoprotein (HDL), low-density lipoproteins
(LDL), lipoprotein (a) (Lp(a)), apolipoprotein AI (apoAI)
and apoB were slightly to significantly decreased in the
HCC patients, however, in certain cases plasma levels of
TG and Lp(a) might even increase [7-9]. It has been suggested that analysis of plasma levels of lipids, lipoproteins
and apolipoproteins in HCC patients may reflect the status of hepatic cellular impairments [8], and decreased
serum levels of cholesterol and apoAI may indicate a poor
prognosis [7-9].
As apoM is exclusively expressed in hepatocytes and kidney tubular cells [10,11], the plasma apoM levels may also
be changed in the HCC patients and in other liver diseases. In the present study we examined plasma levels of
lipids, lipoproteins, apoAI, apoB and apoM in the HCC
patients compared with the other liver diseases and normal subjects.
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and western blotting analysis with a specific rabbit antihuman apoM antibody [12]. In brief for dot blotting analysis, 2 μl plasma samples were applied to the Hybond-C
membrane in triplicate. All samples were applied in the
same membrane. The membrane was quenched in TBS
buffer in the presence of 4% Tween and 3% BSA for 4 hrs,
and then incubated with 1:4000 diluted primary antibodies at 4°C overnight. After washing 4 times with TBS
buffer, it was incubated with AP conjugated goat anti-rabbit IgG antibody (Southern Biotech, USA) for 4 hrs at
room temperature, and then visualized by NBT/BCIP
method (Sino-American Biotechnology Co. Shanghai,
China), according to the manufacturer's instruction.
Plasma apoM levels were also determined by the western
blotting analysis. 5 μl plasma was fractionated by SDSpolyacrylamide gel electrophoresis (SDS-PAGE), transferred to nitrocellulose membrane, and incubated with
rabbit against human apoM polyclonal antibodies. AP
conjugated goat anti-rabbit IgG antibody was used as the
secondary antibody. The relative amount of apoM was
analyzed by a scanner using Quantity One (Version4.2.1,
Bio-Rad Laboratories, Hercules, USA) and represented as
volume (intensity/mm2).
Statistical analysis
Statistical analysis was performed with SPSS13.0 software.
Differences of serum lipid profiles and plasma apoM levels between patients and controls were analyzed by the
one-way ANOVA followed the Newman-Keuls multiple
comparison tests. Data are expressed as means ± SE. A p
value less than 0.05 (P < 0.05) was considered as significant.

Materials and methods
Patients and controls
36 surgical operated HCC patients (29 men and 7 women,
aged from 29 to 83 years old, mean age is 57 years old),
68 chronic hepatitis patients (53 men and 15 women, 16–
72 years old, mean age is 37 years old) and 29 liver cirrhosis patients (21 men and 8 women, 38–79 years old, mean
age is 52 years old) were subjected in the present study. 64
normal subjects (44 men and 20 women, 28–71 years old,
mean age is 43 years old) were selected as controls. All
normal subjects were confirmed by blood biochemical
tests, virus tests and B-type ultrasonic inspection to
exclude hepatitis or other liver diseases. The present study
was approved by the local ethics committee.

Results

Determinations of serum lipid profile and plasma apoM
levels
Serum levels of TG, TC, HDL-cholesterol and LDL-cholesterol were determined by enzymatic method, and serum
levels of apoAI and apoB were determined by the turbidity
method. All samples were carried out on the Beckman LX420 automatic biochemistry analyzer. Plasma apoM levels
were semi-quantitatively determined by both dot-blotting

Plasma apoM levels in HCC, chronic hepatitis, liver
cirrhosis and normal subjects
As shown in Fig 1, the plasma relative apoM levels in HCC
patients were 712.87 ± 345.98 Int/mm2, which was significantly higher than those in the normal subjects (433.70
± 79.53 Int/mm2) (t = 3.399, P < 0.05). ApoM levels were
even higher in the patients suffered from chronic hepatitis
and cirrhosis, the later with highest plasma apoM levels.

