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Abstract
 Objective: To identify potential serum markers of hepatic carcinoma in rats through Surface-Enhanced Laser Desorption Ioniza-
tion-Time of Flight-Mass Spectrometry(SELDI-TOF-MS) Technology. Methods: A rat model of hepatic carcinoma was established.
The serum samples of hepatic carcinoma and normal rats were analyzed via SELDI-TOF-MS Technology. The changes of the serum
protein fingerprint patterns were observed between the experimental group of hepatic carcinoma and the controls. The analysis was
conducted by statistical software-Biomarker Wizard. Results: Fifty-six protein peaks in the serums were found. Within m/z 0-20 000,
the protein peaks of m/z 1158, 8 835 and 15 302 of hepatic carcinoma serums were obviously higher in the rat models compared with
those in the controls(P < 0.01). Conclusion: Three peaks were considered as potential biomarkers according to the serum protein
fingerprint patterns of the hepatic carcinoma group and the control group.
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INTRODUCTION
 Hepatic carcinoma is one of the leading causes of
death in the world. The occurrence of hepatic carcinoma
in china is especially high with the mortality rate up to
50 percent[1-2]. The traditional hepatic carcinoma diag-
nostic marker-alpha-fetoprotein(AFP) doesn’t have
high specificity and sensitivity, so that researchers have
been seeking other more sensitive and specific molecular
markers[3-5]. In recent years, the Surface-Enhanced
Laser Desorption Ionization-Time of Flight-Mass
Spectrometry(SELDI-TOF-MS) Technology has
provided a useful tool for finding biomarkers of tumors[6-8].
In this experiment we used SELDI-TOF-MS technol-
ogy to test the protein expression profile of the serums

of the rat models of hepatic carcinoma, analyzed the
differences of protein expression and found three new
potential biomarkers of hepatic carcinoma.
MATERIALS AND METHODS
Animal model establishment[9]

 Ninety-five healthy male Wistar rats(from Shanghai
Slyke Laboratory Animal Center) , 120 ~150 g , 6 weeks
old, were randomly divided into the model and control
group, 85 and 10 in each group, respectively. ① the
model group:Diethylnitrosamine(DEN) 1% aqueous
solution gavage, 70 mg/kg, once a week, for 14 weeks.
② the control group: the same dose of distilled water
gavage. Five rats in the model group were sacrificed
respectively at 2,4 and 6 weeks from the second week.
Ten rats in the model group were sacrificed respectively
at 8, 10, 12, 14, 16, 18, 20 weeks randomly, and one rat
in the control group was sacrificed at the same period.
Dynamic observation was taken of the gross appear-
ance of the livers, and histological changes between the
DEN-treated model rats and control rats. Orbital blood
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was collected, and the upper centrifugal serum was drew
after blood coagulation and stored at -70℃. The speci-
mens were separated into two groups according to
histological changes.
Protein chip processing
 Pretreatment chips and chip testing: 5μl hydrochlo-
ride were added to each well of WCX22 chips at room
temperature for 5 min. Then the chips were washed three
times with deionized water, liquid discarded. Sodium
acetate(pH6.5) 150μl was added to each well of
WCX22 chips at room temperature for 5min, liquid
discarded(once repeated). 50μl diluted sample were
added to each well of WCX22 chips by greatly shaking
on a platform shaker at a speed of 700 rpm for 5 min
and incubated at 4℃ , liquid discarded. Then the chips
were washed three times with 150μl Combine/elution
washed buffer, for 5 min each time, rinsed quickly with
200μl HEPES(pH 7.0) the last time. 75μl acetoni-
trile and 75μl 1% trifluoroacetic acid were added to
SPA by greatly shaking on a platform shaker at a speed
of 700rpm for 5 min until all SPA dissolved, and
centrifuged for 1 min. SPA were added to each well of
WCX22 chips 2 times(0.5μl/time). In the calibrated
mass spectrometer with standard protein chip NP20,
instrument parameters was set, and the datum with
Biomarker Wizard were collected. The computer
received the raw data and mapped out protein mass spec-
trometry quickly and accurately(y axis stands for rela-
tively high-protein peak, x axis stands for mass-to-
charge ratio).
Statistical analysis
 All spectra datum were collected based on statistical
analysis(using Biomarker Wizard). m/z peak of protein
expression profiles were compared between the model
and the control group by t test.
RESULTS
Gross appearance
 Liver lesion of the model group can be summarized
as three stages:① the first stage: the first nine weeks,
no significant pathological changes in liver; ② the
second stage:10 to 15 weeks, texture hardens, surface
roughness, gray-white nodules(inequality of size)
located in marginal of the liver; ③the third stage: 16 to
22 weeks, surface roughness, ranging from the number,
size, gray-white cancer nodules, 2 cm in diameter, hem-
orrhage and necrosis can be visible in the section. Gray-
white nodule can be visible in liver of all the 20-week-
old rats. Direct adhesion to adjacent tissue was observed
in 2 rats of the model group, and lung metastasis can be
seen in another 2 rats of the model group(Fig. 1).

