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Abstract 

 Thyroid cancer is the most common neoplasia of the endocrine system and accounts for 

approximately 1% of all newly diagnosed cancer cases. Its incidence has rapidly grown over the 

past few decades. Although most thyroid carcinomas are of the well-differentiated papillary 

histology, and respond well to treatment with surgical resection followed by radioactive iodine 

ablation, tumors with more aggressive phenotype, such as follicular, poorly differentiated, 

anaplastic, and medullary cancers, lead to almost 1,500 patient deaths annually. Therefore, 

understanding molecular mechanisms that regulate the biology of these carcinomas could be helpful 

to identify new molecules acting as novel targets for therapeutic intervention.  

NF-B has been recently shown to play an important role in thyroid cancer for its ability to 

control the proliferative and the anti-apoptotic signaling pathways of thyroid neoplastic cells. 

Oncogenic proteins RET/PTC, RAS and BRAF, that are involved in many aspects of thyroid 

carcinogenesis, can induce NF-B activation in papillary, follicular, and medullary thyroid 

carcinomas, while constitutive de-regulated NF-B activity has been found in anaplastic thyroid 

carcinomas. A number of NF-B inhibitors have been demonstrated to induce anti-proliferative 

effects and/or massive apoptosis, especially in combination with radio- or chemo-therapy. The 

results obtained suggest that targeting NF-B could be a promising strategy for advanced thyroid 

cancer treatment. 



Page 3 of 28

Acc
ep

te
d 

M
an

us
cr

ip
t

 

Introduction 

Thyroid carcinomas mainly comprise four types of tumors: papillary thyroid carcinoma 

(PTC), follicular thyroid carcinoma (FTC), both of which may be summarized as differentiated 

thyroid carcinoma, medullary thyroid carcinoma (MTC), and undifferentiated anaplastic thyroid 

carcinoma (ATC). PTC, FTC and ATC derive from the thyroid follicular epithelial cells, while 

MTC derives from the parafollicular C-cells (Sherman, 2003). PTC is the most common malignant 

thyroid neoplasm in countries with sufficient iodine diets, and comprises up to 80% of all thyroid 

malignancies. FTC is more common in regions with insufficient iodine diets and represents 

approximately 10-20% of all thyroid malignancies (Fagin and Mitsiades, 2008). The overall 5-10 

year survival rate of patients with PTC is about 80-95%, while that of patients with FTC is about 

70-95% (Gimm, 2001). The incidence of MTC is not well known because epidemiologic studies are 

rare. Generally, it is believed that MTC comprises about 5-10% of all thyroid malignancies (Gimm,  

2001; Sherman, 2003). ATC is one of the most aggressive human malignancies, with a very poor 

prognosis. Although rare, accounting for up to 1-2% of clinically recognized thyroid cancers, the 

overall median survival is limited to months (Smallridge et al., 2009). Unfortunately, at the time of 

diagnosis most of ATC patients already show local and distant metastases, so that surgery, 

radiotherapy, and chemotherapy, based primarily on doxorubicin and cisplatin treatment, do not 

meaningfully improve survival of these patients. Consequently, there is a need for new diagnostic 

and therapeutic tools for the treatment of these tumors.    

An emerging body of literature shows that NF-B plays a role in thyroid cancer (Visconti  et 

al., 1997; Ludwig et al., 2001; Russell  et al., 2003; Vasudevan et al., 2004; Kato et al., 2006; 

Palona et al., 2006; Gombos et al., 2007; Gallel et al., 2008), especially of anaplastic type (Pacifico  

et al., 2004; Starenki  et al., 2004a; Pacifico et al., 2007; Iannetti et al., 2008; Festa et al., 2009; Zhu 

et al., 2009). This is an important issue because NF-B, and particularly the genes under its 

transcriptional regulation, could potentially become novel molecular targets in ATC therapy, given 
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the ability of NF-B to control many aspects of thyroid cancer biology. This review will focus on 

these aspects, in particular on the molecular mechanisms by which NF-B exerts its role in thyroid 

tumors. 

