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Abstract
Lung cancer is the leading cause of cancer-related mortality throughout the world. Non-small cell lung cancer (NSCLC) accounts for 85% of all diagnosed lung cancers. Despite considerable progress in the diagnosis and treatment of the disease, the overall 5-year survival rate of NSCLC patients remains lower than 15%. The most common causes of death in lung cancer patients are treatment failure and metastasis. Therefore, developing novel strategies that target both tumour growth and metastasis is an important and urgent mission for the next generation of anticancer therapy research. Heat shock proteins (HSPs), which are involved in the fundamental defence mechanism for maintaining cellular viability, are markedly activated during environmental or pathogenic stress. HSPs facilitate rapid cell division, metastasis, and the evasion of apoptosis in cancer development. These proteins are essential players in the development of cancer and are prime therapeutic targets. In this review, we focus on the current understanding of the molecular mechanisms responsible for HLJ1’s role in lung cancer carcinogenesis and progression. HLJ1, a member of the human HSP 40 family, has been characterised as a tumour suppressor. Research studies have also reported that HLJ1 shows promising dual anticancer effects, inhibiting both tumour growth and metastasis in NSCLC. The accumulated evidence suggests that HLJ1 is a potential biomarker and treatment target for NSCLC.
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Core tip: HLJ1, a member of the human heat shock proteins 40 family, has been characterised as a tumour suppressor. Research studies have reported that HLJ1 shows promising dual anticancer effects, inhibiting both tumour growth and metastasis in non-small cell lung cancer (NSCLC). The accumulated evidence suggests that HLJ1 is a potential biomarker and treatment target for NSCLC. We propose a hypothetical model for the roles of HLJ1 stimulator in suppressing lung cancer tumourigenesis. Investigating the integrated and coordinated molecular mechanisms of HLJ1 may shed new light on the treatment of lung cancer. The development of drug targeting HLJ1 may be an effective approach for lung cancer therapy.
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INTRODUCTION
Lung cancer is the most common cause of cancer death in the world, accounting for 17% of all cancer deaths[1,2]. Non-small cell lung cancer (NSCLC) is the predominant type of lung cancer[3]. The three major types of NSCLC are squamous cell carcinoma, large cell carcinoma, and adenocarcinoma, but several other types occur less frequently[4]. Traditional therapeutic strategies (chemotherapy and radiotherapy) are often associated with unsatisfactory outcomes in lung cancer patients, and the problem is exacerbated by early detection difficulties[5]. A minority of patients (approximately 30%) with NSCLC present with an early stage of the disease and receive curative surgery. However, even in those patients, up to 40% will subsequently relapse within 5 years[6,7]. Targeted molecular therapy has become an important part of therapeutic strategies for treating lung cancer. However, the major challenges confronting targeted cancer therapies are variable responsiveness and the development of drug resistance[8]. There have been significant advances in cancer treatments owing to our knowledge of the mechanisms underlying cell signalling pathways; however, the prognosis for patients with locally advanced or metastatic disease is still ominous. 

If lung cancer is diagnosed and treated before it metastasizes, the 5-year survival rate is approximately 50%-70%. Once metastasis has occurred, the 5-year survival rate drops to < 5%[9]. Therefore, metastasis is the most critical parameter determining survival in lung cancer patients[10]. Improving survival in lung cancer is a major challenge for modern oncology, particularly considering the 5-year survival rate remains under 15% across all stages of disease[11]. Metastasis, the spread of tumour cells from their primary sites to secondary sites within the body, is a multiple-step process that requires the accumulation of altered expression of many different genes. This complex process involves cell adhesion, degradation of the surrounding extracellular matrix, migration, proliferation at a secondary site, and stimulation of angiogenesis[12,13]. Many studies on cancer metastasis have been conducted, and several molecules that participate in tumour cell invasion and metastasis, such as SLUG, NM23, CD44, MTA1, MMPs, TIMPs, KAI1, E-cadherin, KISS1 and CRMP1, have been identified in various cancer types[14-18]. There is still no effective strategy for preventing or combating these metastatic processes. Therefore, it is important to develop novel strategies that target both tumour growth and metastasis in NSCLC.

