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1. ABSTRACT 
 
Peripheral blood genes expressions profiling (GeXP) have 
been convinced to be more specific for the diagnosis of 
cancer and other diseases, and the GeXP system provides 
an ideal method to analyze multiple genes expression in 
one normalized and equable system. We aim to 
differentiate hepatocellular carcinoma from other hepatic 
diseases based on peripheral blood and the GeXP system. 
Fifteen selected hepatic diseases related genes with two 
house-keeping genes for normalization were detected by 
the GeXP system. The diagnosis model was based on K 
nearest neighbor classifier and cross validation, and 
software based on MATLAB software was built for 
differential diagnosis of hepatic diseases. Eight hepatic 
related genes were demonstrated to show an obvious 
statistic difference in expressions while the K nearest 
neighbors classifier showed that the accuracy for normal 
controls, hepatitis B, liver cirrhosis, hepatocellular 
carcinoma and the Other group was separately 80.57%, 
78.17%, 84.48%, 73.24% and 85.85%. The set of 
validation has been carried out to assess the accuracy of 
Model Two and the accuracy was even higher than the set 
of building for the model, except for the hepatitis B (HBV) 
group. A sensitive and specific GeXP system of eight genes 
has been developed for the accurate differential diagnosis 
of hepatic disease. 

 
 
 
 
 
2. INTRODUCTION 
 

Hepatocellular carcinoma (HCC) is one of the 
most common cancers in the world with over half a million 
deaths annually (1). It shows a significant relation with the 
prevalence of risk factors, such as chronic infection with 
hepatitis B or C virus (HBV, HCV), liver cirrhosis (LC) 
and alcohol abuse. Chronic HBV and HCV are attributed to 
three-quarters of HCC development worldwide and 
especially in China, > 90% of HCC cases are reported to 
have HBV background (2). It is widely recognized chronic 
carriers of HBV is the leading cause of LC and HCC (3). 
HCC is often diagnosed at an advanced stage, so there is no 
effective treatment available for these patients. Early 
diagnosis can provide a better chance for treatment, 
however, even if AFP, a well known biomarker for HCC, 
had only a lower sensitivity and specificity for the presence 
of HCC. In addition, ultrasound (US), computed 
tomography (CT) and magnetic resonance imaging (MRI) 
are limited by their accuracy (4). The need for improved 
methods to accurately differentiate HCC from other hepatic 
diseases is desirable. 

 
Many studies have been reported to use 

peripheral blood cells transcriptome analysis for disease 
prediction and cancer classification (5-7). In addition, 
peripheral blood are easily obtained and considered to be
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Table 1. Clinical characteristics of all the peripheral blood samples 
 Clinical  
characteristics 

NC 
(54) 

HBV 
(42) 

LC 
(24) 

HCC 
(103) 

Others 
(64) 

Age (years) 58 50.5 52 56 41 
AFP (ng/ml) 1.74 2.21  7.61  133.40  2.66  
ALB (g/L) 47.40 40.80  35.80  41.80  42.30  
ALT (U/L) 20.20 38,17 41.70  41.50  25.50 
AST (U/L) 20.50 44,32 54.90  39.00  20.95 
GGT (U/L) 27.35 21.25 88.30  59.45  34.30  
ALP (U/L) 67.40 58.35 148.80  84.80  68.80 

The clinical characteristics were presented as median values
 
minimally invasive with a standard operation procedure. 
Both of them make blood samples an attractive alternative 
for the HCC development diagnostic procedures. 
Transcriptome analysis surveys thousands of genes 
expression in peripheral blood cells, however, only 20-100 
genes have discriminatory power (8). HCC is a complex 
multigene or multifactorial disease, it is obvious that a 
single biomarker will be not adequate to reflect the status of 
HCC and a panel of biomarkers is needed for differential 
diagnosis of hepatic disease (9). 

