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Abstract 
Aim: We measured Golgi protein73 (GP73), alpha-fetoprotein (AFP), and vascular endothelial 
growth factor (VEGF) expression in primary hepatic cancer (PHC) and assessed their clinical signi-
ficance. Methods: Forty-five PHC and tumor-adjacent specimens and 14 normal liver specimens 
were examined. GP73, AFP, and VEGF expression was measured via immunohistochemistry and a 
correlation of protein expression with clinical pathology of PHC was suggested. Results: GP73, AFP, 
and VEGF expression was significantly higher in PHC and tumor-adjacent tissue compared to tu-
mor-adjacent tissue (0.143 ± 0.018 vs. 0.124 ± 0.027, 0.116 ± 0.026 vs. 0.098 ± 0.014, and 0.126 ± 
0.027 vs. 0.092 ± 0.016, respectively; all p < 0.05) and normal liver tissue (0.124 ± 0.027 vs. 0.088 
± 0.029, 0.098 ± 0.014 vs. 0.073 ± 0.011, and 0.092 ± 0.016 vs. 0.076 ± 0.018, respectively; all p < 
0.05), respectively. GP73 expression was positively correlated with pathological grade and cirrho-
sis, but not with tumor size, nodules, clinical stage and serum AFP. VEGF expression was positively 
correlated with tumor size, nodules, portal vein tumor thrombus, and clinical stage, but not with 
the degree of tumor differentiation and serum AFP. Expression of GP73 and VEGF was greater than 
that of AFP in PHC (both p < 0.05). Conclusion: GP73 is highly expressed in PHC and may be a di-
agnostic marker. Combined detection of GP73, AFP, and VEGF is helpful for diagnosis of PHC. 
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1. Introduction 
Primary hepatic cancer (PHC) is a malignant tumor with poor prognosis and rapid progression. Most PHCs are 
hepatocellular carcinomas (HCC). Using AFP is not ideal method for early PHC diagnosis; a positive serum 
AFP only occurs 56% of the time. Fortunately, new tumor markers have been discovered via proteomic tech-
niques and GP73 has been identified to be a novel tumor marker that is related to viral hepatitis and PHC. Re-
search suggests that GP73 expression sensitivity in PHC tissue exceeds AFP and because of this, GP73 may 
serve as a new oncology index for diagnosing PHC [1]. Here we assess the value of GP73 for diagnosing PHC 
by measuring this protein in cancer and normal tissue. 

2. Materials and Methods 
We had 45 PHC paraffin specimens (39 HCC; 6 cholangiocellular carcinoma) and 14 cases of normal liver pa-
raffin specimens. These randomly selected samples were obtained from the Second Affiliated Hospital of Fujian 
Medical University. PHC group patients received no anti-tumor treatment. Table 1 lists patient demographics 
associated with the samples. All samples were fixed in 100 g/L form aldehyde and paraffin-embedded, 4-μm 
serial sections. Rabbit anti-human GP73 polyclonal antibody was purchased from Abcam (LOCATION). Rat 
anti-human AFP monoclonal antibody (mAb), ratanti-human VEGF mAb, concentrated SP immunohistochemi-
cal staining kits, a DAB chromogenic reagent box, and other supplies were purchased from Beijing Zhongshan-
jinqiao or Fuzhou Maixin Biotechnology Company (LOCATION).  

2.1. Methods  
Using an immunohistochemical SP method, samples were dewaxed and hydrated and using a high-pressure 
heating method EDTA antigen retrieval was performed. To the specimens, endogenous peroxidase blockers 
were added for 10 min. Next, primary antibody was added *MUST STATE DILUTION and was allowed to in-
cubate at 4˚C overnight. PBS was used to wash the slides and a second generation Immunohistochemical Elivi-
sionTM Plus broad-spectrum kit reagent was used to DO WHAT at room temperature for 20 min. Then, second-
ary antibody WHAT DILUTION was added after washing at room temperature and incubated for 30 min. PBS 
was used to wash samples and fresh DAB chromogenic liquid was used for staining. Hematoxylin was added 
after water washing and samples were viewed under a microscope. Samples for which PBS was used instead of 
primary antibodies were blank controls.  

GP73, AFP, and VEGF are located in cytoplasm and are yellow particles. We chose 5 views of each section 
and photographed these with an Olympus C7070 with a uniform light source, camera aperture, brightness, con-
trast, color saturation and with the white balance conditions closed, 400 times view. Image Pro Plus 6.0 was 
used to analyze photos, measure average photometric absorption values (A values), and take five horizons of the 
A value for averaging. The A value represents staining intensity, which is correlated to expression [2]. 

2.2. Statistical Analysis 
SPSS17.0 software was used for data processing, and data are presented as means ± SD. A student’s t test for 
means within the groups was used as was single factor ANOVA for mean comparisons among groups. A Pear-
son correlation co-efficient test for correlation analysis is in double variable measurement data. Significant dif-
ferences among groups were set at p < 0.05. 

