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Abstract
In hepatitis C virus (HCV) infection, important characteristics are successful escape from immune response as well as often seen non-response to interferon (IFN)-therapy. Persistence of infection occurs in about 80% of the patients and results in severe liver disease like cirrhosis and hepatocellular carcinoma. In the meantime, HCV accounts the most often cause for hepatocellular carcinoma (HCC) and liver transplantation in the western world. The underlying molecular mechanisms how HCV promotes tumor development are largely unknown. There is some in vitro and in vivo evidence that HCV interferes with the tumor suppressor promyelocytic leukemia (PML) and may thereby importantly contribute to the HCV-associated pathogenesis with respect to the development of HCC. The tumor suppressor protein PML has been implicated in the regulation of important cellular processes like differentiation and apoptosis. It localises both in the nucleoplasm and in matrix-associated multi-protein complexes known as nuclear bodies (NB). PML has attracted intense interest in cancer biology due to its role in the pathogenesis of acute promyelocytic leukemia. Recently, comprehensive studies have shown that the PML protein is frequently lost in human cancers of various histologic origins. These observations demonstrate that PML is crucial for critical tumor-suppressive pathways although its mechanism of action is largely unknown. Number and intensity of PML NBs increase in response to IFNs. Although the function of PML NBs is still unclear, there is some evidence that they may represent preferential targets in viral infections and that PML could play a role in the mechanism of the antiviral action of interferons. Herein we aim to summarise current knowledge about HCV-related liver carcinogenesis and discuss a potential role of the nuclear body protein PML for this this hard-to-treat cancer.
© 2014 Baishideng Publishing Group Co., Limited. All rights reserved.  
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Core tip: Escape from immune response and non-responsiveness to interferon-therapy are frequently observed in hepatitis C virus (HCV) infection. HCV infection leads to severe liver disease like cirrhosis and hepatocellular carcinoma and is the major cause for hepatocellular carcinoma and liver transplantation in the western world. Interestingly, HCV interferes with tumor suppressor promyelocytic leukemia (PML) function in apoptosis. PML localises to multi-protein complexes termed nuclear bodies (NBs). The number and the size of PML NBs are increased upon interferon-treatment and PML NBs represent preferential targets in viral infection. Accordingly, PML plays an important role in the antiviral action of interferons.
Herzer K, Hofmann TG. Hepatitis C-associated liver carcinogenesis: Role of nuclear bodies. World J Gastroenterol 2014; In press 
HEPATOCELLULAR CARCINOMA 
Liver cancer is the fifth most common cancer worldwide and the third most common cause of cancer mortality1ADDIN EN.CITE.DATA 
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. Hepatocellular carcinoma (HCC), which accounts for about 75% of primary liver tumors, is characterized by a very poor prognosis and is associated with high mortality2[]
. It has been well known that chronic viral hepatitis B and C infections are the most important risk factors, responsible for 80% of HCC worldwide3[]
. Hepatocarcinogenesis is a multistep process4ADDIN EN.CITE.DATA 
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. It has been proposed that hepatitis viruses can cause HCC by a combination of two mechanisms: first by cell lysis and stimulation of mitosis, leading to an accumulation of events necessary for transformation, and second by an increase in CIN mediated by induced recombinogenic proteins during chronic hepatitis. HCC is a consequence of accumulative somatic mutations in the genome of virus-infected liver cells. From this perspective, these cancer-related mutations can be viewed as a focus for potential targets to be researched5[]
.

  However, current available therapeutic modalities for HCC are largely inadequate. So far, cytotoxic chemotherapy has proven ineffective and no first-line therapy has emerged for advanced HCC6[]
. Despite major efforts to improve diagnosis and treatment of HCC, therapeutic options remain limited. Thus, the need for novel therapeutic agents and strategies is obvious. 
   Chronic infection with hepatitis C virus (HCV) has been causally associated with HCC7[]
. Recent advances in imaging and treatment have brought about some improvement in prognosis of patients with HCV-related HCC, but outcomes are still unsatisfactory. Reasons for this unfavorable prognosis are considered to include high intrahepatic tumor recurrence rates and sustained hepatic damage, both resulting from HCV infection. Underlying HCV-related hepatic damage may also compromise hepatic functional reserve, and worsen clinical outcome. Thus prevention of HCC recurrence and preservation of liver function are both high priorities for improving prognosis of patients with HCV-related HCC.