 

NF-B 

NF-B is a family of transcription factors that plays a central role in the regulation of 

apoptosis, inflammation and immune response (Ghosh et al., 1998; Karin and Ben-Neriah, 2000; 

Tak et al., 2001). In mammals, the NF-B family is composed of five members: RelA(p65), RelB, 

c-Rel, NF-B1 (p50 and its precursor p100), NF-B2 (p52 and its precursor p105) (Vallabhapurapu 

et al. 2009). These proteins form homodimers and heterodimers and their activity is regulated by 

two major pathways. The first pathway – known as the canonical pathway- regulates the activity of 

NF-B dimers composed of RelA(p65), c-Rel and p50. These dimers are held in the cytoplasm in 

an inactive form bound to specific inhibitors known as inhibitor of B (IB). Following different 

stimuli, such as cytokines, pathogens and pathogen-related factors, IB is phosphorylated on 

specific serine residues, ubiquitinated and degraded through a proteasome dependent pathway. NF-

B dimers are then free to move to the nucleus and to transcribe target genes (Hayden et al. 2008). 

The second pathway affects NF-B2, which preferentially dimerizes with RelB. Following 

triggering of some members of the TNF receptor superfamily, such as LT-R and BAFF-R, NF-

B2 is phosphorylated, ubiquitinated, and processed to form the mature form p52. RelB-p52 dimers 

then move to the nucleus, where they control transcription of genes involved in secondary lymphoid 

organ development and lymphocytes survival  (Claudio et al., 2002; Kayagaki et al., 2002; Dejardin 

et al., 2002). The phosphorylation of the IB and NF-B2 is mediated by a high molecular weight 

complex, the IB Kinase (IKK) complex. This complex is composed by two catalytic subunits, 

IKK and IKK, and a regulatory subunit IKK/NEMO (Ghosh et al. 2002). IKK and IKK have 

distinct substrates. IKK directly phosphorylates IB, then activating the canonical pathway, while 
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IKK mediates the phosphorylation of NF-B2 along with another protein kinase called NIK (Xiao 

et al., 2001; Senftleben et al., 2001). IKK/NEMO does not have any enzymatic activity but its 

presence in the complex is absolutely necessary for a correct activation of the IKK complex, very 

likely because it  serves to connect upstream signal mediators to the IKK (Yamaoka et al., 1998; 

Rothwarf et al., 1998). Once in the nucleus, NF-B transcribes different genes controlling different 

aspects of cell physiology. Since many of these genes fall in the six categories characterizing a 

neoplastic cell (1. self-sufficiency in growth, 2. insensitivity to growth-inhibitory signals, 3. evasion 

of apoptosis, 4. limitless replicative potential, 5. sustained angiogenesis and 6. tissue invasion and 

metastasis) (Hanahan and Weinberg, 2000), it is not surprising that the NF-B pathway is involved 

in cell transformation (Fig.1).  

No information is available about the role played by NF-B in thyroid gland development, 

and very little is known about the influence of NF-B on the regulation of thyroid functions, as well 

as on the expression of thyroid specific genes, such as thyroglobulin, thyroid stimulating hormone-

receptor, and thyroperoxidase. It has been reported that the murine Pax8 gene contains B sites, 

however no experimental evidence confirmed that theses sites are functional (Okladova et al. 1997). 

 

Role of NF-B in thyroid cancer 

Several lines of evidence show that NF-B plays a role in cancer. Its activity has been found 

constitutively elevated in many types of human tumors from either haematological or solid origin 

(Pacifico and Leonardi, 2006). The role of NF-B in solid tumors has been well documented in 

several studies performed on primary tumors, and neoplastic cell lines derived from different 

human tissues. These studies show that the inhibition of constitutive NF-B activity blocks the 

oncogenic potential of neoplastic cells by different ways: by sensitizing tumor cells to 

chemotherapeutic drug-induced apoptosis, by decreasing the highly proliferative rate which 

characterizes transformed cells, and by inhibiting tissue invasiveness and metastatic potential of 
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highly malignant cells (Karin et al., 2002).
 
In addition, since it is now generally accepted that 

chronic inflammation contributes to the genesis of many solid tumors, such as gastric, colon and 

hepatic carcinomas, activation of NF-B by the classical IKK-dependent pathway, is a crucial 

mediator of inflammation-induced tumor growth and progression in animal models of 

inflammation-associated cancer (Greten et al., 2004; Pikarsky et al., 2004). 

