
 

 https://biointerfaceresearch.com/  7001 

Review 

Volume 12, Issue 5, 2022, 7001 - 7011 

https://doi.org/10.33263/BRIAC125.70017011 

 

Jab1 (COPS5) as an Emerging Prognostic, Diagnostic and 

Therapeutic Biomarker for Human Cancer 

Pratibha Pandey 1,* , Fahad Khan 1,* , Rashmi Mishra 1, Reetu Singh 2, Tarun Kumar                   

Upadhyay 2 , Sujeet Kumar Singh 1  

1 Department of Biotechnology, Noida Institute of Engineering and Technology, Greater Noida 
2 Department of Pharmacy, Lloyd School of pharmacy, Greater Noida 
3 Department of Biotechnology, Parul Institute of Applied Sciences and Centre of Research for Development, Parul 

University, Vadodara, 391760, India 

* Correspondence: fahadintegralian@gmail.com (F.K.); shuklapratibha1985@gmail.com (P.P.); 

Scopus Author ID 54985258500 (P.P.); 57201049984 (F.K.)  

Received: 16.09.2021; Revised: 20.10.2021; Accepted: 24.10.2021; Published: 21.11.2021 

Abstract: Jab1 (C-Jun activation domain-binding protein-1) has been reported to be critically involved 

in regulating apoptosis, cell proliferation, cell cycle, thereby affecting numerous pathways, DDR (DNA 

damage response) regulation, and genomic instability. Jab1 (CSN5) dysregulation has been positively 

associated with oncogenesis via activating oncogenes and deactivating various tumor suppressors. Jab1 

overexpression has been reported in several tumor forms, illuminating its potent efficacy in cancer 

progression and metastasis. Jab1 has instigated prompt research interest in elucidating inhibitors of 

numerous oncoproteins and oncogenes for chemotherapeutics. Our review has presented strong 

evidence for presenting the significance of Jab1 overexpression in numerous carcinomas and its 

involvement in modulating various signaling pathways for cancer cell survival. This review may project 

a new way for utilizing Jab1 as a strong target for developing potent inhibitory compounds targeting 

Jab1 that could be further utilized in chemoprevention with limited side effects. Altogether this review 

further confirmed the crucial involvement of Jab1 in carcinogenesis and tumorigenesis, displaying the 

strong potential of Jab1 as one of the potent cancer biomarkers.  
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Abbreviations 
Jab1  C-Jun activation domain-binding protein-1 

COP9 signalosome  Constitutive photomorphogenic-9 

DDR  DNA damage response 

CDK  Cyclin-dependent kinase 

PD-L1  Programmed death-ligand 1 

CRLs Cullin-RING family of ubiquitin ligases 

IPA Ingenuity pathway analysis 

APC  Adenomatous polyposis coli 

AP-1 Activator protein 1 

NPC Nasopharyngeal carcinoma 

HER-2 Human epidermal growth factor receptor-2 

EGFR  Epidermal growth factor receptor 

USP15 CSN associated ubiquitin specific peptidase 15  

1. Introduction 

Jab1 was formerly recognized as a c-Jun coactivator (c-Jun activation domain-binding 

protein-1) and consequently discovered as the 5th component of COP9 signalosome 

(constitutive photomorphogenic-9) [1]. Jab1 (multifunctional protein) has been associated with 
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controlling a wide range of developmental and cellular processes, such as cell cycle, signal 

transduction, apoptosis, cells proliferation, DDR (DNA damage response), and tumorigenesis 

[2]. Jab1 gene, located at chromosome 8 (Q13.2), encodes Jab1 protein having 38 kDa 

molecular mass [3]. Jab1 contains two domains, including JBD and MPN domain having 

JAMM (Zn2+ metalloprotease) motif that represents the catalytic center of the CSN complex 

for isopeptidase activity, NES (nuclear export signal) domain, and PBD (p27 binding domain) 

[4]. Escalating evidence strongly indicates that JAB1 dysregulation is functionally associated 

with numerous cancer-related genes, including CDK (cyclin-dependent kinase) inhibitor, p27, 

p53 (transformation-related phosphoprotein), SMAD4/7, transcriptional coregulatory protein 

NcoR (nuclear receptor co-repressor, p57 (Cyclin-dependent kinase inhibitor), transmembrane 

protein PD-L1 (Programmed death-ligand 1) and so on, responsible for tumorigenesis [5]. Jab1 

(oncogene) has been reported to be aberrantly overexpressed in several human carcinomas [6]. 