  Interferon (IFN) therapy for patients with HCV infection is effective in eradicating HCV, and thus IFN could have value in minimizing hepatic necrosis, inflammation and fibrosis, as well as reducing the incidence of HCC. Several recent studies have reported that IFN therapy, even after curative treatment for HCV-related HCC, could prevent HCC recurrence and improve survival8[]
. Moreover, pegylated interferon (PEG-IFN)-alpha has been shown to effectively treat advanced hepatocellular carcinoma (HCC), even more so in combination with 5-fluorouracilADDIN EN.CITE.DATA 
 ADDIN EN.CITE 
[9]
. However, the mechanisms by which IFN suppresses HCC recurrence, including possible direct anti-tumor and anti-inflammatory effects, remain uncertain. 

  Recently, we described that the IFN-α–mediated induction of Promyelocytic leukemia (PML) nuclear bodies (NBs) in hepatoma cells and TRAIL induction is directly involved in the cytotoxic effect of IFN against hepatoma cells and, subsequently, the impaired regulation of IFN-induced cell death in a subset of lines that correlates with non-responsiveness to TRAIL-induced apoptosisADDIN EN.CITE.DATA 
 ADDIN EN.CITE 
[10]
. These findings indicate that induction of PML appears important for enhanced expression of TRAIL and subsequent activation of death receptors and apoptosis in liver tumor cells11[]
. Thus, PML may account a central component in apoptosis regulation in hepatocarcinogenesis. In the following, we will provide some more background information on PML NBs.
PML NBS
The PML gene is a target of IFNs that is specifically up-regulated at the transcriptional level. Multiple isoforms of PML have been identified, most of which are found in the nucleus where they form PML NBsADDIN EN.CITE.DATA 
 ADDIN EN.CITE 
[12]
.

  Tumor suppressor protein PML localizes predominantly to distinct nuclear domains termed PML NBs, multiprotein complexes implicated in apoptosis regulation, cellular senescence and antiviral response. PML NBs are present in almost every human cell type analyzed so far and appear as discrete nuclear dots in immunofluorescence. More than 80 different proteins have been found to localize to PML NBs, but they are conditionally present and include several different classes of proteins such as ribosomal proteins, transcription factors and cofactors, as well as oncoproteinsADDIN EN.CITE.DATA 
 ADDIN EN.CITE 
[13]
.

  In leukemic blast of patients suffering from acute promyelocytic leukemia the PML gene is reciprocally fused with the retinoic acid receptor  gene, thus resulting in expression of an oncogenic PML-RAR fusion protein. PML-RARα protein leads to disruption of PML-NBs in numerous tiny microspeckles, and its expression is sufficient for cellular transformation and induction of leukemia. Treatment of acute promyelocytic leukemia (APL) patient with all-trans retinoic acid or arsenic trioxide (As2O3) leads to reformation of PML-NBs and triggers either terminal differentiation or apoptosis of the blasts, which finally results in disease remission. Investigations of PML-RARα transgenic and PML-/- mice have demonstrated that PML inactivation results in impaired induction of apoptosis by multiple apoptotic pathways, and PML-/- mice are highly susceptible to developing tumors when challenged by carcinogensADDIN EN.CITE.DATA 
 ADDIN EN.CITE 
[14]
. Recently, comprehensive studies have shown that PML protein is frequently lost in human cancers of various histologic originsADDIN EN.CITE.DATA 
 ADDIN EN.CITE 
[15]
. These observations demonstrate that PML is crucial for critical tumor-suppressive pathways although its mechanism of action is largely unknown.

PML expression exerts potent growth suppressive and apoptosis-inducing activities, and PML-deficient mice and cells exhibit defects in multiple apoptosis pathways. Furthermore, PML deficiency has been linked to increased susceptibility to viral pathogens16[]
. It is now established that PML NBs act as platforms, which are involved in the control of p53 activityADDIN EN.CITE.DATA 
 ADDIN EN.CITE 
[17]
. Consistent with this model, PML isoform IV (PML IV) serves as a p53 coactivator and colocalizes with numerous factors regulating p53 post-translational modification, in particular its phosphorylation and acetylation, in PML-NBs, thereby regulating p53 target gene expression and effector function. Although previous studies showed that HCV core protein interacts with p53 and affects its function, the reported effects of HCV core on p53 activity are not consistent ADDIN EN.CITE.DATA 
 ADDIN EN.CITE 
[18,19]
.
HCV INFECTION AND PML
Chronic infection with the HCV is considered to be a major risk factor for the development of HCC and, moreover, represents the leading cause for liver transplantation in the western world20[]
. Hepatitis C virus is an RNA virus that does not integrate into the host genome but HCV proteins interact with many host-cell proteins and are involved in a wide range of activities, including cell signalling, transcription, cell proliferation, apoptosis and translational regulation21[]
. Increasing experimental evidence suggests that HCV contributes to HCC development by directly modulating pathways that promote the malignant transformation of hepatocytes22[]
.