The first evidence of NF-B constitutive activation in thyroid carcinomas was reported by 

Visconti et al. in 1997, who described the presence of a strong de-regulated NF-B activity in the 

nuclei of different thyroid cancer-derived cell lines. In this work the authors pointed out the 

requirement of NF-B for the expression of neoplastic phenotype of thyroid carcinoma cell lines. 

Successively, Ludwig and co-workers demonstrated that NF-B was strongly activated in tissue 

specimens from  parafollicular C-cell carcinomas, and that RET oncogene needs NF-B to exert its 

transforming activity in the MTC-derived TT cell line. Since then, a number of papers reported that 

different signaling pathways leading to the neoplastic transformation of thyroid cells, merge into 

NF-B activation: the anti-apoptotic behaviour and invasiveness of thyroid cancer cells transformed 

by oncogenic BRAF is mediated by NF-B activation (Palona et al., 2006); blocking PPAR tumor 

suppressor promotes follicular thyroid carcinogenesis via NF-B (Kato et al., 2006); constitutive 

activation of the PI3K/Akt pathway due to PTEN inactivation, accelerates thyroid cancer 

progression following increase of NF-B activity (Guigon et al., 2009). It has also been reported 

that FOXO3 activity is negatively regulated by the PI3K/Akt pathway, suggesting that FOXO3 

inactivation might cooperates with NF-B in controlling survival of thyroid cancer cells (Guigon et 

al. 2009, Karger et al. 2009).  

In addition to cell lines, additional studies have shown that primary human thyroid 

carcinomas exhibit high basal activity of NF-B, especially in tissue specimens from ATC (Fig.2) 

(Pacifico et al., 2004; Mitsiades et al., 2006). The increased NF-B activity detected in both cell 

lines and primary tumors, is not a simple epiphenomenon of the neoplastic transformation, but 
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rather one of the causes that contributes to the establishment of the neoplasia. In fact, inhibition of 

NF-B by ectopic expression of a superepressor form of IB in the ATC-derived cell line FRO, 

determines an increased susceptibility to chemotherapeutic drug-induced apoptosis, and the block 

of the oncogenic activity (Pacifico et al., 2004). The specific antisense oligonucleotides against 

RelA reduces the growth rate of different thyroid cell lines (Visconti et al., 1997 ). Several NF-B 

inhibitory reagents have been demonstrated to promote thyroid cell death alone, or in combination 

with chemotherapy or radiation exposure (Starenky et al. 2004a; Starenky et al. 2004b; Mitsiades et 

al. 2006). These works indicate that NF-B plays a central role in thyroid cancer being important to 

maintain the transformed phenotype, and to confer resistance to apoptosis. Much of the studies 

present in the literature, point to an exclusive role of the canonical pathway in thyroid 

tumorigenesis. However,  constitutive processing of p100 is associated with the development of 

various lymphomas/leukemia, and with some solid cancer such as breast cancer and pancreatic 

cancer, then the possibility that the alternative pathway may also be involved in thyroid cancer 

needs to be explored (Cogswell et al. 2000, Chandler et al. 2004, Baud and Karin 2008). 

 

NF-B and apoptosis in thyroid cancer 

Cancer cells have the feature to circumvent apoptosis by up-regulating and/or down-

regulating a number of genes involved in the control of programmed cell death. This property 

allows neoplastic cells to survive beyond their normal lifespan, providing protection against 

hypoxia as tumor mass expands, promoting angiogenesis and invasiveness during tumor 

progression, and allowing tumor cells to become resistant to radio- and chemo-therapy. Thus, de-

regulated apoptosis is a fundamental aspect of the biology of cancer.  

