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Abstract

Objective—Although great success has been achieved in cancer treatment, current cancer 

therapies, including anti-tumorigenesis and anti-angiogenesis, still face the problems of 

insufficient efficacy, resistance and intrinsic refractoriness, in addition to their toxic side effects. 

There is a demand to identify additional targets that can be blocked to turn off the downstream 

effects of most, if not all, pathways. Our studies suggest that orphan nuclear receptor TR3 

(human)/Nur77 (mouse) is such a target. Most recently, we reported that TR3/Nur77 expression in 

human hepatic cancer tissues correlates well with tumor progress, suggesting that TR3 is a specific 

therapeutic target for hepatic cancers. However, the correlation of TR3/Nur77 expression in 

hepatocellular carcinoma (HCC) with chronic hepatitis has not been studied.

Methods—The expression of TR3/Nur77 was analyzed in human primary hepatic cancer 

specimens from patients that have complete medical records with Immunohistochemically 

staining. The statistical analysis was used to access the significance of TR3 expression in tumor 

tissues, cirrhosis tissues and chronic hepatitis tissues with and without hepatitis B virus infection 

(HBV(+) and HBV(−)), which were obtained from para-tumor tissues.
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Results—The positive rates of TR3/Nur77 expression in hepatocellular carcinoma, cancerous 

liver cirrhosis and chronic hepatitis are 66.67%, 30%, and 20%, respectively, which are statistic 

significant (p<0.05). The positive rates of TR3/Nur77 expression in hepatocellular carcinoma are 

statistic significant (p<0.05) with 81.25% and 20% in HBV (+) or HBV (−), respectively.

Conclusion—The positive expression rate of TR3/Nur77 in hepatocellular carcinoma is higher 

than that in chronic hepatitis and cirrhosis. The positive rate of TR3/Nur77 expression in 

hepatocellular carcinoma is higher with HBV infection than that without infection. Our results 

suggest that TR3/Nur77 plays an important role in the progression of chronic hepatitis, and the 

occurrence and development of HCC.
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Introduction

We were the first to identify that TR3/Nur77, a member of nuclear receptor IV subfamily of 

transcription factors [1], is a critical mediator of angiogenesis [2–4]. TR3/Nur77 is highly 

and transiently up-regulated by angiogenic factors vascular endothelial growth factor-A 

(VEGF-A), histamine and serotonin, but not by basic fibroblast growth factor (bFGF), 

placental growth factor (PlGF) and platelet-derived growth factor (PDGF) in cultured 

endothelial cells (EC) and during angiogenesis in vivo [2–4]. Endothelial cell proliferation, 

migration and tube formation in vitro and angiogenesis and microvessel permeability in 

vivo, induced by VEGF-A, histamine or serotonin, and tumor growth are inhibited by TR3 

antisense DNA or shRNA in vitro and in Nur77 knockout mice, respectively [2–4]. 

Overexpression of TR3/Nur77 is sufficient to induce endothelial cell proliferation, migration 

and tube formation in vitro, angiogenesis, microvessel permeability and normal skin wound 

healing in our transgenic mice, in which, Nur77 full-length cDNA is inducibly and 

specifically expressed in mouse endothelium (EC-Nur77-S transgenic mice), respectively 

[2–4]. However, both the Nur77 null mice and EC-Nur77-S transgenic mice are healthy 

[5,6]. Therefore, TR3/Nur77 is an excellent target for pro-angiogenesis and anti-

angiogenesis therapies.

It was also reported that TR3/Nur77 plays important roles in carcinogenesis, apoptosis [5], 

brown fat thermogenesis [7,8], inflammation, metabolism diseases, stress and addiction 

(reviewed in [9–12]). However, the clinical correlation of TR3 expression in human cancers 

is understudied. Hepatocellular carcinoma (HCC) that accounts for 80% of all liver cancers 

worldwide [13], is the sixth most common neoplasm and the third most frequent cause of 

cancer death [14]. In the clinic, most HCC are diagnosed in advanced stage without effective 

treatment [13]. Most recently, we reported that the expression of TR3 in human hepatic 

cancer tissues correlates very well with tumour progress and metastasis [15]. We found that 

TR3 is highly expressed in human hepatic cancer tissues, but not in human normal liver 

tissues. The positive expression yields of TR3 are significantly different among cancer 

tissues, para-cancer tissues, and normal liver tissues. Further, the expression of TR3 is 

significantly higher in cancer tissues than that in para-cancer tissues and in normal tissues. 
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The levels of TR3 expression in human hepatic cancer tissues correlates well with tumors 

that are at low/middle degree of tumor differentiation and have portal vein thrombosis, 

metastasis and recurrence, but not with age, gender, tumor number and Alpha-fetalprotein 

(AFP) volume [15]. The results suggest that TR3 is a novel target for human cancer therapy. 