 
The Beckman Coulter (Fullerton, CA, USA) 

GenomeLab GeXP Genetic Analysis system, known as 
GeXP, is designed ideally to run up to 35 genes per 
reaction containing 5 ng to 500 ng of total RNA and can be 
used to interrogate 192 samples simultaneously in a single 
analysis (10). The GeXP system uses a combined gene-
specific, universal priming strategy that converts 
multiplexed PCR to a two-primer process using universal 
primers. This strategy overcomes the variations in 
amplification efficiency of different genes. A capillary 
electrophoresis separation system, based on the products 
size, ensures it is sensitive enough to precisely detect even 
small changes in gene expression. The mechanism of the 
GeXP system was observed (Figure 1). Based on the 
strength of the GeXP system, it can serve as a sensitive and 
precise panel of genes expression analysis, which may 
serve as diagnostic models for different diseases. 

 
In our study, the GeXP analysis system is used to 

detect a panel of genes expression in peripheral blood 
samples of HCC and different hepatic diseases. We aim to 
set up a blood-based, disease-specific diagnostic screening 
method to accurately differentiate HCC from other hepatic 
diseases. 

 
3. MATERIALS AND METHODS 
 
3.1. Patients 

With patient consent, peripheral blood samples of 
54 healthy normal controls (NC), 42 Chronic HBV-infected 
patients (HBV), 24 patients with liver cirrhosis (LC), 103 
HCC patients with HBV or cirrhosis and 64 other liver 
disease patients (Others) were collected from our hospital. 
Clinical characteristics of all the peripheral blood samples 
were observed (Table 1). The five groups were randomly 
split into a set of building for model and a set of validation. 
The set of building for model included 36 NC controls, 28 
HBV, 16 LC, 81 HCC and 44 Others patients. The set of 
validation included 18 NC controls, 15 HBV, 8 LC, 27 
HCC and 21 Others patients. Peripheral blood samples 
from HBV and HCC patients were collected before any 

treatment such as surgery, chemotherapy and radiation 
therapy. Peripheral blood samples were aliquoted and 
stored at -20°C. 

 
3.2. Blood collection and RNA isolation 

2.5 mL peripheral blood was collected from each 
sample and directly poured into PAXGene blood RNA 
tubes (Qiagen, Valencia, CA), which contained 6.9 ml 
additive to stabilize mRNA in whole blood. After blood 
collection, the PAXGene blood RNA tubes were gently 
inverted several times and were stored at -20 °C for 24 
hours and then were transferred to -80 °C until RNA 
extraction. Total RNA was isolated according to the 
manufacturer instructions using the PAXGene Blood RNA 
kit (Qiagen, Valencia, CA). The quality of RNA was 
quantified by UV absorbance measurement using a DU 800 
spectrophotometer (Beckman Coulter, Fullerton, CA). The 
quality of RNA was determined visually by inspecting the 
integrity of 28S and 18S ribosomal bands after agarose gel 
electrophoresis. 

 
3.3. Genes and GeXP primer design 

15 hepatic diseases related genes (GPC3, 
Glypican-3; HGF, hepatocyte growth factor; RPS24, 40S 
ribosomal protein S24; ANXA1, annexin1; FOS, v-fos FBJ 
murine osteosarcoma viral oncogene homolog; SPAG9, 
sperm associated antigen 9; HSPA1B, heat shock protein 
A1B; PFDN5, Prefoldin subunit 5; IL8, interleukin-8; 
GOS2, G0/G1switch 2; CXCR4, chemokine receptor 4; 
RPL27, ribosomal protein L27; PFN1, profilin-1; CALR, 
calreticulin; GZMA, Granzyme A) and 2 housekeeping 
genes (ACTB, actin, beta; B2M, beta 2 microglobulin) 
were chosen for building the panel of differentiating HCC 
development. The genes and primers were identified (Table 
2). Primers were designed by GenomeLab GeXP eXpress 
Profiler software. Primers were also designed for 
Kanamycin RNA intern positive control with 325 bp PCR 
product. In the later cycles of PCR, fluorescently labeled 
universal forward primer was used. All primers were 
obtained from SBS Genetech (Beijing, China) and stocked 
with concentration 100 µM. Primers were designed to yield 
PCR product ranging from 117 to 284 bp. 