The inhibition of NF-B activity in mouse xenograft models of chemo-resistant tumors, 

provokes tumor regression by sensitizing them to chemo-therapeutic drug treatments (Greten et al., 

2004). Consistent with this work, NF-B inhibition in many human tumor-derived cell lines, 
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including malignant Reed-Sternberg (H-RS) cells of Hodgkin’s disease, colon carcinoma cells, lung 

adenocarcinoma cells, Ewing sarcoma cells, prostate carcinoma cells, thyroid carcinoma cells, and 

many others, induces spontaneous apoptosis, or/and sensitizes them to killing by TNF, TRAIL or 

anti-cancer drugs (Pacifico and Leonardi, 2006). Mechanisms for NF-B-mediated protection from 

apoptosis are essentially based on its ability to activate the transcription of genes capable of 

suppressing cell death (Kucharczak et al., 2003). Genes controlled by NF-B capable of controlling 

apoptosis may be classified in two major groups. 1) genes interfering with caspase activation and 

cytochrome c release, such as members of the mammalian Bcl-2 gene family, Bcl-xL and Bfl-1/A1, 

(Boise et al., 1993; Wang et al., 1999), and  cellular inhibitors of apoptosis c-IAP1, c-IAP2, TRAF1 

and TRAF2, the zinc-finger protein A20, c-FLIP, all of them able to suppress cell death induced by 

TNF, death receptors or anti-cancer drugs (Deveraux et al., 1998; Yeh et al., 2000; Wang et al., 

1998). 2) Genes controlling JNK activity. Belongs to this group the anti-apoptotic genes XIAP, and 

GADD45, both of them implicated in the suppression of the prolonged, pro-apoptotic JNK activity 

(Tang et al., 2001; De Smaele et al., 2001). In addition to XIAP and GADD45 a similar 

mechanism of action is also displayed by Ferritin Heavy Chain (FHC), the principal site of storage 

of intracellular iron. FHC, by controlling free iron concentration inside the cell, also controls ROS 

production, responsible, in turn, to mediate sustained activation of the proapoptotic JNK pathway 

(Pham et al., 2004). All these anti-apoptotic proteins work in a coordinated manner to interfere with 

apoptosis at multiple steps along the apoptotic signalling cascade (Fig. 3). 

The same antipoptotic mechanisms also work in thyroid cancer cells, and contribute to the 

maintenance of  the transformed phenotype. Numerous studies reported increased expression of the 

pro-survival members of the Bcl-2 gene family in both primary cancer and cell lines (Saltman et al., 

2006; Smallridge et al., 2009). Indeed, Bcl-2 overexpression in thyroid carcinoma cell lines confers 

protection against several anticancer agents, and the use of small peptide that inhibits its 

antiapoptotic activity sensitizes thyroid cancer cell lines to sub-lethal concentration of 
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chemotherapeutic agents (Mitsiades et al. 2007). BRAF promotes its oncogenic activity in thyroid 

cancer cells through the NF-B-mediated induction of c-IAP1, c-IAP2 and XIAP (Palona et al., 

2006). These NF-B regulated proteins are also highly expressed in ATC cell lines (Tirrò et al. 

2006). Inactivation of PPAR or PTEN proteins in FTC leads to the repression of critical genes 

involved in the control of apoptosis following NF-B activation (Kato et al., 2006; Guigon et al., 

2009).  

Also in thyroid cells, the duration of JNK activity seems to be important to determine the 

susceptibility of thyroid cancer cells to apoptosis. Sustained JNK activation after exposure to UV 

increases apoptosis, while transient activation, for example the one induced by growth factors, does 

not (Shklyaev et al., 2001; Sautin et al., 2000). Inhibition of NF-B, by stable transfection of a 

superrepressor form of IB, or by the use of the pharmacological inhibitor DHMED, increases 

JNK activity, rendering FRO cells susceptible to apoptosis. Administration of a specific JNK 

inhibitor blocks the apoptotic response (Pacifico et al., 2004; Starenki et al., 2004b). This effect 

seems to be mediated, at least partially, by the up-regulation of GADD45, whose level paralleled 

the level of NF-B. There is no evidence, so far, that also FHC is mediating the antiapoptotic 

activity of NF-B in thyroid cancer. However, the recent finding that iron uptake mediated by 

NGAL, is important for survival of ATC cells, suggests that intracellular iron and ROS levels  are 

important to control thyroid cancer cell apoptosis (Iannetti et al., 2008).  

 

NF-B links inflammation and cancer. 