However, the mechanism behind the crucial involvement of Jab1 in cancer progression remains 

uncovered. Therefore, we have targeted this review to gain deeper insight into the oncogenic 

role of Jab1 in carcinogenesis (tumorogenesis) and its therapeutic associations with 

chemoprevention. Phytocompounds exhibited numerous benefits such as minimal cost, limited 

toxicity, and easy availability that further supported their chemopreventive potential against 

several carcinoma types [7]. Several classes of plant-derived compounds (such as flavonoids) 

have gained wider recognition via inducing significant apoptosis against several cancer cell 

lines, including prostate cancer (LNCaP), breast cancer (MDA-MB-231) colon cancer (HT-29) 

[8,9]. 

2. Role of Jab1 (COPS5) Binding Protein 

Jab1 (key subunit of CSN complex) play important role in integrating various functions 

of CSN complex [10]. CSN was originally discovered as a retardant of plant 

photomorphogenesis, containing eight subunits (CSN1 to CSN8) [11]. Amongst them, six 

subunits comprise of PCI domain that helps in CSN structure assembly, while the other two 

subunits consist of MPN domain [12]. Jab1 comprises of NES domain and PBD domain at C-

terminal end. Jab1 transports (dislocate) p27 protein from cell nucleus in XPO1 (Exportin 1) 

dependent manner via NES sequence (located between amino acids 233 and 242) found at the 

C-terminal end of Jab1. MPN domain of Jab1 is required for regulation of cullin deneddylation 

process via activating CRLs (Cullin-RING family of ubiquitin ligases) [13]. Some studies have 

also displayed evidence supporting the isopeptidase activity of Jab1 for the progression and 

transformation of mammary epithelial in mice and humans [14]. Jab1 can incorporate 

numerous roles of CSN complex and harbors catalytic center of Jab1 isopeptidase activity of 

CSN. Jab1 also exists independent of the CSN complex and has been energetically involved in 

significant biological activities in its independent and dependent forms. Jab1 in its free form 

has been explored more, mainly located in both the nucleus and cytoplasm [15]. CSN 

modulation of CRL family of ubiquitin E3 complexes has been mainly dependent on its 

deneddylation role, which is executed via removal of NEDD8/Rub1 (ubiquitin-like molecules) 

from cullin subunit of E3 ligases. JAMM motif of Jab1 is found to be crucial to CSN 

deneddylation activity and is highly needed for coactivation of Jab1. CSN (multisubunit 

complex) controls protein stability via modulating the CRL family of ubiquitin E3 complexes, 

thereby acting as a key regulator of various cellular processes, including gene transcription, 

DDR, and cell cycle [16]. Jab1 in its free form has no metalloproteinase activity; thus, other 
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components of CSN complex are needed for deneddylation process. Although Jab1 is located 

in both nuclear and cytoplasm, whether Jab1 acts either independently or in its bounded form 

with CSN complex in carcinogenesis needs further elucidation. 

3. Jab1 Associated Signaling Pathways in Cancer Progression 

Jab1 lies at the intersection of numerous signaling pathways, which have been reported 

to play vital roles in carcinogenesis [17]. Elucidating aberrant involvement of Jab1 (CSN5) in 

these signaling pathways might help us understand tumorigenesis. IPA (ingenuity pathway 

analysis) also presented a strong base for understanding the Jab1related network and targets in 

several carcinomas [18]. Three key regulatory mechanisms might contribute to deregulated 

Jab1 expression in cancer. First, Jab1 overexpression may emerge from gene amplification. 

Jab1 locus has been reported to be frequently amplified in several human carcinomas (Figure 

1).  

 
Figure 1. Amplified Jab1 overexpression in several human carcinomas. 