However, the correlation of TR3/Nur77 expression in HCC with chronic hepatitis has not 

been studied. This study is to investigate the expression of TR3/Nur77 in liver tissue of 

patients with chronic hepatitis, cirrhosis and liver cancer, and to understand its relationship 

with the progression of chronic hepatitis. We find that the positive rates of TR3/Nur77 

expression in hepatocellular carcinoma, cancerous liver cirrhosis and chronic hepatitis are 

66.67%, 30%, and 20%, respectively, which are statistic significant (p<0.05). The positive 

expression rate of TR3/Nur77 in hepatocellular carcinoma is higher than that in chronic 

hepatitis and cirrhosis. The positive rate of TR3/Nur77 expression in hepatocellular 

carcinoma is higher with HBV infection than that without infection. Our results suggest that 

TR3/Nur77 plays an important role in the progression of chronic hepatitis, the occurrence 

and development of HCC.

Material and Methods

Patient material and tissue

The paraffin-embedded postoperative tissue specimens classified by pathological analysis 

were obtained from the archives of Department of Pathology, the Second Affiliated Hospital 

of Guangzhou Medical University, P. R. China, between January to December 2013. 

Twenty-one human primary liver cancer specimens from patients that have complete medical 

records were retrieved. Approval of the current project was obtained from the local ethics 

committee.

The main characteristics of 21 patients were summarized in our most recent publication 

[15]. Ages of all patients in this study are between 32 and 70 years (median, 58 years), with 

13 cases of males and 8 cases of females. There are 8 cases and 13 cases with the tumor 

diameter less/equal or greater than 5 cm, respectively. Histological analysis indicated that 13 

cases and 8 cases belong to low/middle and highly differentiated tumors, respectively. 

Among the 21 patients, 14 and 16 patients complicated with portal vein thrombosis and 

infection with HBV, respectively. There are 20 cirrhosis tissues and 15 chronic hepatitis 

tissues obtained from para-tumor tissues, respectively.

Compliance with ethical standards

The research involves human samples. The study was approved by the Ethics Committee of 

The Second Affiliated Hospital of Guangzhou Medical University.

Tissue processing and immunohistochemically staining

All tissues were fixed with 10% formalin, embedded with paraffin. Immunochemical 

staining on 4 m sections was performed with an antibody against TR3/Nur77 (Univ-bio, 

Shanghai, CHINA), using immunological staining reagents following the protocol provided 

by the manufacture (Univ-bio, Shanghai, CHINA). PBS buffer was used as negative control.

Zeng et al. Page 3

J Clin Exp Oncol. Author manuscript; available in PMC 2017 August 28.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Data analysis

Stained sections were analysed by two independent pathologists. At least 10 fields with 

400× amplification from each stained section were randomly chosen to be photographed 

with Olympus BX41 microscope (Olympus Scientific Solutions Americas Inc. Waltham, 

MA). Brown staining is referred as positive. Using half-quantitative measurement, the 

staining intensity was recorded as two levels, 1 as no staining and 2 as positive staining. The 

positive percentage of cancer cells was counted as 3 levels, 1 as ≤ 25%, 2 as 26%~75%and 3 

as ≥ 76%. The final score for each section was the multiplication of these two scores (1~6). 

The sections were referred to be positive and negative with final score ≥ 3 and <3, 

respectively.

Statistics

Chi-square test and Fisher exact test were used for statistical analysis. A level of p<0.05 is 

considered significant.