  Hepatitis C virus-induced chronic inflammation and the effects of cytokines in the development of fibrosis and liver cell proliferation are considered as one of the major pathogenic mechanisms. However, using overexpression systems, numerous studies on various HCV proteins showed a variety of direct effects of viral proteins in the host cell on signal transduction, growth regulation and apoptosis. At least four of the HCV gene products, namely HCV core, NS3, NS4B and NS5A, have been shown to exhibit transformation potential in tissue culture and several potentially oncogenic pathways have been shown to be altered by the expression of HCV proteins22[]
. Several studies have investigated a potential role of the core protein in regulating apoptotic cell death. It has been demonstrated to exert both, pro- and anti-apoptotic activitiesADDIN EN.CITE.DATA 
 ADDIN EN.CITE 
[23]
. Likewise, in liver derived cells opposite and controversial effects were observed. However, it was demonstrated that the core protein might physically interact with the cytoplasmic domains of CD95, tumor necrosis factor-R1 and the lymphotoxin-βreceptor and thereby enhances downstream signalling events of these receptorsADDIN EN.CITE.DATA 
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[24]
. Moreover, the core protein did also interact with the death domain of FADD and with c-FLIPADDIN EN.CITE.DATA 
 ADDIN EN.CITE 
[25]
. Because of the presence of a putative DNA-binding motif and nuclear localisation signals, a possible function of the core protein as a gene regulatory mediator has been suggested. However, interpretation of these data is difficult. In the different studies, only sparse attempts have been made in order to understand how HCV proteins could interfere with apoptosis at the molecular level.

      As a central apoptosis-modulating mechanism, HCV core has also been reported to bind to p53. However, in the different reports it either activates or inactivates p53 and its downstream target p21. Recently, our work was able to shed some light on this controversy demonstrating that HCV core inhibits p53-mediated target gene expression through targeting predominantly the coactivator function of PML-IVADDIN EN.CITE.DATA 
 ADDIN EN.CITE 
[26]
. These findings strongly suggest that in hepatoma cells HCV core protein predominantly interferes with p53 function through targeting PML and not only p53, as suggested by previous reportsADDIN EN.CITE.DATA 
 ADDIN EN.CITE 
[27-31]
. Furthermore, these findings could provide an explanation for the contradictory reports about the effect of HCV core expression on p53 function, since they demonstrate a prominent role of PML in this scenario, which might be differentially expressed in the particular cell system used in these studies.  

    To reduce potential artifacts caused by non-physiological overexpression in cell culture, HCV transgenic mice have been generated. In those mice, liver cell apoptosis was significantly reducedADDIN EN.CITE.DATA 
 ADDIN EN.CITE 
[32]
. These and other data suggest that HCV proteins might directly or indirectly inhibit apoptosis rather than facilitate apoptosis. Moreover, after crossing those mice with PML knock out mice, the resulting HCV-transgenic PML-deficient mice show a significantly higher sensitivity towards chemical induction of liver tumorsADDIN EN.CITE.DATA 
 ADDIN EN.CITE 
[33]
. These data confirm a central role of PML in HCV-associated development of liver cancer. 

CONCLUSION

Understanding the function of PML comes from characterizing the pathogenesis of APL. In the vast majority of patients, the PML-retinoic acid receptor alpha (RAR) fusion protein renders hematopoietic progenitor cells resistant to apoptosis by deregulating the PML pathway and blocks the differentiation of myeloid cells induced by physiologic concentrations of RAADDIN EN.CITE.DATA 
 ADDIN EN.CITE 
[34]
. PML-RARα is therefore regarded as a double-dominant negative oncogene product, which interferes with PML functions.