Serum lipid profiles in different liver diseases and in
controls
As shown in table 1, both serum levels of Lp (a) and apoAI
were significantly decreased in the patients suffered from
HCC, chronic hepatitis or liver cirrhosis. And in HCC
patients, serum levels of triglycerides and HDL-C were
also statistically significantly decreased compared with
those in normal subjects. There were no obvious changes
on serum cholesterol, LDL-cholesterol and apoB between
HCC patients and normal subjects. However, in the
patients with liver cirrhosis, serum levels of TG and HDLcholesterol were even higher than those in the controls.
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Table 1: Lipid profiles in normal subjects and in the patients suffered from hepatocellular carcinoma (HCC), chronic hepatitis or liver
cirrhosis

Parameter

Means ± SD

T-Chol (mmol/L)
Normal (n = 64)
HCC (n = 36)
Chronic hepatitis (n = 68)
Liver cirrhosis (n = 29)

4.65 ± 0.87
4.41 ± 1.85
4.63 ± 1.00
5.70 ± 2.62

TG (mmol/L)
Normal
HCC
Chronic hepatitis
Liver cirrhosis

1.59 ± 0.81
1.12 ± 0.57
2.15 ± 0.64
1.90 ± 0.64

HDL-C (mmol/L)
Normal
HCC
Chronic hepatitis
Liver cirrhosis

1.30 ± 0.36
1.06 ± 0.45
1.27 ± 0.55
1.66 ± 0.99

LDL-C (mmol/L)
Normal
HCC
Chronic hepatitis
Liver cirrhosis

2.73 ± 0.66
2.37 ± 0.79
3.48 ± 6.04
2.73 ± 1.08

P value

4.761

0.003

19.337

6.139

Lp(a) (mg/L)
Normal
HCC
Chronic hepatitis
Liver cirrhosis

159.41 ± 123.06
87.64 ± 56.39
89.80 ± 54.75
101.97 ± 119.23

ApoAI (g/L)
Normal
HCC
Chronic hepatitis
Liver cirrhosis

1.24 ± 0.16
1.13 ± 0.24
1.08 ± 0.26
1.03 ± 0.31

ApoB (g/L)
Normal
HCC
Chronic hepatitis
Liver cirrhosis

1.07 ± 0.37
0.90 ± 0.48
1.02 ± 0.28
1.07 ± 0.53

ApoM (Int/mm2)
Normal
HCC
Chronic hepatitis
Liver cirrhosis

F value

0.444

7.770

0.000

80.657

0.000

Discussion
In the present study it is demonstrated that both apoAI
and Lp(a) were significantly decreased in the patients suffered from either HCC, chronic hepatitis or liver cirrhosis,

0.439
0.929
0.002

0.480
0.001

0.001

0.001
0.000
0.044

0.000
0.000

0.101

0.043
0.816
0.005

0.064
0.000

0.003

0.000
0.000
0.006

0.910
0.537

0.555

0.021
0.000
0.000

0.352
0.124

0.384

0.017
0.000
0.000

0.000
0.000

0.000

0.000

0.175

In the present study plasma apoM levels were semi-quantified by both dot-blotting and western blotting analysis,
and similar results were obtained from both methods.

vs. CH

0.001

1.669

433.70 ± 79.53
712.87 ± 345.98
1318.77 ± 752.34
2252.46 ± 790.45

vs. HCC

0.000

0.896

7.200

vs. Normal

which indicates that apoAI and Lp(a) can be considered as
a stable index of liver damage. Interestingly in the present
study, we demonstrated that plasma apoM levels were significantly increased in the HCC patients, whereas serum
TG, apoAI, HDL-C and Lp(a) were significantly lower in
HCC patients than in controls. Decreased serum TG,
apoAI, HDL-C and Lp(a) may reflect the liver damage in
HCC patients, however, the clinical significance of
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changes on serum LDL-cholesterol in HCC patients compared with controls. Ahaneku, et al., [19] analyzed HDLfraction levels including HDL-C, HDL-phospholipids
(HDL-PL) and the ratio of HDL-C/HDL-PL, in HCC
patients and compared with the controls. They found that
plasma HDL-C, HDL-PL and HDL-C/HDL-PL were significantly lower in HCC patients than those in the controls.
Motta, et al., [14] studied 40 patients with HCC, and evaluated the LDL-C, HDL-C. In patients with HCC, LDL-C
level was significantly lower than in the controls. Kanel, et
al., [20] reported that patients with primary or metastatic
liver cancer had strikingly decreased HDL-C. Ooi, et al.,
[8] suggested that HDL-C may be clinically useful to
reflect the pathologic conditions, and can be used to evaluate the severity of liver diseases.