 
3.4. GeXP multiplex RT-PCR 

In our multiplex RT-PCR experiment, 50 ng of 
RNA was used as starting material for reverse transcription 
(RT) with chimeric reverse primers in single reaction. The 
RT reactions were performed according to the manual of 
the Genome Lab GeXP Start Kit. The concentration of 
adjustment primers varied from different dilution rate (1:2, 
1:4, 1:8, 1:16, 1:32, 1:64, 1:128, 1:256). RT reactions were 
incubated at 48 °C for 1 minute, 42 °C for 60 minutes, 95 
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Figure 1. Thymosin-alpha1 elevated the survival rate of sepsis mice induced by CLP. The survival rate of THI mice was 
significantly higher than that of CLP group after 24 hours, (*) indicates a P value less than 0.05 (χ2 = 4.96, P = 0.026 at 24 h; χ2 = 
4.59, P = 0.032 at 48 h; χ2 = 4.53, P = 0.033 at 72 h).  
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Table 2. Genes and primers used in the GeXP 
Gene 
symbol 

RefSeq Reverse primer Forward primer Size of  
product 

GPC3 L47125 GTACGACTCACTATAGGGAATCATTCCATCACCAGAGCC AGGTGACACTATAGAATACTGGATGAGGAAGGGTTTGA 117 
HGF M77227 GTACGACTCACTATAGGGACTCCAGGGCTGACATTTGAT AGGTGACACTATAGAATATTTGGCCATGAATTTGACCT 162 
RPS24 BC000523 GTACGACTCACTATAGGGATTTTGGCTAGTTTTTCCCGA AGGTGACACTATAGAATAACGACACCGTAACTATCCGC 172 
ANXA1 NM_000700 GTACGACTCACTATAGGGACACGTTTACGTCTGTCCCCT AGGTGACACTATAGAATAGAGATTTTCGGAACGCTTTG 177 
FOS BC004490 GTACGACTCACTATAGGGACTGAGCGAGTCAGAGGAAGG AGGTGACACTATAGAATACTCCGGTGGTCACCTGTACT 182 
SPAG9 AK023512 GTACGACTCACTATAGGGACCCTCTCCTCCACTGATGAC AGGTGACACTATAGAATAATTCTTTGTGGCAGTCCCAG 187 
HSPA1B NM_005346 GTACGACTCACTATAGGGACTCAAACTCGTCCTTCTCGG AGGTGACACTATAGAATATGGAGTCCTACGCCTTCAAC 192 
PFDN5 NM_002624 GTACGACTCACTATAGGGATGAAGAAGTCCTTGGCATCC AGGTGACACTATAGAATAAACGTGCTGAACAAGAGCAA 197 
ACTB 1 NM_001101 GTACGACTCACTATAGGGAAAAGCCATGCCAATCTCATC AGGTGACACTATAGAATAGTCCACCTTCCAGCAGATGT 202 
IL8 NM_000584 GTACGACTCACTATAGGGAAGCAGACTAGGGTTGCCAGA AGGTGACACTATAGAATAAAGGGCCAAGAGAATATCCG 207 
GOS2 NM_015714 GTACGACTCACTATAGGGATTCAAAATGCAAAATGGTGG AGGTGACACTATAGAATAACAAGCATCCACCAAAGGAG 222 
CXCR4 AF348491 GTACGACTCACTATAGGGAAAAGTACCAGTTTGCCACGG AGGTGACACTATAGAATATTCCTGCCCACCATCTACTC 232 
RPL27 NM_000988 GTACGACTCACTATAGGGAGACAGTTTTGTCCAAGGGGA AGGTGACACTATAGAATATTGATGATGGCACCTCAGAT 237 
PFN1 NM_005022 GTACGACTCACTATAGGGAGCGTCTTGTCAGTCTTGGTG AGGTGACACTATAGAATAGGGAAAACGTTCGTCAACAT 257 
CALR NM_004343 GTACGACTCACTATAGGGAAATCTGGGTTGTCGATCTGC AGGTGACACTATAGAATAATCCTGATGCTTCAAAACCG 262 
GZMA NM_006144 GTACGACTCACTATAGGGACCTGGGACCTTTTGTTCAAG AGGTGACACTATAGAATAAGCAGCCACAATGAGGAACT 279 
B2M 1 NM_004048 GTACGACTCACTATAGGGACGGCAGGCATACTCATCTTT AGGTGACACTATAGAATAAGGCTATCCAGCGTACTCCA 284 