Studies of APL tumorigenesis have shown that PML mediates tumor suppressive functions, including induction of apoptosis and growth arrest, at least in part through PML-NBs. PML has also been reported to suppress the growth of breast and prostate cancer cellsADDIN EN.CITE.DATA 
 ADDIN EN.CITE 
[35,36]
, but it is not known whether this protein modulates key tumor suppressive pathways in the pathogenesis of various solid tumors.
PML was observed to interact directly with p53 and to colocalize with p53 in PML-NBs. Moreover, PML can modulate p53 function as a transcriptional coactivator. It was also reported, however, that PML can modulate p53-independent apoptotic pathways as well as stimulating the transcription of several apoptotic genesADDIN EN.CITE.DATA 
 ADDIN EN.CITE 
[13]
. These data strongly support the potential usefulness of PML in cancer gene therapy, including the treatment of various types of liver cancers, and suggest that the PML gene can be effective in tumor cells resistant to p53-mediated apoptosis, such as advanced liver cancer in adults.
  However, although PML is essential for several apoptosis pathways and acts as a coactivator of p53 in PML-NBs, the ability of PML to independently suppress the growth of solid human tumors, in particular in liver cancer, has not been determined. 

  An immunohistologic study of PML expression in hepatocarcinogenesis describes differential overexpression of PML in dysplastin nodules versus carcinoma suggesting a differential regulation during the multistep hepatocarcinogenesis37[]
. It would be interesting to address the question, if PML expression in HCC correlated with the etiology of the liver tumor and if velocity of disease progression correlates with alterations in PML expression or defects in the PML gene. A study employing hepatoma cells revealed that overexpression of PML lead to significant G1 cell cycle arrest in liver cancer cells, subsequently triggering cell death, in part through a caspase-dependent apoptosis pathwayADDIN EN.CITE.DATA 
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[38]
. Moreover, two recent reports suggest that suppression of PML by hepatitis B virus (HBV) HBV Ag interferes with cellular mechanisms of DNA repair of DNA double-strand DNA damage repair or apoptosis induction, potentially contributing to hepatocarcinogenesis associated with chronic hepatitis B virus infection39ADDIN EN.CITE.DATA 
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.
   Recently, a central role for PML NBs in IFN-[image: image1.png]


–mediated induction of cell death in hepatoma cells has been demonstrated. PML-mediated TRAIL induction is directly involved in the cytotoxic effect of IFN against hepatoma cells and, subsequently, the impaired regulation of IFN-induced cell death in a subset of lines that correlates with non-responsiveness to TRAIL-induced apoptosisADDIN EN.CITE.DATA 
 ADDIN EN.CITE 
[10]
. These results indicate that induction of PML appears important for enhanced expression of TRAIL and subsequent activation of death receptors and apoptosis in liver cancer. However, the binding partners of PML appear to be quite diverse in different cell types. To understand its role in transcriptional control, a major focus in the future will therefore be to identify transcription factors PML interacts with upon IFN stimulation and define which of these subsequently regulate activation of the TRAIL gene. Furthermore, our preliminary data on sequence analyses of the TRAIL promotor region in different liver cancer cell lines reveal variations in those sites which correspond to response elements involved in IFN-signaling. These results suggest that relevant sites may harbour mutations, which, thus, may sign responsible for the differential response of hepatomas to IFN-mediated effects.

  Recent results from our own lab clearly indicate that the HCV core protein interferes with the tumor suppressor PML and may thereby importantly contribute to the HCV-associated pathogenesis with respect to the development of HCCADDIN EN.CITE.DATA 
 ADDIN EN.CITE 
[26]
. Moreover, results from a study employing HCV-transgenic mice, which are PML-deficient confirm a central role of PML in HCV-associated hepatocarcinogenesis, as those mice that lack the tumor suppressor PML do much faster develop liver tumors than their HCV-positive counterparts expressing wild-type PMLADDIN EN.CITE.DATA 
 ADDIN EN.CITE 
[33]
. It will be interesting to treat tumors in HCV-transgenic PML-deficient mice with a liver-specific adenovirus recombinantly expressing PML. Speculations that PML-reconstitution has not only a therapeutic but also a preventive effect on hepatocarcinogenesis is intriguing and thus, we postulate a therapeutic potential for PML in this setting.
 However, if PML expression is impaired in HCC development or if there are even defects of the PML gene must be determined, investigations addressing this issue are under way.

  The availability of both IFN-responsive and nonresponsive lines may provide an opportunity by using techniques such as array analysis of liver tumors to identify PML-regulated target genes and, subsequently, additional tumor suppressive pathways that are regulated by PML upon IFN treatment. Finally, those studies will provide new insights into the understanding of IFN responsiveness that may be useful in evaluating the potential use of this agent in patient treatment and HCC therapy. 
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