In this review, we focus on the current understanding of the molecular mechanisms responsible for the effects of HLJ1 in lung cancer. The role of HLJ1, a member of the human heat shock protein 40 (HSP40) family, in lung cancer development and progression has been extensively investigated[19-21]. HLJ1 has been characterised as a tumour suppressor, and research studies have identified the protein’s promising dual anticancer effects in NSCLC, inhibiting both tumour growth and metastasis[19,22,23]. The accumulated evidence suggests that HLJ1 is a potential biomarker for NSCLC and a potential target of drug development.
HEAT SHOCK PROTEINS 

The heat shock response was first described in 1962[24], and a number of investigations have revealed that the process is an essential defence mechanism for cellular viability. HSPs are named for their increased synthesis after heat shock. In addition to elevated temperature, HSPs are markedly induced by nutrient deprivation, oxidative stress, heavy metals, radiation, pathogen infection and other stress factors[25]. Under normal conditions, HSPs perform essential biological functions such as modulating protein activity by changing protein conformation, serving as molecular chaperones in protein transport between cell organelles, promoting multiprotein complex assembly/disassembly, and ensuring proper folding of nascent and altered proteins[25,26]. Many other more specific functions have been identified for particular HSP types and include roles in immunological processes, cell cycle regulation, transcriptional activation and signal transduction[27-29].

Mammalian HSPs have been classified into the following six families according to molecular size: HSP100, HSP90, HSP70, HSP60, HSP40 and small HSPs[30]. HSPs play fundamental roles in the processes of signal transduction, cell proliferation and survival, cell cycle progression and apoptosis, and in other features of malignant cells, including invasion, tumour angiogenesis and metastasis[28,29]. In recent years, research studies have identified several different HSPs, in a variety of tumour types, that may be putative clinical biomarkers or molecular targets for cancer therapy. The dependence of cancer cells on HSP90 has been successfully exploited in therapeutics[30,31]. While HSP40 therapies are in the nascent stages, HSP27 and HSP70 therapies have been successfully used with HSP90 inhibitors as part of dual inhibition treatments and with antineoplastic drugs in combinational therapy[32].

HUMAN HSP40 AND CANCER

The HSP40 family, also known as DNAJ proteins, constitutes the largest and most diverse sub-group of HSPs[33]. All DNAJ proteins contain the 70 amino acid J domain, which is essential for interaction with HSP70. The DNAJ proteins that have been identified in humans are divided into three subclasses. Based on the presence or absence of conserved domains, DNAJ proteins are classified as type Ⅰ (DNAJA, 4 members), type Ⅱ (DNAJB, 13 members) or type Ⅲ (DNAJC, 32 members)[34]. DNAJ pr​oteins are widely recognised as regulators of HSP70 fu​nction, but they also have roles as co-chaperones in the HSP90 multi-chaperone complex[35]. The function and role of DNAJ proteins is still poorly understood. Current research is focused on understanding the role of HSP40 isoforms in regulating HSP70 and their subsequent involvement in disease progression. 