Underlined oligonucleotides are universal sequences. 1 Gene used for normalization. 
 

°C for 5 minutes and held at 4 °C. PCR reaction was then 
performed in a Thermo-Fast 96-well PCR Detection Plate 
containing fluorescently labeled universal primer and 
unlabeled reverse universal primer. PCR reaction was 
performed under the conditions: 95 °C for 10 minutes, 
followed by 35 cycles of 94 °C for 30 seconds, 55 °C for 
30 seconds and 68 °C for 1 minute. 

 
3.5. GeXP multiplex data analysis 

PCR products from multiplex primers were 
prepared for capillary electrophoresis. 2 µl of PCR 
product was added to the 96-well detection plate 
containing 37.5 µl of sample loading solution along with 
0.5 µl of DNA Size Standard 400. The GeXP Genetic 
Analysis System matched each fragment size with the 
specific gene and measured the fluorescent dye signal 
strength in arbitrary units (A.U.).Then the data was 
exported from the GeXP Genetic Analysis System and 
normalized to the housekeeping gene B2M. The relative 
genes expression data were normalized by dividing the 
area under the curve (AUC) by the AUC of B2M; the 
data were then log transformed. GeXP results among the 
five groups were compared through the use of 
nonparametric statistics (Mann-Whitney U tests). 

 
3.6. Diagnosis model for hepatocellular carcinoma 
development 

The missing genes expression detected by GeXP 
were imputed with k-nearest neighbors imputation using 
k=3. Differentially expressed genes were identified by 
statistically significant differences (p<0.05) between the 
five groups using one-way ANOVA analysis and were 
used for building the diagnosis model for HCC 
development. The diagnosis model was based on K 
nearest neighbors classifier (KNN) and 5-fold cross 
validation (4/5) of the samples as the training set and the 
remainder 1/5 of the samples as the testing set (11). The 
cross validation with iteration was repeated at a number 
of 100 times and the average accuracy for the five 
groups was calculated, then the optimized model was 
chosen for building the diagnosis model and the 
accuracy of the validation set was calculated. In the 
final step, software based on MATLAB software was 
developed to predict the diagnosis model for HCC 
development. 

4. RESULTS  
 
4.1. RT-PCR of single gene by chimeric and universal 
primers 

At the first stage of multiplex RT-PCR, each 
gene-specific PCR product was analyzed by GeXP to verify 
the expected peak fragment and assess any unintended PCR 
product. The initial data analyzed by the GeXP system 
from the genes-specific primer was observed (Figure 2). 
The seventeen genes fragment size detected by GeXP all 
matched the actual size designed for PCR product. GPC3, 
HGF, RPS24, ANXA1, FOS, SPAG9, HSPA1B, PFDN5, 
ACTB, IL8, GOS2, CXCR4, RPL27, PFN1, CALR, 
GZMA and B2M gene was approximately 117 bp, 162 bp, 
172 bp, 177 bp, 182 bp, 187 bp, 192 bp, 197 bp, 202 bp, 
207 bp, 222 bp, 232 bp, 237 bp, 257 bp, 262 bp, 279 bp and 
284 bp. The Kanamycin RNA intern positive control with 
325 bp was all detected in the seventeen single gene-
specific primer. The nonspecific genes were not detected, 
indicating an absence of contaminating DNA. 
 