We have presented statistics explaining DNA alteration frequency of Jab1 in several 

cancer types on cBioportal database (Figure 2).  

Downloaded data (from cBioportal) reveals genetic alterations of Jab1 in numerous 

carcinomas. Second, miRNAs also modulate Jab1 expression. Thirdly, other signaling 

pathways also contribute greatly to Jab1 overexpression, including  IL6-Stat3, Bcr-Abl, and 

AKT signaling, and so on, that has been described below  (Figure 3).  
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Figure 2. Statistical inference depicting DNA alteration frequency of Jab1 in various cancer types on c 

Bioportal database. 

 
Figure 3. Schematic diagram of Jab1 cross-talk with important signaling pathways involved in cancer 

progression and development. HER2/Ras, EGFR/ERK, IL-6/JNK-STAT3, and PI3 K/AKT regulate Jab1 

expression in numerous carcinomas. 

3.1. Jab1 in MiR-24 and IL6-Stat3 signaling. 

miR-24 has been recognized as a radiosensitizer and tumor suppressor in xenografts 

and NPC cells via targeting both untranslated regions (3′UTR and 5′UTR) of Jab1, leading to 

tumor growth inhibition and sensitization of NPC (nasopharyngeal carcinoma) cells to 

radiation [19]. Jab1 regulates the binding activity of unphosphorylated Stat3 via protein-protein 

interaction. Jab1 knockdown potentially induced reduction of unphosphorylated Stat3 target 

genes and DNA-binding activity in human colon cancer cells [20]. Further research studies 

have revealed that Stat3 performs its role by binding with the Jab1 promoter, thereby promoting 

its transcription activities. Stat3 knockdown significantly impairs Jab1 promoter activity and 

reduces Jab1 protein and mRNA expression levels [21]. 
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3.2. EGFR, HER-2 and TGF-β signaling. 

Jab1 overexpression has been correlated with HER-2 (human epidermal growth factor 

receptor-2) levels in breast cancer [22]. HER-2 elevates Jab1 promoter activity and enhances 

Jab1 expression via the AKT/β-catenin pathway [23]. Herceptin has shown significant 

inhibitory efficacy against HER-2 Inhibition in numerous breast cancer cell lines [24]. 

Additionally, Jab1 has also been recognized as a potent target in EGFR (epidermal growth 

factor receptor) pathway. In breast cancer, Jab1 expression level has been crucially associated 

with EGFR level. EGFR activation promotes Jab1 translocation from cytoplasm to nucleus and 

modulates p27 expression level [25]. Jab1 also affects TGF-β signaling pathway via 

specifically regulating subcellular localization and degradation of two main downstream 

targets (Smad7 and Smad4). After binding with Smad4, R-Smads (receptor-regulated Smad 

protein) translocates into the nucleus and activates several target gene transcription. Smad7 

inhibits TGF-β mediated responses, thereby acting in a negative feedback loop for regulating 

the duration and intensity of TGF-β signal [26]. Jab1 potentiates Smad4 degradation through 

proteasome pathway and TGF-β mediated attenuation of gene transcription, thereby enhancing 

TGF-β signaling effects [27]. 

 

3.3. Wnt and NF-κB signaling. 

Jab1controls the Wnt/β-catenin signaling via favoring β-catenin-degrading complex 

formation through deneddylation and consequent stabilization of APC (Adenomatous 

polyposis coli) by CSN associated ubiquitin-specific peptidase 15 (USP15). Deregulation of 

balance between APC and β-catenin can lead to cancer progression via driving tumor 

angiogenesis, cell transformation, and metastasis [28]. Additionally, a significant reduction in 

β-catenin expression levels along with its phosphorylation has also been reported in Jab1 

knockdown-related cancer studies such as colorectal cancer, indicating the potential 

involvement of Jab1 in the regulation of β-catenin/Wnt signaling pathway [29]. Jab1 has also 

been recognized as one of the key regulators of the NF-κB signaling pathway via Bcl-3 

(member of Iκ B family) interaction, specifically in the nucleus. Jab1 co-activates Bcl-3 

stimulated NF-κB transcription via interacting with Bcl-3, and this cross-talk between CSN 

signalosome and NF-κB pathway was further validated by the fact that Jab1 regulates NF-kB 

activities through USP15 (CSN-associated deubiquitinase), that resulted in IκBα 

deubiquitination [30]. 