The DNAJ proteins are differentially expressed in human tissues and can act as both tumour suppressors and onco-proteins[19,36,37]. There are approximately 49 genes that encode DNAJ proteins, and several of these genes encode for multiple splice variants that may have different biological functions and cellular locations[34]. Tid1 (DNAJA3) has 2 isoforms, Tid1-L and Tid1-S, which may function differently. Tid1-L acts as a tumour suppressor by negatively regulating cell proliferation, cell invasion, and tumorigenicity in breast cancer, lung cancer, and head and neck squamous cell carcinoma[36,38,39]. Tid1-L overexpression in lung cancer cell attenuates epidermal growth factor receptor (EGFR) signalling and inhibits cell proliferation, colony formation, and in vivo tumour growth. Low Tid1-L/high EGFR expression predicts poor overall survival in patients with lung adenocarcinoma. Tid1-L has been shown to act as a tumour suppressor (though Tid1-S has not) by inhibiting EGFR signalling through interaction with EGFR/HSP70/HSP90 and by enhancing EGFR ubiquitinylation and degradation[36]. Research studies have also suggested that Tid1-L is a novel regulator of p53-mediated apoptosis and that the use of the enhanced Tid1-L function to promote mitochondrial localisation of p53 could be an effective therapy in many cancers[40]. In contrast, overexpression of Tid1-S in renal clear cell carcinomas enhances MetR kinase activity, leading to an increase in hepatocyte growth factor-mediated cell migration. The binding of Tid1-S to MetR may stabilise the receptor in a ligand-competent state, and this stabilising function may influence conformational changes that take place during the catalytic cycle to promote kinase activation. Targeted inhibition of Tid1-S may be a useful therapeutic tool in the management of MetR-dependent malignancies[37]. 

MRJ (DNAJB6) was found to reduce tumorigenicity and metastasis of melanoma and breast cancer cells[41]. MRJ induces -catenin degradation and may play a role in maintaining an epithelial phenotype[42]. Furthermore, researchers have shown that loss of MCJ (DNAJC15) expression confers resistance to specific chemotherapeutics in ovarian cancer cells[43,44]. In clinical ovarian cancer patients, low MCJ expression was correlated with poor prognosis and resistance to chemotherapy. ABCB1 (drug transporter) gene expression is mediated by increased levels of the c-Jun transcription factor in the absence of MCJ[43,45]. In contrast to the data on HSP70 and HSP90, there is limited information available on the expression and function of most DNAJ proteins in cancer. However, it is evident from the specific DNAJ proteins that have been identified that these proteins may play an important role in affecting cancer properties.

HLJ1 EXPRESSION IN LUNG CANCER

HLJ1, consisting 337 amino acids, was first identified from the human liver cDNA library and was classified as a member of the HSP40 family[46]. HLJ1, also known as DNAJB4, belongs to the type Ⅱ homologues of the Hsp40 family and comprises the following four conserved functional domains: a highly conserved J domain, a glycine/phenylalanine-rich region, a cysteine-rich region, and a COOH terminal domain[47]. Homology analysis showed that the amino acid sequence of HLJ1 has 84% similarity with HDJ1 (DNAJB1) isolated from human placenta[48]. HLJ1 mRNA is highly expressed in skeletal muscle and in the heart, pancreas, brain, lung, and other organs but is weakly expressed in the liver and kidney. Although the HLJ1 gene was cloned from the liver cDNA library, the expression of HLJ1 in liver tissue is relatively low[46].

Gene expression proﬁles have been used to identify possible associations with lung cancer behaviour or clinical outcome to better predict patient prognosis. We have previously established a panel of lung adenocarcinoma cell lines with increased invasiveness (CL1-0, CL1-1, CL1-5 and CL1-5-F4) that were derived from a parent lung adenocarcinoma cell line by repeatedly selecting for more invasive cells[49]. These selected sublines have shown greater invasive and metastatic potential than the parental cells. By using a complementary DNA microarray, we identified metastasis-associated genes on a genome-wide scale in model lung cancer cell lines[50]. Cluster analysis of the complementary DNA microarray data revealed that 589 (6.1%) genes were positively or negatively associated with cancer cell invasiveness. Moreover, most of these genes were involved in angiogenesis, cell motility, adhesion and proliferation. HLJ1, one of the metastasis-associated genes identified by that study, has been characterised as a novel tumour suppressor, and high HLJ1 expression is associated with reduced cancer recurrence and prolonged survival in NSCLC patients[19].