4.2. Multiplex primer RT-PCR and optimization 

The 17 genes were divided into two groups: 
adjustment group and non-adjustment group. The 
adjustment group included ACTB and B2M genes, the 
other genes were the non-adjustment group. The dilution 
rate of ACTB and B2M genes were separately 1:2, 1:4, 1:8, 
1:16, 1:32, 1:64, 1:128 and 1:256. The initial data analyzed 
by the GeXP system from multiplex primer of 1:2, 1:8, 
1:32, 1:128 were observed (Figure 3), 1:4, 1:16, 1:64 and 
1:256 were not observed. In the dilution rate of 1:2, the 
gene of ACTB and B2M showed a higher dye signal than 
the other genes, the two genes may have no sufficient 
potential dynamic range. In the dilution rate of 1:4 and 
1:256, some genes such as ? showed the lower gene signal 
was not detected by the GeXP system. In the dilution rate 
of 1:8, all of the seventeen genes were detected. The lowest 
gene signal could be detected and the highest gene signal 
had sufficient potential dynamic range. In the dilution rate 
of 1:16 and 1:128, the genes showed desired levels were 
less than 1:8. In the dilution rate of 1:32 and 1:64, the 
background noise level was so high that it may have 
affected the results detected by the GeXP system. 
Compared to the eight dilution rates, 1:8 was the most 
appropriate dilution rate for the multiplex primer RT-PCR. 
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Figure 2. RT-PCR of single gene by chimeric and universal primers. RT-PCR of each gene-specific PCR product was detected 
by GeXP to analyze the specificity of 17 genes. A Kanamycin RNA with 325 bp served as an intern positive control. (A), GPC3 
with 117 bp. (B), ACTB with 202 bp. (C), CXCR4 with 232 bp. (D), GZMA with 279 bp. The other genes were not shown. All 
of the genes fragment size matched the actual size designed for the PCR product and the intern positive control was completely 
detected.  
 
4.3. Genes expressions between five different groups 

The GZMA and IL8 genes were missing in most 
of the samples, so the two genes were removed from the 
panel of genes expressions. After one-way ANOVA 
analysis, the nine genes of CALR, PFN1, SPAG9, ANXA1, 
HGF, FOS, GPC3, HPSA1B and CXCR4 showed 
significant differences (p<0.01) between the five groups 
(Figure 4). The four genes of RPS24, RPL27, PFDN5 and 
GOS2 showed no significant differences (p<0.01) between 
the five groups, so the four genes were removed from the 
panel of genes expressions. For CLAR gene, the NC, HBV 

and LC group showed no significant difference when 
compared to each other. For PFN1 gene, the HBV group 
showed no significant difference when compared to the LC 
and HCC group. For SPAG9 gene, it cannot differentiate 
the HBV, LC and HCC group. For ANXA1 gene, the NC, 
HBV, LC and Other group showed no significant 
difference when compared to each other. For HGF gene, 
compared to LC group, the other four groups showed a 
significant difference, while the other four groups showed 
no significant difference when compared to each other. For 
FOS gene, it cannot differentiate the NC, HBV and HCC 
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Figure 3. Multiplex primer RT-PCR and optimization. The 17 genes were divided into an adjustment group and non-adjustment 
group. The adjustment group was ACTB and B2M genes, (A-D) showed a different dilution rate. (A), 1:2 showed a higher dye 
signal, so it may have no sufficient potential dynamic range. (B), 1:8, all of the 17 genes were detected. The lowest gene signal 
could be detected and the highest gene signal had sufficient potential dynamic range. (C) 1:32, the background noise level was 
higher, which could affect the genes expression. (D) 1:128, the genes showed desired levels were less than 1:8. Compared to the 
eight dilution rates, 1:8 was the most appropriate dilution rate for multiplex primer RT-PCR. 