 
Table 1. Expression of GP73 and VFGF in different tissues (mean ± sd).                                              

Group 
mean 

GP73  VEGF 

Cancer tissue 0.143 ± 0.018ac 0.126 ± 0.027ac 

Tumor-adjacent tissue 0.124 ± 0.027a 0.092 ± 0.016a 

Normal tissue 0.008 ± 0.029 0.076 ± 0.018 

ap < 0.05, acp < 0.05. 
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3. Results 
GP73 expression measurements in liver cancer, tissue adjacent to cancer tissue and normal liver tissue reveal 
that GP73 is mainly expressed in the cytoplasm of cancers (Figure 1(A)), as indicated by yellow or yel-
low-brown particulate staining. Expression in tissue adjacent to carcinoma is visible, but weak compared to car-
cinoma tissue (Figure 1(B)); Normal liver rarely expresses GP73. A-values for GP73 protein in all tissue types 
were 0.143 ± 0.018, 0.124 ± 0.027, and 0.027 ± 0.029 for cancer, adjacent-to-cancer, and normal tissue, respec-
tively. These values were statistically significantly different (p < 0.05). GP73 expression was independent of pa-
tient age, serum AFP, tumor diameter, and TNM staging, but it was related to pathological Edmondson grading 
and cirrhosis as depicted in Table 2. 

VEGF expression in PHC was found to be chiefly in PHC tissue cell cytoplasm (Figure 2), show yellow or 
yellow-brown particulate staining. Tissue staining adjacent to carcinomas and normal liver tissue had weaker 
staining. A-values for VEGF protein in all tissue types were 0.126 ± 0.027, 0.092 ± 0.016, and 0.076 ± 0.018 for 
cancer, adjacent-to-cancer, and normal tissue, respectively. These values were statistically significantly different 
(p < 0.05). VEGF expression was greater in tumors larger than 5 cm, in multiple nodules, in tissues with portal 
vein tumorous thrombosis, and was correlated to TNM staging (III - IV) compared to tumors smaller than 5 cm, 
single nodules, tissue lacking portal vein tumorous thrombosis, and in tissues TNM-staged I - II. 

 
Table 2. Expression of GP73 in different groups (mean ± sd).                                                        

Groups n mean p 

Age    

>50 27 0.147 ± 0.017 
>0.05 

<50 18 0.138 ± 0.018 

Sex    

Male 37 0.144 ± 0.019 
>0.05 

Female 8 0.140 ± 0.015 

AFP (µg/L)    

>400 18 0.145 ± 0.020 
>0.05 

<400 27 0.142 ± 0.017 

Edmondson    

I - II 34 0.138 ± 0.015 
<0.05 

III - IV 11 0.161 ± 0.016 

Tumor size (cm)    

>5 25 0.145 ± 0.021 
>0.05 

<5 20 0.141 ± 0.015 

Node     

single 31 0.142 ± 0.020 
>0.05 

multiple 14 0.146 ± 0.013 

TNM    

I–II 25 0.143 ± 0.012 
>0.05 

III–IV 20 0.144 ± 0.019 

cirrhosis    

 22 0.149 ± 0.015 
>0.05 

 23 0.135 ± 0.018 
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Figure 1. Expression of GP73 in liver tissue (ElivisionTM Plus two steps ×400). (A) Cancer tissue; (B) Tumor-adjacent 
tissue.                                                                                              

 

 
Figure 2. Expression of VEGF in liver tissue (ElivisionTM Plus two steps ×400).                                    

 
To study the relationship among GP73, AFP, and VEGF expression patterns in liver tissue, we compared ex-

pression patterns of each protein. GP73 and VEGF expressed in PHC were greater than AFP in carcinoma tissue 
(0.148 ±0.018 vs. 0.116 ± 0.026, 0.126 ± 0.027 vs. 0.116 ± 0.026, p < 0.05). AFP expression was different, 
comparing adjacent tissue to carcinoma tissue and normal tissue (0.098 ± 0.014 vs. 0.073 ± 0.011, p < 0.05). 
GP73 and VEGF expression in PHC were positively correlated (r = 0.298, p < 0.05). The A-values of GP73 of 
30 HCC cases and 6 cholangiocellular carcinoma samples were not statistically significant different (0.143 ± 
0.018 vs. 0.144 ± 0.012, p < 0.05). 