NSCLC is a heterogeneous disease, and patients with similar clinical-pathologic features may have a broad range of outcomes[51,52]. It is important to identify a prognostic marker that can predict clinical outcomes in NSCLC patients. We have demonstrated that HLJ1 is a novel tumour suppressor in NSCLC. Primary cancer specimens from 71 patients with histologically confirmed NSCLC were analysed using reverse transcription-polymerase chain reaction, and the HLJ1 expression in tumour tissue was lower than in adjacent normal tissue in 55/71 (77%) of the patients. Moreover, in 49% of the samples, the tumour tissue showed at least a 2-fold decrease in HLJ1 compared to adjacent normal tissue. NSCLC patients with high HLJ1 expression had significantly longer overall survival and disease-free survival times compared to those with low HLJ1 expression. Clinically, HLJ1 is a significant, independent prognostic predictor of recurrence and overall survival in NSCLC patients[19]. Tumour suppressor genes are frequently deactivated by genetic alterations, such as chromosomal deletions and loss-of-function mutations. The HLJ1 gene is located on human chromosome 1P31.1. Loss of heterozygosity (LOH) on the short arm of chromosome 1 has been reported in many types of cancer[53]. High frequencies of LOH and microsatellite instability in the HLJ1 region have been detected in NSCLC patients[19].

Microarray analysis suggests that HLJ1 expression is negatively correlated with cancer invasiveness. HLJ1 is reportedly up-regulated in less-invasive cell lines than in highly invasive cell lines[20,50]. Restoration of HLJ1 expression in NSCLC cells inhibited cell proliferation, anchorage-independent growth, cell motility, invasion and tumourigenesis. HLJ1 slows cell cycle progression by increasing STAT1 and p21WAF1 expression and decreasing cyclin D1 expression. The same study also suggested that HLJ1 can affect the expression of many genes downstream in the STAT1 pathway, including p21WAF1, ISGF3G, IFIT1, IFITM1, OAS3, and GIP2 and that HLJ1 can increase p21WAF1 expression by affecting a p53-independent pathway[19,20].

E-cadherin is a well-known invasion suppressor in several types of carcinoma[54]. In a previous microarray analysis, we found that expression of the Slug gene positively correlated with invasive ability. Overexpression of Slug suppressed E-cadherin expression and increased invasive ability. The study showed that Slug promoted metastasis in lung cancer by down-regulating E-cadherin, up-regulating matrix metalloproteinase 2 (MMP2) and enhancing angiogenesis[17]. We also found that HLJ1 indirectly up-regulated E-cadherin expression by inhibiting the repressive effect of the Slug gene on the E-cadherin proximal promoter[20]. Recently, research studies have also indicated that HLJ1 acts as a molecular chaperone of E-cadherin that is able to sense E-cadherin folding, providing stabilisation of native folded E-cadherin in the plasma membrane or degradation of an unfolded counterpart. Post-translational regulation of E-cadherin by the HLJ1 molecular chaperone is sufficient to influence gastric cell invasion. HLJ1 is a sensor of E-cadherin structure features that might contribute to gastric cancer progression. Additionally, the expression of HLJ1 and E-cadherin is concomitantly decreased in patients with human gastric carcinoma[55].

Nucleophosmin (NPM1) is a nucleolar phosphoprotein that localises in granular regions of the nucleolus and is highly expressed in malignant and actively dividing cells[56]. NPM1 shuttles continuously between the nucleus and cytoplasm and acts as a multifunctional protein that plays an important role in the increased nucleolar activity needed for cell proliferation[56,57]. Studies have proposed that the NPM1 protein has both oncogenic and tumour-suppressing effects, depending on its level of expression and cellular localisation[58]. HLJ1 modulates NPM1 oligomerisation and NPM1-AP-2 multi-protein complex formation, which alter AP-2 transcriptional activity. These changes then suppress the expression of downstream genes such as MMP2 and, as a result, decrease lung cancer cell invasiveness[22].