Figure 1 liverof
Comparisons
hepatitis,
cirrhosis
plasma apoM
and inlevels
controls
in HCC patients, chronic
Comparisons of plasma apoM levels in HCC patients,
chronic hepatitis, liver cirrhosis and in controls.
Plasma apoM levels were determined by dot blotting analysis.
Data are represented as means ± SE and it expressed as the
intensity/mm2 that was analyzed by the software of Quantity
One. * < 0.05; ** < 0.01 vs. controls.

increased plasma apoM levels in relation to HCC is not
clear.
The patients with HCC frequently have other liver diseases such as chronic hepatitis and/or cirrhosis. All these
conditions (hepatitis and cirrhosis of the liver) are often
associated with plasma lipid and lipoprotein aberrations
[13]. In the present study we demonstrated that serum TG
was significantly decreased in HCC patients than in the
normal subjects, which was similar to the reported data
that plasma TG decreased by 20–30% in the patients with
HCC [14]. However, Alsabti, et al., [15] reported that
serum TG in HCC patients were even increased when
compared to those with cirrhosis. Ooi, et al., [8] reported
that plasma TG levels in HCC patients were not significantly different compared with the controls. These results
emphasize the fact that changes of plasma lipid profile
may not always imply the presence of HCC and one need
to exercise caution in interpreting these results.
About 80% endogenous cholesterol are synthesized in the
hepatocellular microsomes that contain cholesterol synthesis enzymes [16,17]. In HCC and chronic liver diseases
the synthesis and metabolism of cholesterol are impaired.
It leads to a decrease in plasma cholesterol levels
[8,14,18,19]. In the present study we demonstrated that
total cholesterol, apoB and HDL-cholesterol were
decreased in HCC patients, and there were no obvious

Liver represents the main site of Lp(a) synthesis [21-23].
Half-life of Lp(a) is about 3.3–3.9 days in human plasma
[24], which is influenced in the early stage when liver
function was impaired [21]. Lp(a) is synthesized and
metabolized independently of other plasma lipoproteins,
and Lp(a) level is not influenced by various dietary
manipulations [25]. It has been reported that serum Lp(a)
were significantly lower in the HCC patients [26,27]. The
similar results were obtained in the present study. However, Geiss, et al., [28] observed patients with acute hepatitis showed a marked increase in Lp(a) concentration,
i.e., 7 mg/dL in acute stage and 32 mg/dL in the convalescence of the disease. Basili, et al., reported that Lp(a)
could also be increased in the patients suffered from HCC
together with cirrhosis [29]. It has been demonstrated that
Lp(a) together with ferritin and alpha-fetoprotein could
be a sensitive and early marker to evaluate liver function
[14]. As Lp(a) has positive correlation with the hepatic
status, it has been suggested that Lp(a) could be considered as a index of liver function [14,23,30].
Liver is the main organ for the synthesis, storage, transportation and degradation of certain apolipoproteins [31].
Each protein may be influenced by liver disease in a different way, and serum lipoprotein concentrations with faster
turn-over are more reduced with respect to those with
slower turn-over [32]. It is reported that serum concentrations of apoAI and apoAII were significantly lower in the
patients suffered from HCC [7,9], but an increase in the
proportion of proapoAI was found in patients with HCC
[33]. In the present study we demonstrated that both
apoAI and apoB were significantly decreased in HCC
patients compared with the normal subjects. Decreased
serum apoAI and apoB levels may reflect the liver damage
in HCC patients, as most HCC patients are companied
with chronic liver injury. Interestingly in the present study
we demonstrated that plasma apoM levels were significantly increased in the HCC patients than in controls, and
apoM levels were even higher in the patients suffered from
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chronic hepatitis and liver cirrhosis, which may relate to
the aberration of host immune system. The detailed
mechanism needs further investigation.

http://www.lipidworld.com/content/7/1/25

18.
19.