3.4. MIF-PI3K-AKT and Bcr-Abl signaling. 

Several studies have displayed indirect mechanisms associated with Jab1 and 

PI3K/AKT pathway regulation [31]. It has further been found that Jab1 also inhibits MIF 

secretion (macrophage migration inhibitory factor) along with its autocrine (pro-survival) 

activities and consequently controls MIF mediated AKT/PI3K signaling activation [32]. 

However, MIF negatively interacts with Jab1 and inhibits AP-1 (activator protein 1) and JNK 

kinases (c-Jun amino-terminal kinase) activity. Bcr-Abl also regulates Jab1 via cooperative 

interaction with β-catenin and Stat1 in leukemia cells. Also, imatinib suppressed BcrAbl by 

decreasing Jab1 expression in Bcr-Abl +ve leukemia cells [33]. 
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3.5. Jab1 in cancer cell growth and survival. 

Jab1 has been a key driving factor for regulating the cell cycle via favoring the 

degradation of numerous CKIs and cyclins. p27, also termed universal CKI, directly inhibited 

the enzymatic activity of cyclin-Cdk complexes, thereby leading to cell cycle growth arrest at 

G1 phase [34]. Further, accumulating evidence has also reported the inverse association 

between p27 and Jab1 expression in numerous human malignancies, such as gall bladder 

cancer, HCC, papillary thyroid carcinoma, Nasopharyngeal carcinoma, oral squamous, breast 

cancer, and prostate cancer [35]. Jab1 negatively modulates p27 expression via mediating 

proteasome pathway, thereby favoring cell cycle progression. Jab1 knockdown resulted in p27 

accumulation in the nucleus, cell cycle growth arrest, and cell proliferation [36]. Jab1 also 

regulates the expression of various cell cycle regulators, including cyclin D, p21, p16, Bcl-XL, 

and c-myc [37]. For instance, Jab1 depletion induced stability of cyclin E, whereas Jab1 

overexpression induced cyclin E degradation. It is very much prominent that Jab1 plays a vital 

role in cell cycle regulation.  Studies have also displayed that embryos of Jab1 null mice have 

over-expressed p53 protein and mRNA levels, supporting this oncoprotein as one of the crucial 

modulators of p53 stability. Targeted Jab1 disruption in mice has also resulted in early 

embryonic lethality leading to apoptosis. Furthermore, Jab1 depletion has also resulted in more 

cisplatin-, UV (ultraviolet), IR (ionizing radiation)-, or apoptotic induction, which has been 

correlated with p53 accumulation in NPC [38, 39]. Also, others have reported that Jab1 

inhibition promoted apoptosis via modulating p53-related apoptosis pathways in several 

carcinomas such as breast cancer cells, gall bladder cancer cells, and gastric cancer cells. 

Altogether, Jab1 has been involved in numerous apoptosis-related pathways (Figure 4). 

 
Figure 4. Jab1 involvement in apoptosis-related pathways. 

3.6. Therapeutic potential of Jab1 in carcinomas. 

Increasing evidence has strongly projected that Jab1 could be a potent therapeutic target 

due to its prominent involvement in various stages of carcinogenesis [40]. Since Jab1 

overexpression has been generally correlated with poor prognosis, the development of Jab1 

specific inhibitors would likely have a potent efficacy in cancer therapies. Numerous plant-

based compounds (or chemicals) have displayed significant inhibitory potential against this 

crucial target responsible for cancer progression [41]. Here, we have included several 

phytocompounds that have shown better inhibitory efficacy against Jab1 in different cancer 
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cell lines, including gall bladder cancer cells, cervical cancer cells, and prostate cancer cells. 