Inflammation is central to control our fight against pathogens, and to regulate wound 

healing. These are very intricate biological responses that involve complex interactions among 

different cell types that regulate the expression of biological mediators promoting cell chemotaxis, 

cell migration, and cell proliferation. If inflammation is not ordered and timely, the resulting 

chronic inflammation can contribute to a variety of diseases including cancer. Several lines of 
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evidence, based on epidemiological and molecular studies, indicate that inflammation and cancer 

are closely linked: inflammatory diseases increase the risk of developing many types of cancer, 

including thyroid cancer; non-steroidal anti-inflammatory drugs reduce the risk of developing 

certain types of tumors, such as colon cancer; signaling pathways involved in inflammation act 

downstream to oncogenes (RAS, MYC, RET); a variety of inflammatory cells, chemokines, and 

cytokines are present in the microenvironment of tumors; targeting chemokines and cytokines, such 

as TNF or IL-1, as well as key transcription factors, such as NF-B or STAT3, decreases the 

spread of cancer; transfer of inflammatory cells or over-expression of chemokines and cytokines 

promotes tumor development (Mantovani et al., 2008).  

The interplay between epithelial and inflammatory cells is thought to be crucial for the 

genesis and the establishment of carcinomas. One of the main actors in the inflammatory process is 

NF-B which, by regulating the expression and the function of different cytokines and chemokines 

in inflammatory cells, stimulates the growth and its own activity in epithelial cells. Thus, NF-B 

establishes a network that, after prolonged time, can lead epithelial cells to undergo malignant 

transformation. Known examples are the Helicobacter pylori-induced gastric cancer (Keates et al., 

1997), the colitis-associated cancer (Greten et al., 2004), and the cholangitis-derived 

hepatocarcinoma (Pikarsky et al., 2004). The data obtained suggest that the NF-B pathway has 

multiple actions in tumor promotion, by preventing apoptosis of cells with malignant potential, and 

by stimulating the production of pro-inflammatory cytokines in the inflammatory cells infiltrating 

the tumor mass (Fig. 4). This model is consistent with the observed correlation between the number 

of inflammatory cells, level of cytokines, and tumor aggressiveness and prognosis in both human 

and mouse. However, the transformed cells themselves can contribute to the overall level of 

secreted pro-inflammatory cytokines, and to maintain the NF-B pathway activated. In fact, it is 

possible to keep malignant cells in culture without the support of the innate immunity, and still 

detect constitutive activation of NF-B.  
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A possible link between inflammation and cancer has been postulated in thyroid, too (Arif et 

al., 2002; Memon et al., 2004; Larson et al., 2007). In their work, Arif et al. showed an overlap in 

the morphological features, immunohistochemical staining pattern and, most importantly, molecular 

profile between papillary thyroid carcinoma and Hashimoto’s thyroiditis (HT). Indeed, Memon and 

co-workers reported that women who had experienced episodes of postpartum thyroiditis, even with 

no previous thyroid disease, or X-ray exposure to the neck, were at a significantly increased risk of 

developing thyroid cancer. In a study conducted by Larson et al., patients with HT were three times 

more likely to have thyroid cancer, suggesting a strong link between chronic inflammation and 

cancer development. Interestingly, two studies have shown RET activation in a significant number 

of HT cases (Sheils et al., 2000; Sheils et al., 2002), whereas another study detected no RET 

rearrangements in HT (Nikiforova et al., 2002). Another group describes RET rearrangements in 

non-malignant thyroid tissue associated to lymphocytic thyroiditis (LT), whereas it was absent in 

the pure LT areas (Mechler et al., 2001). A very recent study shows that sixty-eight percent (15 of 

22) of HT were positive by FISH analysis (Rhoden et al., 2006). The hypothetical association 

among RET, HT and thyroid cancer let to the suggestion of a possible pro-inflammatory role of 

RET in thyroid cells, that could predispose them to neoplastic transformation. This hypothesis is 

substantiated by the evidence that exogenous over-expression of oncogenic RET in primary human 

thyrocytes and rat thyroid cell lines, induces the expression of a distinct set of genes involved in 

inflammation and tumor invasion (Russell et al., 2003; Castellone et al. 2004; Borrello et al., 2005; 

Melillo et al. 2005). In addition, oncogenic RET enhances infiltration of lymphocytes and myeloid-

derived cells in a transplantable tumor system and strongly stimulates tumor growth in 

immunocompetent mice (Pufnock and Rothstein, 2009).  