Competing interests
The authors declare that they have no competing interests.

Authors' contributions
JJ designed the study and drafted the manuscript. XZ and
CW participated in the experimental instruction. XQ provided clinical samples. GL, HD and ML carried out data
analysis and figure formatting. BX, ML and MJ performed
all of the experiments. NX drafted the manuscript,
designed the study and coordination. All authors have
read and approved final manuscript.

20.
21.

22.

23.
24.

Acknowledgements
This work was supported by grants of the National Natural Science Foundation of China (NSFC, 30570752).

25.

References

26.

1.
2.

3.
4.
5.
6.
7.
8.
9.

10.

11.
12.
13.

14.
15.
16.
17.

Nissen NN, Martin P: Hepatocellular carcinoma: the high-risk
patient. J Clin Gastroenterol 2002, 35(5 Suppl 2):S79-85.
Zhang SW, Li LD, Lu FZ, Mu R, Sun XD, HuangP XM, Sun J, Zhou YC,
XD D: Mortality of primary liver cancer in China from 1990
through 1992(Chinese article). Chinese Journal of Oncology 1999,
21(4):245-249.
Harrison TJ, Chen JY, Zuckerman AJ: Hepatitis B and primary
liver cancer. Cancer Treat Rev 1986, 13(1):1-16.
Buendia MA: Mammalian hepatitis B viruses and primary liver
cancer. Semin Cancer Biol 1992, 3(5):309-320.
Rabe C, Cheng B, Caselmann WH: Molecular mechanisms of
hepatitis B virus-associated liver cancer. Dig Dis 2001,
19(4):279-287.
Jiang J, Nilsson-Ehle P, Xu N: Influence of liver cancer on lipid
and lipoprotein metabolism. Lipids Health Dis 2006, 5:4.
Fujii S, Koga S, Shono T, Yamamoto K, Ibayashi H: Serum apoprotein A-I and A-II levels in liver diseases and cholestasis. Clin
Chim Acta 1981, 115(3):321-331.
Ooi K, Shiraki K, Sakurai Y, Morishita Y, Nobori T: Clinical significance of abnormal lipoprotein patterns in liver diseases. Int J
Mol Med 2005, 15(4):655-660.
Hachem H, Favre G, Raynal G, Blavy G, Canal P, Soula G: Serum
apolipoproteins A-I, A-II and B in hepatic metastases. Comparison with other liver diseases: hepatomas and cirrhosis. J
Clin Chem Clin Biochem 1986, 24(3):161-166.
Zhang XY, Dong X, Zheng L, Luo GH, Liu YH, Ekstrom U, NilssonEhle P, Ye Q, Xu N: Specific tissue expression and cellular
localization of human apolipoprotein M as determined by in
situ hybridization. Acta Histochem 2003, 105(1):67-72.
Xu N, Dahlback B: A novel human apolipoprotein (apoM). J Biol
Chem 1999, 274(44):31286-31290.
Xu N, Nilsson-Ehle P, Hurtig M, Ahren B: Both leptin and leptinreceptor are essential for apolipoprotein M expression in
vivo. Biochem Biophys Res Commun 2004, 321(4):916-921.
Cicognani C, Malavolti M, Morselli-Labate AM, Zamboni L, Sama C,
Barbara L: Serum lipid and lipoprotein patterns in patients
with liver cirrhosis and chronic active hepatitis. Arch Intern
Med 1997, 157(7):792-796.
Motta M, Giugno I, Ruello P, Pistone G, Di Fazio I, Malaguarnera M:
Lipoprotein (a) behaviour in patients with hepatocellular
carcinoma. Minerva Med 2001, 92(5):301-305.
Alsabti EA: Serum lipids in hepatoma.
Oncology 1979,
36(1):11-14.
Krisans SK: Cell compartmentalization of cholesterol biosynthesis. Ann N Y Acad Sci 1996, 804:142-164.
Grunler J, Olsson JM, Dallner G: Estimation of dolichol and cholesterol synthesis in microsomes and peroxisomes isolated
from rat liver. FEBS Lett 1995, 358(3):230-232.