Histologic changes
 The first 7 weeks: non-special damage of liver can be
seen; the 8th week: proliferation nodules can be seen;
10th to 12th weeks: cirrhosis can be seen; the 14th week:
gray-white nodules can be observed; the 16th week:
micronodules can be seen; 22nd week: lung metastases
(Fig. 2).

Fig. 1 The gross appearance of the livers from DEN-treated
rats:the liver from the rat by DEN treated at the 16th week

Changes of the serum protein fingerprint pat-
terns between the hepatic carcinoma model and
control group
 According to histological changes of the liver, serum
samples were separated into two groups:①model group:
32 serum samples of rats with liver carcinoma, ②con-
trol group:10 serum samples of normal rats. Serum
samples were then assayed by SELDI-TOF-MS
technique, and 56 protein peaks appearing differently
in the serums were found. With m/z 0~20 000, the
protein peaks of m/z 1158, 8835 and 15302 of hepatic
carcinoma serums were obviously higher than those of
the normal group(P < 0.05, Fig 3~5, Table 1).
DISCUSSION
 Hepatic carcinoma is one of the most common
malignant tumors in China. The occurrence mechanism
remains unclear. The protein expression mass spectrom-
etry of human genes and its changes during the course
of the disease are still new fields.[10-11] The protein mass

Fig. 2 Histological changes of the liver carcinoma of rats
                  (HE,× 200)
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Fig. 3 Serum protein peaks between the model group and control group(m/z 1158 Da S)

Fig. 4 Serum protein peaks between the model group and control group(m/z 8835Da)

Fig. 5 Serum protein peaks between the model group and control group(m/z 15302Da )
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    Table 1 Three labeled peaks on the cancer and
control groups

m/z                                                                                     P -value

1158  0. 86± 0. 56  0. 60± 0. 75  0. 008 1
8835  1. 63± 1. 04  0. 91± 0. 47  0. 012 0
15302  1. 65± 0. 70  1. 29± 1. 28  0. 012 8

              intensity of peak
model group          control group

spectrometry analysis technology has established a good
technical platform for us to conduct the research of
proteomics in liver disease systemically[12-14].
 SELDI-TOF-MS technology is a proteomics detec-
tion technology developed in recent years. Compared
to traditional proteomics[15], it is fast, sensitive and has a
high-throughput. To complex biological samples, such
as serums, urine and tears, the spotting sample testing
can be conducted directly without a primary separation
or purification of the samples. It is very suitable for
testing the low abundance proteins which are cancer-
related in human tissues and body fluids.
 Using SELDI-TOF-MS technology for screening
serum markers has been applied to a variety of tumors.[16-18]

Some serum marker molecules which have important
clinical value in tumor diagnosis, prognosis evaluation,
and disease course detection have been screened out.
This technology provides a new strategy for the research
of the occurrence of tumors, the screening of drug
target proteins and markers of early diagnosis.
 This experiment detected the changes of the serum
protein fingerprint patterns between the hepatic carci-
noma models and the normal control group via SELDI-
TOF-MS Technology. Fifty-six protein peaks appeared
differently in the serums. Three of them are the most
distinct. The protein peak of m/z 1158 goes up clearly
during the later period of hepatic carcinoma. This is
likely related to the prognosis of hepatic carcinoma. The
protein peaks of m/z 8835 and m/z 15302 have signifi-
cant differences during the early period of live cancer.
Therefore, it has a certain value of clinical application
in the early diagnosis of hepatic carcinoma. However,
SELDI-TOF-MS technology can not give the details of
the protein such as molecular weight, conformations,
biochemical characteristics, which otherwise can be
detected with Two-Dimensional Electrophoresis and
Two Hybrid Technique[19]. Meanwhile, in another study
we obtained four target molecules which have the
diagnostic value through gene chip technology
(summarized in another article). Further research and
experiment are needed to combine the two results.
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