Results

Expression of TR3/Nur77 in chronic hepatitis, cirrhosis and hepatocellular carcinoma

To study the correlation of TR3/Nur77 expression in HCC with chronic hepatitis, we 

examined human normal liver tissues and hepatic cancer tissues by immunostaining with an 

antibody against TR3/Nur77. The stained sections were analyzed by two independent 

pathologists. At least 10 fields with 400× amplification were randomly chosen from each 

stained section. Using half-quantitative measurement, the staining intensity was recorded as 

two levels, 1 as no staining and 2 as positive staining. The positive percentage of cells was 

counted as 3 levels, 1 as ≤ 25%, 2 as 26%~75% and 3 as ≥ 76%. The final score for each 

specimen was the multiplication of these two scores. They were referred to as high and low 

with final score ≥ 3 and < 3, respectively. The positive expression yields of TR3 are 20% 

(3/15), 30% (6/20) and 66.67% (14/21) in chronic hepatitis tissues, liver cirrhosis tissues and 

hepatocellular carcinoma tissues, respectively, which are statistic significant (χ2=9.453, 

p<0.05). The expression of TR3 is significantly higher in hepatocellular carcinoma than that 

in chronic hepatitis (p=0.0073) and cirrhosis (χ2=5.647, p<0.05) (Table 1). The data 

indicate that the positive rate of TR3/Nur77 expression in hepatocellular carcinoma is higher 

than that in both chronic hepatitis and cirrhosis.

Correlation of TR3/Nur77 expression with HBV infection

To study whether TR3 expression correlates with HBV infection, we analyzed tissues 

obtained from patients with and without HBV infection. The positive rates of TR3/Nur77 

expression are 81.25% (13/16) and 20% (1/5) in patients with and without HBV infection, 

respectively, which are statistic significant (p<0.05) (Table 2). Our data indicate that positive 

rate of TR3/Nur77 expression in hepatocellular carcinoma infected with HBV infection is 

higher than that in hepatocellular carcinoma without infection.
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Conclusions

Most recently, we reported that the expression of TR3 in human hepatic cancer tissues 

correlates very well with tumor progress and metastasis [15]. Here, we find that the positive 

rates of TR3/Nur77 expression in hepatocellular carcinoma, cancerous liver cirrhosis and 

chronic hepatitis are 66.67%, 30%, and 20%, respectively, which are statistic significant 

(p<0.05). The positive expression rates of TR3/Nur77 in hepatocellular carcinoma with 

HBV (+) or HBV (−) are 81.25% and 20%, respectively, which are statistic significant 

(p<0.05).

Angiogenesis is critical for tumor growth [16–20]. One of the most important angiogenic 

factors is vascular endothelial growth factor-A (VEGF-A) which is widely studied in the 

angiogenesis and progression of hepatocellular carcinoma [20]. Nuclear orphan receptor 

TR3/Nur77 is a major transcription factor downstream of VEGF-A, histamine and serotonin, 

controlling pathologic angiogenesis [2–4]. TR3/Nur77 are highly and transiently regulated 

in VEGF-A-induced endothelial cells and several types of pathological changes [2–4]. The 

results of this study show that the positive expression rate of TR3/Nur77 in 21 cases of HCC 

is 66.67%, which was significantly higher than that in chronic hepatitis and cirrhotic tissues. 

Our results are consistent with the report from Kanematsu et al. who found that the 

expression of VEGF receptor in hepatocellular carcinoma is 7 times and significantly higher 

than that in normal liver tissue and in adjacent liver cancer tissues, respectively [21]. 

Expression of TR3/Nur77 correlates very well with the characteristics of hepatic tumors, 

including highly metastasized, early and easy recurrence and other clinical biological 

characteristics, suggesting that TR3/Nur77 plays an important role in the progress of chronic 

hepatitis to hepatic cirrhosis and hepatic cancer.

It is well known that chronic hepatitis, in which, HBV infection is the main cause, is a 

prelude to cirrhosis and hepatic cancer. HBV infection is closely related to the occurrence 

and development of primary hepatic cancer. HBsAg-positive HCC patients account for 70% 

to 90% of the total number of chronic hepatitis. HBV-related hepatocellular carcinoma has a 

lower degree of differentiation and poorer prognosis than non-HBV-infected hepatocellular 

carcinoma [22]. In the process of chronic hepatitis and cirrhosis, the repeated alternation of 

liver cell degeneration, necrosis, fibrous hyperplasia, and hepatocellular nodular 

regeneration results in liver fake lobular formation. This blood circulation disorders and 

local liver fiber/sclerosis inevitably cause hypoxia. Hypoxia activates hepatocytes and 

hepatic stellate cells, through autocrine and paracrine way, to induce VEGF-A and other 

cytokines [23]. It was reported that HBV infection up-regulates the expression of VEGF-A 

in hepatic cancer to induce tumor angiogenesis [24]. We find that the positive rate of TR3/