4. Discussion 
In the field of proteomics, tumors are considered protein-deficiency diseases and proteins are known to change 
of the course of early tumor stages. GP73 is a Golgi II transmembrane protein, with a terminal amino acid that 
can be easily converted to an N-glycan. GP73 is chiefly expressed in multiple human epithelial cell tissues, is 
increased in viral hepatic cells, and is rarely expressed in normal tissue. Block’s group reported that serum GP73 
was increased in a marmot liver cancer model [3]. Marrero and co-workers measured serum protein in 352 spe-
cimens using Western blot, and confirmed that serum GP73 in HCC patients is significantly higher than in indi-
viduals with cirrhosis, and that the sensitivity for the early HCC detection was superior to AFP. Thus, GP73 is a 
potential biomarker for diagnosing HCC [1]. 

Recently, a Golgi membrane protein similar to GP73 with an N-or C-end anchor have been described (Gol-
gin-84, P63, Gpp130, etc.). Common to each is an N-or C-side spiral structure, but the biochemical function of 
these proteins is uncertain. On study suggested that P63 increased when liver cells were shocked. This was in-
terpreted to mean that the function of P63 may be associated with the cellular stress response, and the spiral 
structure, which is a homologous protein interaction site, may be associated with adhesion, combination, and 
transfer of the transfer bubble and transport protein [4]. Studies in knockout HepG2.2.15 cells indicated that 
GP73 expression changes are related to a decreased Golgi complex surface area. GP73 expression may be asso-
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ciated with structural integrity maintenance of the Golgi apparatus, and organelle integrity is related to human 
cancer, specifically nuclear damage and mitochondrial perturbations, as it allow cancer cells to adapt to cancer 
cell metabolic demands [5]. Also, studies of the role of the Golgi apparatus in protein secretion, such as changes 
in composition related to tumor development confirmed that this organelle may be a tumor biomarker. A Golgi 
membrane protein has been identified in tumors; specifically, GP73 was confirmed to be upregulated in PHC. 
However, the secretion, transportation, and specific biochemical function of GP73 is uncertain. Studies suggest 
that upregulated GP73 may be due to triggered acute hepatocellular injury and chronic tissue remodeling and fi-
brogenesis [6].  

The tumor growth largely depends on angiogenesis. Tumor cells, during proliferation and infiltration, release 
angiogenic factors to induce vessel formation and these new vessels are weak with abnormal shapes, allowing 
tumor invasion. The glycoprotein VEGF is an angiogenic factor (34 - 46 kDa) that is expressed in normal blood 
vessel generation during bone growth and embryogenesis; Upregulated VEGF in tumor tissues and cells and in-
flammatory cells (macrophages, mast cells) within tumors stimulates tumor vascular endothelial cells and pro-
motes proliferation, migration, and angiogenesis to support tumor growth, increased blood vessel permeability, 
fibrous protein formation and the formation of blood vessel stroma. All of these events contribute to tumor me-
tastases. VEGF combined with VEGFR is necessary for angiogenesis and induce endothelial cell proliferation 
and tube formation. Liver cancer is rich with blood vessels and VEGF mRNA and protein are highly expressed 
in this type of cancer [7]. At every stage of development of hepatocellular carcinoma, active proliferation of en-
dothelial cells occurs and VEGFR expression on cell surfaces is increased. The angiogenesis is important for 
carcinoma tissue biological invasion of tumor. 

AFP is a glycogen protein synthesized in hepatic and yolk sac cells. Some AFP arises from gastrointestinal 
mucosa cells from the endoderm. After birth, AFP is rapidly reduced and replaced with albumin. Adult livers 
contain pluripotent stem cells that will differentiate into hepatocytes and bile duct cells. Oval cells are thought to 
be descendants of hepatic stem cells with the capacity to synthesize AFP and develop into tumors. These hepatic 
stem cells are considered to be an origin of AFP-producing HCC [8]. The diagnostic value of increased AFP for 
liver cancer was established nearly 40 years ago. AFP specificity is only not superior to pathologic examination 
but it has a false positive rate of ~2% for early diagnosis. One limitation of AFP is that ~30% of PHCs are 
AFP-negative and this may be explained by the idea that AFP is synthesized in a specific phase of the cell cycle 
and HCC has two cell types. Also, during the cell cycle, liver cancer cells can store AFP when the AFP gene is 
stimulated by low methylation. Therefore, AFP may be a specific marker for liver cancer diagnosis. If AFP gene 
expression regulation stops between transcription and translation, serum AFP does not necessarily indicate an 
absence of liver cancer and this restricts the value of this marker. 

5. Conclusion 
We conclude that GP73, AFP, and VEGF expression in liver cancer is significantly greater than this expression 
in normal tissue and as such, it may be exploited for diagnosing PHC. GP73 expression is not related to tumor 
size or differentiation, clinical staging, and serum AFP. GP73 expression is associated with VEGF expression in 
liver cancer and GP73 stimulates angiogenesis under hypoxia and this prevents apoptosis. Joint detection of all 
three proteins may help diagnose PHC, especially for patients with AFP-negative cancers. 
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