Evasion of apoptosis is a hallmark of most cancers[59]. Therefore, it is important to identify genes that promote apoptosis in cancer cells, either under normal or stressful conditions, such as radiotherapy and chemotherapy. Several recent studies indicate that HSPs play important cytoprotective roles and are involved in regulating the apoptosis pathway[60]. HLJ1 can promote cancer cell sensitivity to ultraviolet (UV) stress-induced apoptosis by enhancing c-Jun N-terminal kinase (JNK) activation and caspase activity[61]. Moreover, the HLJ1 protein is a novel substrate of caspase-3, which is followed by protein degradation during the apoptotic process. HLJ1 appears to play an important role in apoptosis. However, further studies are necessary to determine the underlying mechanism of HLJ1 in UV-induced apoptosis and the effects of reduced HLJ1 in late apoptosis[61].

TRANSCRIPTIONAL REGULATION OF HLJ1 

Elucidation of the roles and the regulatory mechanism of tumour suppressors may facilitate the development of rational therapeutic targets that inhibit cancer cell proliferation, angiogenesis and metastasis. YY1 is a 65-kDa multifunctional zinc-ﬁnger transcription factor belonging to the human GLI-Kruppel family of nuclear proteins[62]. It can bind to a speciﬁc DNA consensus sequence, 5’-CGCCATNTT-3’, which is present in many promoters. YY1 can either activate or repress the target genes, depending on the cofactors that it recruits[62,63]. YY1 is a complex protein that plays pivotal roles in cell development, differentiation, proliferation, and apoptosis[64,65]. Because the expression and function of YY1 are intimately associated with cell cycle progression, its physiologic significance has recently been applied to models of cancer biology[64]. YY1 overexpression has been demonstrated in several human cancers such as breast cancer, prostate cancer, cervical cancer, brain cancer and colon cancer[65,66]. However, functional and clinical analysis of the YY1 in NSCLC remains unclear. As a transcription factor, YY1 regulates the expression of numerous genes that are mostly involved in tumorigenesis. The HLJ1 promoter contains four YY1-binding sites that positively regulate HLJ1 expression. When compared with the WT construct, the mutants of these four potential YY1-binding sites resulted in different levels of reduction in HLJ1 promoter activity, from 17% to 34%, respectively[20]. However, deletion of all four YY1-binding sites reduced the HLJ1 promoter activity by 93%, indicating that YY1 regulation plays an important role in HLJ1 expression. Overexpression of YY1 in NSCLC cells indicated that up-regulates the HLJ1 expression by directly binding to the promoter region, thus inhibiting cancer cell invasion[20]. In addition, an enhancer segment was identified in the HLJ1 gene at -2125 to -1039 bp upstream of the transcription start site, which includes the activator protein 1 (AP-1) site. The activation and synergistic up-regulation of the tumour suppressor HLJ1 is the result of the binding of the transcription factors AP-1 and YY1 to the gene’s enhancer and promoter regions, respectively[21].

Hepatitis B virus (HBV) is a major cause of human hepatocellular carcinoma (HCC). HBV proteins promote migration-related factors such as MT1-MMP, MMP9, and hypoxia-inducible factor 1- and contribute to the HCC metastatic pro​cess[67-69]. However, HBV could also promote HLJ1 expr​ession in HCC cells by up-regulating the transcription factor YY1. The role of the HLJ1 in HCC cells still unclear[70].