Nur77 expression in HBV infection group is significantly higher than that in non-HBV 

infection group, suggesting that HBV infection up-regulates the expression of TR3/Nur77 in 

HCC tissues. HBV-infected hepatocellular carcinomas have its own unique biological 

characteristics. The expression of TR3/Nur77 in these patients is significantly higher than 

that of non-HBV-infected hepatocellular carcinoma, which may be one of the reasons for the 

poor prognosis of HBV infection.
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In summary, we find that the positive expression rate of TR3/Nur77 in hepatocellular 

carcinoma is significantly higher than that in chronic hepatitis and cirrhotic tissues. The 

positive rate of TR3/Nur77 expression in HBV (+) hepatic cancer tissues is significantly 

higher than that in non-HBV infected tissues, suggesting that TR3/Nur77 plays an important 

role in the progression of chronic hepatitis, cirrhosis and the occurrence and development of 

hepatic cancer.

Acknowledgments

This work was supported by National Institutes of Health [grant numbers R01CA133235, R03 CA194795 and 
R03CA191463] and by Guangdong Science and Technology Department [grant numbers 2012B031800491].

Abbreviations

VEGF-A Vascular Endothelial Growth Factor-A

HBV Hepatitis B Virus

HCC Hepatocellular Carcinoma

References

1. Flaig R, Greschik H, Peluso-Iltis C, Moras D. Structural basis for the cell-specific activities of the 
NGFI-B and the Nurrl ligand-binding domain. J Biol Chem. 2005; 280:19250–19258. [PubMed: 
15716272] 

2. Qin L, Zhao D, Xu J, Ren X, Terwilliger EF, et al. The vascular permeabilizing factors histamine 
and serotonin induce angiogenesis through TR3/Nur77 and subsequently truncate it through 
thrombospondin-1. Blood. 2013; 121:2154–2164. [PubMed: 23315169] 

3. Zeng H, Qin L, Zhao D, Tan X, Manseau EJ, et al. Orphan nuclear receptor TR3/Nur77 regulates 
VEGF-A-induced angiogenesis through its transcriptional activity. J Exp Med. 2006; 203:719–729. 
[PubMed: 16520388] 

4. Zhao D, Qin L, Bourbon PM, James L, Dvorak HF, et al. Orphan nuclear transcription factor TR3/
Nur77 regulates microvessel permeability by targeting endothelial nitric oxide synthase and 
destabilizing endothelial junctions. Proc Natl Acad Sci U S A. 2011; 108:12066–12071. [PubMed: 
21730126] 

5. Lee SL, Wesselschmidt RL, Linette GP, Kanagawa O, Russell JH, et al. Unimpaired thymic and 
peripheral T cell death in mice lacking the nuclear receptor NGFI-B (Nur77). Science. 1995; 
269:532–535. [PubMed: 7624775] 

6. Niu G, Ye T, Qin L, Bourbon PM, Chang C, et al. Orphan nuclear receptor TR3/Nur77 improves 
wound healing by upregulating the expression of integrin beta4. Faseb J. 2014; 29:131–140. 
[PubMed: 25326539] 

7. Maxwell MA, Cleasby ME, Harding A, Stark A, Cooney GJ, et al. Nur77 regulates lipolysis in 
skeletal muscle cells. Evidence for cross-talk between the beta-adrenergic and an orphan nuclear 
hormone receptor pathway. J Biol Chem. 2005; 280:12573–12584. [PubMed: 15640143] 

8. Kanzleiter T, Schneider T, Walter I, Bolze F, Eickhorst C, et al. Evidence for Nr4a1 as a cold-
induced effector of brown fat thermogenesis. Physiol Genomics. 2005; 24:37–44. [PubMed: 
16219868] 

9. Campos-Melo D, Galleguillos D, Sanchez N, Gysling K, Andres ME. Nur transcription factors in 
stress and addiction. Front Mol Neurosci. 2013; 6:44. [PubMed: 24348325] 