 
group. For GPC3 gene, it cannot classify the HBV, LC and 
HCC group. For HSPA1B gene, the NC, HBV and Other 
group showed no significant difference. For CXCR4 gene, 
it cannot classify the NC, HBV, LC and HCC groups at all. 
The nine single gene showed significant difference between 
the five groups, however, it cannot differentiate the five 
groups accurately. 
 
4.4. Diagnosis model to differentiate the five groups 

The nine genes were arranged ascending 
according to the P value, and then five models were built to 

compare the accuracy of differentiating the five groups. 
Model one was a nine genes profiling of CALR, PFN1, 
SPAG9, ANXA1, HGF, FOS, GPC3, HPSA1B and 
CXCR4 gene. Model two was an eight genes profiling of 
CALR, PFN1, SPAG9, ANXA1, HGF, FOS, GPC3 and 
HPSA1B gene. Model three was a seven genes profiling of 
CALR, PFN1, SPAG9, ANXA1, HGF, FOS and GPC3 
gene. Model four was a six genes profiling of CALR, 
PFN1, SPAG9, ANXA1, HGF and FOS gene. Model five 
was a five genes profiling of CALR, PFN1, SPAG9, 
ANXA1 and HGF gene. The average accuracy of the five
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Table 3. The average accuracy of classifying the five groups by KNN and cross validation (%) 
Model  Genes profiling NC HBV LC HCC Others 

Model One CALR,PFN1,SPAG9,ANXA1,HGF,FOS,GPC3,HPSA1B,CXCR4 70.13 70.77 83.82 66.55 81.52 
Model Two CALR,PFN1,SPAG9,ANXA1,HGF,FOS,GPC3,HPSA1B 80.57 78.17 84.48 73.24 85.85 
Model Three CALR,PFN1,SPAG9,ANXA1,HGF,FOS,GPC3 85.52 80.95 84.35 71.75 84.00 
Model Four CALR,PFN1,SPAG9,ANXA1,HGF,FOS 81.48 72.70 83.85 73.18 85.52 
Model Five CALR,PFN1,SPAG9,ANXA1,HGF 77.90 74.47 79.05 70.38 88.50 

Five models were built to compare the accuracy of differentiating the NC, HBV, LC, HCC and Others groups. The average accuracy of 
classifying the NC, HBV, LC, HCC and Other group by Model one were 70.13%, 70.77%, 83.82%, 66.55% and 81.52%. Model two 
were 80.57%, 78.17%, 84.48%, 73.24% and 85.85%. Model three were 85.52%, 80.95%, 84.35%, 71.75% and 84.00%. Model four was 
81.48%, 72.70%, 83.85%, 73.18% and 85.52%. Model five was 77.90%, 74.47%, 79.05%, 70.38% and 88.50%. After comparing the 
five models, Model two had the best accuracy of differentiating the five groups. 
 

 
 

Figure 4. The genes expression showed a significant difference between the five groups detected by the GeXP System. After 
one-way ANOVA analysis, the nine genes of CALR, PFN1, SPAG9, ANXA1, HGF, FOS, GPC3, HPSA1B and CXCR4 showed 
significant differences (p<0.01) between the NC, HBV, LC, HCC and Others groups. The nine single gene showed a significant 
difference between the five groups, however, it cannot differentiate the five groups accurately. 
 
models was recorded (Table 3). The average accuracy of 
classifying the NC, HBV, LC, HCC and Other group by 