27.

28.
29.
30.
31.
32.
33.

Cooper ME, Akdeniz A, Hardy KJ: Effects of liver transplantation
and resection on lipid parameters: a longitudinal study. Aust
N Z J Surg 1996, 66(11):743-746.
Ahaneku JE, Taylor GO, Olubuyide IO, Agbedana EO: Abnormal
lipid and lipoprotein patterns in liver cirrhosis with and without hepatocellular carcinoma.
J Pak Med Assoc 1992,
42(11):260-263.
Kanel GC, Radvan G, Peters RL: High-density lipoprotein cholesterol and liver disease. Hepatology 1983, 3(3):343-348.
Malaguarnera M, Trovato G, Restuccia S, Giugno I, Franze CM,
Receputo G, Siciliano R, Motta M, Trovato BA: Treatment of nonresectable hepatocellular carcinoma: review of the literature and meta-analysis. Adv Ther 1994, 11(6):303-319.
Kraft HG, Menzel HJ, Hoppichler F, Vogel W, Utermann G: Changes
of genetic apolipoprotein phenotypes caused by liver transplantation. Implications for apolipoprotein synthesis. J Clin
Invest 1989, 83(1):137-142.
Malaguarnera M, Giugno I, Trovato BA, Panebianco MP, Restuccia N,
Ruello P: Lipoprotein(a) in cirrhosis. A new index of liver functions? Curr Med Res Opin 1996, 13(8):479-485.
Krempler F, Kostner GM, Roscher A, Haslauer F, Bolzano K, Sandhofer F: Studies on the role of specific cell surface receptors
in the removal of lipoprotein (a) in man. J Clin Invest 1983,
71(5):1431-1441.
Albers JJ, Adolphson JL, Hazzard WR: Radioimmunoassay of
human plasma Lp(a) lipoprotein.
J Lipid Res 1977,
18(3):331-338.
Samonakis DN, Koutroubakis IE, Sfiridaki A, Malliaraki N, Antoniou P,
Romanos J, Kouroumalis EA: Hypercoagulable states in patients
with hepatocellular carcinoma. Dig Dis Sci 2004, 49(5):854-858.
Motta M, Pistone G, Franzone AM, Romeo MA, Di Mauro S, Giugno
I, Ruello P, Malaguarnera M: Antibodies against ox-LDL serum
levels in patients with hepatocellular carcinoma. Panminerva
Med 2003, 45(1):69-73.
Geiss HC, Ritter MM, Richter WO, Schwandt P, Zachoval R: Low
lipoprotein (a) levels during acute viral hepatitis. Hepatology
1996, 24(6):1334-1337.
Basili S, Andreozzi P, Vieri M, Maurelli M, Cara D, Cordova C, Alessandri C: Lipoprotein (a) serum levels in patients with hepatocarcinoma. Clin Chim Acta 1997, 262(1-2):53-60.
Van Wersch JW: The behaviour of lipoprotein(a) in patients
with various diseases. Scand J Clin Lab Invest 1994, 54(7):559-562.
Lewis GF, Rader DJ: New insights into the regulation of HDL
metabolism and reverse cholesterol transport. Circ Res 2005,
96(12):1221-1232.
Phillips GB: The lipid composition of serum in patients with
liver disease. J Clin Invest 1960, 39:1639-1650.
Matsuura T, Koga S, Ibayashi H: Increased proportion of proapolipoprotein A-I in HDL from patients with liver cirrhosis and
hepatitis. Gastroenterol Jpn 1988, 23(4):394-400.

Publish with Bio Med Central and every
scientist can read your work free of charge
"BioMed Central will be the most significant development for
disseminating the results of biomedical researc h in our lifetime."
Sir Paul Nurse, Cancer Research UK

Your research papers will be:
available free of charge to the entire biomedical community
peer reviewed and published immediately upon acceptance
cited in PubMed and archived on PubMed Central
yours — you keep the copyright

BioMedcentral

Submit your manuscript here:
http://www.biomedcentral.com/info/publishing_adv.asp

Page 5 of 5
(page number not for citation purposes)