10. McMorrow JP, Murphy EP. Inflammation: a role for NR4A orphan nuclear receptors? Biochem 
Soc Trans. 2011; 39:688–693. [PubMed: 21428963] 

Zeng et al. Page 6

J Clin Exp Oncol. Author manuscript; available in PMC 2017 August 28.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



11. Mohan HM, Aherne CM, Rogers AC, Baird AW, Winter DC, et al. Molecular pathways: the role of 
NR4A orphan nuclear receptors in cancer. Clin Cancer Res. 2012; 18:3223–3228. [PubMed: 
22566377] 

12. Pearen MA, Muscat GE. Minireview: Nuclear hormone receptor 4A signaling: implications for 
metabolic disease. Mol Endocrinol. 2010; 24:1891–1903. [PubMed: 20392876] 

13. Forner A, Llovet JM, Bruix J. Hepatocellular carcinoma. Lancet. 2012; 379:1245–1255. [PubMed: 
22353262] 

14. Ferlay J, Shin HR, Bray F, Forman D, Mathers C, et al. Estimates of worldwide burden of cancer in 
2008: GLOBOCAN 2008. Int J Cancer. 2010; 127:2893–2917. [PubMed: 21351269] 

15. Zeng Y, Ye X, Liao D, Huang S, Mao H, et al. Orphan nuclear receptor TR3/Nur77 is a specific 
therapeutic target for hepatic cancers. J Clin Exp Onco. 6:3. In Press. 

16. Dvorak HF, Brown LF, Detmar M, Dvorak AM. Vascular permeability factor/vascular endothelial 
growth factor, microvascular hyperpermeability, and angiogenesis. Am J Pathol. 1995; 146:1029–
1039. [PubMed: 7538264] 

17. Ferrara N. Vascular endothelial growth factor: molecular and biological aspects. Curr Top 
Microbiol Immunol. 1999; 237:1–30. [PubMed: 9893343] 

18. Ferrara N, Gerber HP, LeCouter J. The biology of VEGF and its receptors. Nat Med. 2003; 9:669–
676. [PubMed: 12778165] 

19. Leung DW, Cachianes G, Kuang WJ, Goeddel DV, Ferrara N. Vascular endothelial growth factor is 
a secreted angiogenic mitogen. Science. 1989; 246:1306–1309. [PubMed: 2479986] 

20. Senger DR, Galli SJ, Dvorak AM, Perruzzi CA, Harvey VS, et al. Tumor cells secrete a vascular 
permeability factor that promotes accumulation of ascites fluid. Science. 1983; 219:983–985. 
[PubMed: 6823562] 

21. Kanematsu M, Osada S, Amaoka N, Goshima S, Kondo H, et al. Expression of vascular 
endothelial growth factor in hepatocellular carcinoma and the surrounding liver: correlation with 
angiographically assisted CT. AJR Am J Roentgenol. 2004; 183:1585–1593. [PubMed: 15547195] 

22. El-Serag HB, Rudolph KL. Hepatocellular carcinoma: epidemiology and molecular carcinogenesis. 
Gastroenterology. 2007; 132:2557–2576. [PubMed: 17570226] 

23. Corpechot C, Barbu V, Wendum D, Kinnman N, Rey C, et al. Hypoxia-induced VEGF and 
collagen I expressions are associated with angiogenesis and fibrogenesis in experimental cirrhosis. 
Hepatology. 2002; 35:1010–1021. [PubMed: 11981751] 

24. Xie KL, Zhang YG, Liu J, Zeng Y, Wu H. MicroRNAs associated with HBV infection and HBV-
related HCC. Theranostics. 2014; 4:1176–1192. [PubMed: 25285167] 

Zeng et al. Page 7

J Clin Exp Oncol. Author manuscript; available in PMC 2017 August 28.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Zeng et al. Page 8

Table 1

Expression of TR3/Nur77 in hepatocellular carcinoma of chronic hepatitis cirrhosis.

Tissues No. of patients Positive expression rate χ2 P

Cancer tissues 21 14(66.67%) 9.453 <0.05

cirrhosis 20 6 (30%)*

chronic hepatitis 15 3 (20%)**

Note:

*
Cancer tissues compared with para-cancerous hepatic cirrhosis, χ2=5.647, p<0.05.

**
Cancer tissues compared with chronic hepatitis tissue, p<0.05.
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