Model one were 70.13%, 70.77%, 83.82%, 66.55% and 
81.52%. Model two were 80.57%, 78.17%, 84.48%, 
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Figure 5. A workflow for diseases or cancer diagnosis model based on the peripheral blood and GeXP system. Total RNA of 
peripheral blood was isolated by the PAXgene Blood RNA kit. Genes related to the disease or cancer was chosen and primers 
were designed by GeXP. The GeXP detection system involved several steps. Firstly, single gene RT-PCR was detected to 
analyze the specificity. Secondly, the Multiplex primer RT-PCR and optimization were done to detect genes expression. Thirdly, 
after one-way ANOVA analysis, we got the differentially expressed genes. Finally, a diagnosis model to differentiate diseases or 
cancer was built based on KNN and cross validation. Lastly, the model was chosen for building the diagnosis model software. 
 
73.24% and 85.85%. Model three were 85.52%, 80.95%, 
84.35%, 71.75% and 84.00%. Model four was 81.48%, 
72.70%, 83.85%, 73.18% and 85.52%. Model five was 
77.90%, 74.47%, 79.05%, 70.38% and 88.50%. After 
comparing the five models, Model two had the best 
accuracy of differentiating the five groups, and the set of 
validation was used to assess the accuracy of Model two by 
the software we built. The average accuracy of 
differentiating the five groups was separately 83.33%, 
73.33%, 100%, 75.00% and 95.24%. The accuracy of the 
set of validation was higher than the set of building for the 
model except for the HBV group. 

 
4.5. Workflow for the diagnosis model by GeXP 

A workflow for diseases or cancer diagnosis 
model was built based on the GeXP system (Figure 5). 
Genes related to the disease or cancer was chosen to 
analyze by GeXP. Firstly, RT-PCR of single gene was 
detected to analyze the specificity. Secondly, the 
Multiplex primer RT-PCR was optimized individually 
by attenuation to the most appropriate dilution rate. 
Thirdly, the genes were compared by one-way ANOVA 
analysis to get the differentially expressed genes. 
Finally, KNN and cross validation were used to build a 
diagnosis model to differentiate diseases or the cancer. 
Lastly, the model was chosen for building the diagnosis 
model software. 

5. DISCUSSION 
 

Because peripheral blood was widely used, 
easily obtained and minimally invasive, it was believed 
to be an attractive type for clinical research. In addition, 
mRNA in peripheral blood samples was demonstrated to 
be stable in whole peripheral blood samples (12). 
Specific mRNA concentrations in EDTA blood stored 
tubes changed, and it could affect the results of PCR 
based techniques. These changes were eliminated or 
markedly reduced when stored in PAX gene tubes, 
which was recommended (13). Studies had shown that 
peripheral blood had the potential of early detection (14-
16). In our study, based on the peripheral blood and 
GeXP system, we aimed to build a simple, rapid, 
efficient and standardized detection method. 

 
The GeXP system had distinct advantages; 

however, there were also some limitations. The number of 
genes analyzed was limited to 35, and the gene size 
arranged from 150 to 350 bp. In addition, the dynamics of 
single gene RT-PCR reactions differed from those in 
multiplexed reactions, multiplex RT-PCR had to be 
optimized by dilution. There are several steps involved in 
the procedure of the GeXP system; changes in any step 
may improve the results of the GeXP system. A 
standardized detection method was built in our study to 
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analyze genes profiling in HCC development. GeXP was 
demonstrated to be a sensitive and effective assay for 
infection with the pandemic influenza A H1N1 virus and 
was able to detect seasonal influenza H3N2 coinfection 
(17). 68 unique varicella zoster virus gene transcripts in 
five GeXP multiplex RT-PCR was also detected to be rapid 
and sensitive (18). The GeXP system was also used to 
detect gene profiling expressions (19-21). 