HLJ1 AS A MOLECULAR TARGET IN ANTICANCER THERAPIES

Curcumin (diferuloylmethane), a natural compound derived from the spice turmeric (Curcuma longa), has been used in the treatment of various inflammatory diseases in traditional Indian and Chinese medicine[71]. The anticancer or chemopreventive effects of curcumin are the result of a variety of molecular mechanisms, including its direct or indirect interaction with various transcription factors, regulatory proteins and enzymes that all play a central role in key cancer-related processes such as inflammation, proliferation, survival, migration, angiogenesis, invasion and metastasis[72,73]. Curcumin may have potential as a multi-target drug in anticancer therapy[74-76]. Previous evidence has shown that AP-1 complexes enriched with c-Jun and JunB may result in morphologic alterations and anchorage-independent cell growth, whereas complexes enriched with JunD showed anti-proliferative effects. It has been suggested that curcumin inhibits tumour growth by inhibiting AP-1 activation[77,78]. Curcumin increases JunD expression, stimulates HLJ1 enhancer activity, and triggers HLJ1 expression, which may subsequently reduce filopodia formation and up-regulate E-cadherin expression. Curcumin may inhibit cancer cell migration and invasion not only by inhibiting MMP2, MMP9 and MMP14 but also through HLJ1/E-cadherin induction[23,74]. Curcumin may be a template for new antitumor drug developments that target the tumour suppressor HLJ1[23]. 

Dimethyl sulfoxide (DMSO) is an amphipathic molecule that has a highly polar domain and two apolar methyl groups, making it soluble in both aqueous and organic media[79]. DMSO is commonly used as a very efficient solvent for water-insoluble compounds in biological studies and as a cryoprotectant for cultured cells[80]. In particular, DMSO has been approved by the United States Food and Drug Administration for the treatment of interstitial cystitis[81]. DMSO was also used to treat leukaemia for several years, based on its ability to induce cellular differentiation, which caused leukaemia cells to lose their proliferative properties[82,83]. DMSO has been found to arrest the cell cycle at the G1 phase in lymphoid cell lines[84]. Additionally, DMSO treatment can modulate AP-1 activity, and DMSO is involved in the suppression of intercellular adhesion molecule 1 expression in a rat model of peritonitis sepsis[85]. Our results suggest that DMSO is an important stimulator of the tumour suppressor protein HLJ1, and DMSO works by activating JunB and JunD in highly invasive lung adenocarcinoma[86]. These efforts will help us to develop not only novel anti-cancer drugs that affect lung cancer progression but also new therapeutic strategies for the disease. For instance, a therapeutic strategy combining both induced expression of HLJ1 by DMSO-derived analogues and irradiation would synergistically increase the efficacy of radiotherapy and prolong lung cancer patient survival.

Recently, several types of herbal compounds were proven to be potential anti-cancer drugs. These compounds, including curcumin from a spice turmeric[74], epigallocatechin-3-gallate from green tea[87] and lycopene from tomato[88], could target important mechanisms in tumour growth and metastasis[89]. Screening drugs from traditional Chinese medicine has been suggested as a shortcut in searching for new leading compounds. Using the HLJ1 promoter and luciferase reporter assays, the HLJ1-targeting drug-screening platform was established to screen and identify traditional Chinese herbs that can target the novel tumour suppressor gene HLJ1. Among the herbal drugs identified, the andrographolide is a promising new anticancer agent that could significantly induced HLJ1 expression and suppress tumour growth and invasion in NSCLC[90]. Andrographolide, a diterpenoid lactone isolated from the Chinese herbal medicine Andrographis paniculata, is known for its wide pharmacological activities, such as its anti-inflammatory, anti-angiogenesis, pro-apoptosis and anticancer activities[91]. Moreover, Andrographis paniculata has long been perceived as safe in traditional Chinese medicine as well as in the traditional medicine in Thailand and India. Andrographis paniculata is genotoxically safe and has been applied to clinical investigations on the treatment and prevention of upper respiratory tract infections[92,93]. 