During thyroiditis, in particular HT, thyroid gland parenchyma is progressively lost and 

replaced by cells of the inflammatory infiltrate that produce chemokines, cytokines, and growth 

factors, the majority of which are under NF-B transcriptional control. The persistent stimulation of 

residual thyrocytes with such molecules could induce the activation of NF-B in follicular cells,  
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thereby creating a functional network between epithelial thyroid cells and inflammatory cells. The 

microenvironment established by this interplay could strongly promote the onset of thyroid cancer, 

and could account for the progression of tumor growth. The microenvironment of primary tumor 

and lymph-node metastasis of patients diagnosed for PTC expresses the same inflammatory gene 

pattern produced by thyrocytes transfected with oncogenic RET (Castellone et al. 2004; Borrello et 

al., 2005; Melillo et al. 2005). Since oncogenic RET activates NF-B, and the majority of pro-

inflammatory molecules are under NF-B transcriptional control, it is reasonable that NF-B could 

be involved in the regulation of pro-inflammatory program of thyroid cells, and this event 

contributes to the onset of thyroid cancer. Interestingly, De Falco and co-workers found that ATC 

samples from human specimens, as well as ATC-derived cell lines, strongly express CXCR4, the 

chemokine receptor of stromal cell-derived factor (SDF)-1 (De Falco et al., 2007). Treatment of 

ATC cells with SDF-1 increases of the proliferative rate of cancer cells. This effect was blocked by 

a specific CXCR4 antagonist, and by CXCR4 RNA interference. Moreover, the CXCR4 antagonist 

effectively reduced tumor growth in nude mice inoculated with different ATC cells (De Falco et al., 

2007). These results indicate that ATC cells promote their growth through the up-regulation of 

CXCR4/SDF-1 circuit in the tumor microenvironment. Also in this case, NF-B could play a 

determinant role because it is able to regulate CXCR4 transcription (Helbig et al., 2003) and, 

therefore, it could drive this paracrine mechanism, determining the increase of cell proliferation 

and, as a consequence, of tumor growth. Accordingly to this paracrine model, we recently 

demonstrate that the strong constitutive NF-B activity in ATC cells leads to the up-regulation of 

NGAL, a protein involved in inflammatory response, which is abundantly secreted in the 

extracellular milieu (Iannetti et al., 2008). The uptake of NGAL from culture medium allows the 

ATC cells to survive to serum withdrawal-induced apoptosis through an iron-dependent 

mechanism, thus enhancing tumor growth (Iannetti et al., 2008). In addition, these data also support 

the idea that the transformed cells themselves contribute to the overall level of secreted cytokines, 

chemokines and survival factors, and to maintain the NF-B pathway constitutively activated.  
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NF-B as therapeutic target in thyroid cancer. 

 While differentiated PTC and FTC have generally a good prognosis after surgery and radio-

iodine therapy, poorly differentiated MTC and undifferentiated ATC do not respond to neither 

radio-iodine treatment, nor conventional chemo-and radio-therapy. These tumors are obvious 

candidates for alternative therapeutic approaches, such as molecularly targeted therapy. The finding 

that NF-B is one of the most important tumor-promoting machinery, prompted the search for 

drugs able to suppress NF-B activity in order to improve chemo- and radio-therapy. It is possible 

to interfere with NF-B activation at different levels, targeting components of its signalling 

cascade, such as the IKK complex, the IB inhibitory protein, the proteosome, the RelA subunit 

of the transcriptionally active heterodimers. An increasing number of compounds, able to block NF-

B have been tested, and have shown to suppress the growth of those cancer cells whose 

tumorigenicity depends on NF-B activity (Karin et al 2002; Baud and Karin 2009). Some of these 

compounds have also been tested in ATC cells. The cell permeable peptide SN50, which blocks 