 
CALR acted as a major Calcium-binding protein 

of the endoplasmic reticulum and transcriptional regulator. 
It was overexpressed in adenocarcinoma cells (22); it was 
also correlated with intracellular iron increase and 
protection from oxidative stress (23). In our study, there 
was no significant difference between the NC group and 
HCC group. There were so few research studies on the 
relationship between CALR and HCC; it was unclear how 
CALR took part in the progression and its correlation with 
degree of liver injury. PFN1 was regarded as a tumor-
suppressor molecule for breast cancer by enhancing ADP-
to-ATP exchange on G-actin. Studies had demonstrated 
that PFN1 was over-expression in cancer cells by 
upregulating PTEN and suppressing AKT activation, and it 
was also a negative regulator of mammary carcinoma 
aggressiveness (24). If the PFN1 was silenced, it could 
inhibit endothelial cell migration, proliferation, and cord 
morphogenesis (25). We found the PFN1 gene expression in 
the HCC group was higher than the normal group; however, it 
was lower than the LC group. It implied that PFN1 may 
involve the mechanism of HCC. SPAG9 was a scaffolding 
protein that connected protein kinases to their transcription 
factor targets together for the activation of specific signaling 
pathways, such as a JNK signal (26). It can act as a biomarker 
for breast cancer and cervical carcinoma (27, 28). We 
demonstrated that SPAG9 in the HCC group was higher than 
the NC group. It may exist as a potential biomarker for HCC. 
ANXA1 was a member of the annexin family of phospholipids 
binding and calcium-binding proteins (29). It was 
overexpressed in breast cancer and HCC (30, 31). This was 
mainly because ANXA 1 was involved in tumorigenesis, and 
our study demonstrated it was higher in the HCC group than 
the NC group. HGF was found to stimulate growth of 
melanocytes and endothelial cells, however, it inhibited the 
growth of hepatocellular carcinoma cells (32). Sera of 
patients with acute hepatitis, chronic hepatitis and liver 
cirrhosis contained elevated levels of HGF (33). This was 
because persistent liver injury was closely related to the 
occurrence of HCC. Fos was an oncogene which was 
upregulated in response to many extracellular signals, and 
HBV infection also affected the expression of Fos (34). We 
found the NC group showed no difference with HCC group 
mainly due to the fact the Fos can be affected by many 
signal pathways. GPC3 was highly expressed in a 
hepatoma cell, and it was proposed as a potential novel 
tumor marker for HCC (35), however, in our study the 
mRNA expression of GPC3 in peripheral blood was lower 
than the NC group. This may be because the peripheral 
blood was different from the tissue, and many more 
samples would be needed to validate the results. HSPA1B 
was a gene that interacted with other heat shock proteins to 
stabilize existing proteins against aggregation and mediated 
the translated proteins (36). It was also involved in the 

rapid formation of a transcription-competent state during 
the minor ZGA through interaction with the RNA 
polymerase II. HSPA1B in the HCC group was higher than 
the LC or HBV group; however, the mechanism was not 
well understood. CXCR4 was a gene described to regulate 
the homing of lymphocytes in inflammatory tissues. High 
CXCR4 expression was related to tumor dissemination in 
colorectal, breast and hepatocellular carcinoma (37-39). In 
our study, CXCR4 showed no difference between NC, 
HBV, LC and the HCC group, however, the Other group 
showed a significant difference when compared to the other 
four groups. It was mainly due to the difference between 
peripheral blood and tissue, and it could also be explained 
by the different mechanism of different liver diseases. 

 
In conclusion, peripheral blood samples were 

chosen as the diagnosis type because it was easily obtained, 
minimally invasive and performed with standard operation 
procedure. GeXP was chosen as the detection system 
because it was sensitive, precise and convenient for gene 
expression analysis. The KNN and cross validation were 
used to build a diagnosis model to classify a gene as a 
disease or cancer. An eight genes panel of CALR, PFN1, 
SPAG9, ANXA1, HGF, FOS, GPC3 and HPSA1B was 
built for differentiating NC, HBV, LC, HCC and Others 
group and the accuracy was separately 80.57%, 78.17%, 
84.48%, 73.24% and 85.85%. 
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