Previously, andrographolide was reported to inhibit colorectal cancer cell invasion and migration by suppressing the activity of c-Fos and c-Jun and thus reducing MMP7 expression[94]. Andrographolide was also reported to suppress invasion and migration in lung cancer cells through attenuation of the PI3K/Akt signalling pathway[95]. The HLJ1-targeting drug-screening platform is useful for screening novel anticancer compounds. Using this platform, we identified andrographolide as a promising new anticancer agent that could suppress tumour growth and invasion in NSCLC. The onco-suppressive effects of andrographolide may be partially mediated by JunB-regulated HLJ1 expression, which modulates the transcription factor AP-2 binding at the MMP2 promoter and represses the expression of MMP2[90]. In addition, silencing HLJ1 partially reverses the inhibition of cancer cell invasion by andrographolide. The results also establish the potential for using andrographolide as a multi-target lead compound in developing anti-cancer therapies.

CONCLUSION
In the past decade, improved understanding of the molecular mechanism of HLJ1 in NSCLC progression has been greatly appreciated. Accumulated data support HLJ1 as a novel tumour suppressor and a potential druggable target for NSCLC. Restoration of HLJ1 expression in NSCLC cells inhibits cell proliferation, anchorage-independent growth, cell motility, invasion, and tumourigenesis. HLJ1 can inhibit cell cycle progression by increasing the STAT1 and p21WAF1 pathways and by decreasing cyclin D1 expression. The activation of the STAT1 pathway by HLJ1 was independent of p53. We also found that HLJ1 indirectly up-regulates E-cadherin expression through inhibiting the repression effect of the Slug gene on the E-cadherin proximal promoter. Increased HLJ1 expression is associated with prolonged disease-free and overall survival of patients with NSCLC. The endogenous transcriptional expression of HLJ1 is up-regulated through the binding of the enhancer AP-1 to its promoter YY1 with the co-activator p300 and the formation of bending DNA structure. Importantly, HLJ1 was reported to promote UV-induced apoptosis through JNK and caspase-3 activation in NSCLC. HLJ1 is a novel substrate of caspase-3 and is degraded at a late stage of apoptosis[51]. In this review, we summarize the molecular mechanisms of the HLJ1 involved in lung cancer progression and propose a hypothetical model for the roles of HLJ1 stimulator in suppressing lung cancer tumourigenesis (Figure 1). Due to its tumour suppressor properties, HLJ1 is a potential target for anticancer therapy. Targeted induction of HLJ1 is a promising approach for cancer therapy, which also means that curcumin, DMSO, and andrographolide may serve as potential lead compounds or coordinated ligands for the development of novel anti-cancer drugs. Investigating the integrated and coordinated molecular mechanisms of HLJ1 may shed new light on the treatment of lung cancer. The development of drug targeting HLJ1 may be an effective approach for lung cancer therapy. 
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Figure 1  Schematic summary of the molecular mechanisms of HLJ1 in suppressing lung cancer tumourigenesis. The endogenous transcriptional expression of HLJ1 is the result of the binding of the transcription factors AP1 and YY1 to the gene’s enhancer and promoter regions, respectively. HLJ1 inhibited lung cancer cell proliferation, anchorage-independent growth, cell motility, invasion and tumourigenesis through STAT1/p21WAF1 pathway, HLJ1/NPM1/AP2- complex, SLUG/E-cadherin pathway and modulated cancer-related genes. DMSO: Dimethyl sulfoxide; AP1: Activating protein 1; GAS: Interferon-gamma activated sequence; CDKN1A: Cyclin-dependent kinase inhibitor 1A; YY1: Yin yang 1; STAT1: Signal transducer and activator of transcription 1; ISGF3G: Interferon-stimulated gene factor 3 gamma; NPM1: Nucleophosmin 1; TFAP2A: Transcription factor AP2 alpha; AP2: Activator protein 2; MMP2: Matrix metalloproteinase-2; SLUG: Snail homologue 2; CDH1: Cadherin 1; CCNG2: Cyclin G2; SERPINB1: Serine proteinase inhibitor B1; SESN2: Sestrin 2; TXNIP: Thioredoxin interacting protein; HMGA2: High-mobility group AT-hook 2; BCAT1: Branched-chain aminotransferase 1; CALD1: Caldesmon 1; E-box: E-box transcription factor binding site.
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