RelA nuclear translocation, has been found to promote cell death in vitro in combination with 

ionizing radiation (Starenki et al. 2004a).  The dehydroxymethylepoxy quinomicin (DHMEQ) also 

blocks NF-B nuclear translocation, and has been demonstrated to induce apoptosis in vitro and in 

nude mice xenografted with FRO cells (Starenki et al. 2004b). Interestingly, in addition to block 

NF-B activation, DHMEQ treatment also induces sustained activation of the JNK pathway. This 

activation is, at least partially, responsible for the observed apoptosis, since administration of a 

specific JNK inhibitor suppressed the DHMEQ-induced apoptosis. These data further suggest that 

one of the ways used by NF-B to protect cells from apoptosis is to terminate JNK activity. The 

proteosome inhibitor Bortezomib (Mitsiades et al. 2006), which is the only pharmacological 

inhibitor of NF-B approved for treatment of some haematological malignancies, induces apoptosis 

in a panel of thyroid carcinoma cell lines originating from papillary, follicular, and anaplastic 
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carcinomas. Interestingly, Bortezomid induces apoptosis with an IC50 value within the range of 

clinically achievable concentration, suggesting the clinical use of Bortezomid alone, or in 

combination with conventional therapy (Mitsiades et al. 2006). However, one of the most 

problematic aspects of a cancer therapy based on inhibition of NF-B activity is represented by the 

difficulty to find compounds which block the oncogenic activity of NF-B, without interfering with 

its physiological roles in immunity, inflammation, and cellular homeostasis. Unfortunately, most of 

the drugs analyzed so far, also affect other cellular signaling pathways, thereby determining a 

number of highly toxic side effects. Much of the efforts are now concentrated on the identification 

of novel NF-B targets specifically activated in tumors, but not in normal cells. Thus, the inhibition 

of these targets should block the oncogenic potential of NF-B in cancer cells without affecting its 

role in normal tissues. 

 

Conclusions  

In the last few years an enormous amount of basic and clinical observations strongly 

implicate NF-B in a variety of human tumors, including thyroid cancer. The strongly deregulated 

NF-B activity in human ATC represents a novel finding in the understanding of the molecular 

biology of thyroid cancer, that joins to those of RET, BRAF, PPAR, PTEN, whose role has been 

well established in differentiated thyroid carcinomas. The future challenge is the comprehension of  

the molecular mechanisms mediating the oncogenic activity of NF-B, in order to design 

compounds interfering with the anti-apoptotic, or the pro-survival signalling, without affecting its 

physiological role  in immunity, inflammation and cellular homeostasis. 
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FIGURE LEGENDS 

 

Figure 1. NF-B contributes to cancer development through regulation of different genes involved 

     in oncogenesis 

According to Hanahan and Weinberg,
 
six essential alterations in cell physiology characterize a 

tumor cell: self-sufficiency in growth, insensitivity to growth-inhibitory signals, evasion of 

apoptosis, limitless replicative potential, sustained angiogenesis and tissue invasion and metastasis. 

Many of the genes able to mediate such effects are under transcriptional control of NF-B. 

 

Figure 2. NF-B constitutive activity in primary human anaplastic thyroid carcinomas 

NF-B staining of primary human anaplastic thyroid carcinomas (B-D) and normal thyroid tissue 

(A). Note the strong nuclear staining in transformed cells compared to the normal counterpart. 

 

Figure 3. NF-B controls transcription of different genes interfering with different steps in the 

    apoptotic process. 

NF-B drives transcription of genes controlling Caspase activation (c-IAP, c-FLIP), release of 

cytochrome C from the mitochondria (A1, Bcl-xL), NF-B activation (TRAFs, A20), JNK 

activation (XIAP, GADD45 and Ferritin Heavy chain). 

 

Figure 4. Mechanisms by which NF-B contributes to cancer development during inflammation. 

The interplay between epithelial and inflammatory cells is thought to be crucial for the genesis and 

the establishment of carcinomas. One of the main actors in inflammatory process is NF-B which, 

by regulating the expression and the function of different cytokines and chemokines in 

inflammatory cells, stimulates the growth and its own activity in epithelial cells. Thus, NF-B 

establishes a network that can sustain cell proliferation and resistance to apoptosis. 
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