Curcumin (yellow color plant pigment) has been reported to directly inhibit the CSN associated 

kinases activities, thereby arresting cancer cells at the mitotic phase and making them more 

susceptible to apoptosis via CSN inactivation. It has also been reported that PEGylated (water-

soluble) compounds inhibited the proliferation of pancreatic cancer cells by Jab1 inhibition. 

Further, this compound has also enhanced the sensitivity of pancreatic cancer cells for standard 

gemcitabine drugs. T83 (novel curcumin analog) has also potentially induced apoptosis and 

G2/M phase arrest in NPC cells in both time and -dose-dependent manners. Troglitazone drug 

has also suppressed Jab1 promoter activity via inhibiting Tcf4 and Sp1 mediated Jab1 

transcription [42]. Both in vivo and in vitro researches have also strongly displayed that 

troglitazone drug attenuates cancer cell growth and up-regulates p27 expression level in both 

dose and time-dependent manner. Pandey et al. have also exploited the potential of stigmasterol 

for Jab1 inhibition and have strongly proven its strong Jab1 inhibitory potential in gall bladder 

carcinoma. Their studies further reported that stigmasterol-mediated Jab1 inhibition resulted in 

cell cycle, growth arrest, and apoptosis induction in gall bladder cancer cells [43]. There have 

been numerous studies that have presented the fact that isopeptidase activity of Jab1 resides in 

JAMM motif domain that can further be inhibited by Zn2+ chelators [44]. Therefore, JAMM 

motif of Jab1could be a strong therapeutic target since there are plenty of researches available 

in support of the pharmacological inhibition of metalloproteinases. 

CSN5i-3 is an oral Jab1 inhibitor that blocks CRLs in a methylated state, leading to 

CRLs inactivation via inducing degrading their substrate recognition module [45,46]. These 

findings further supported that Jab1 inhibition has strong potencies for anti-cancer therapies. 

Our research study has also exploited the potential of MO (Moringa oleifera) leaf extract in 

modulating aberrant Jab1 expression in cervical cancer. Methanolic extract of MO leaves has 

also displayed potent anticancerous potential via Jab1 downregulation in cervical cancer [47]. 

Further, another study has also presented the inhibitory potential of hesperidin against Jab1 in 

cervical cancer, thereby inducing apoptosis in HeLa cancer cells. Moreover, in silico studies 

have also presented the strong inhibitory potential of baicalein against Jab1 [48].  Altogether, 

this evidence has strongly projected Jab1 as a strong therapeutic target for the management of 

numerous carcinomas (Table 1). 

Table 1. Recent advancements in elucidating Jab1 as a potent therapeutic target in cancer management (Last 5 

years). 

Cancer Jab1 as a prognostic biomarker Inhibitory mechanism References 

Gall bladder Cancer Inverse correlation between Jab1 and p27 in 

cancer progression 

Jab1siRNA induces apoptosis via enhancing p27 

expression in gall bladder cancer  

[49] 

Breast cancer Jab1 as a potential therapeutic target of EGFR 

signaling pathways in ERα- breast cancer.  

ERK pathway inhibitor PD98059 has 

downregulated Jab1 expression and up-regulated 

p27 expression in breast tumors 

[50] 

Breast cancer Inverse correlation between Let-7d and Jab1 

expression in breast cancer progression 

Let-7d Inhibits Growth and Metastasis in Breast 

Cancer by Targeting Jab1/Cops5 

[51] 

Breast cancer Overexpression of MRPS30-DT and Jab1 mRNA 

expressions in cancer progression 

MRPS30-DT siRNAs reduced Jab1 expression in 

breast cancer cells (MDA-MB-231 and MCF-7) 

[52] 

Breast cancer p38MAPK-MK2 signaling pathway promoted 

triple-negative breast cancer tumorigenesis via 
sustaining AP1 activity through Ser177 

phosphorylation of JAB1 

JAB1 silencing resulted in a dramatic reduction in 

cell growth and in vivo tumor outgrowth in Triple-
negative breast cancer cells 

[53] 

Breast cancer ErbB2 downstream signaling proteins, including 

PI3 (phosphatidylinositol 3) kinase and AKT 

(protein kinase B), were activated by Jab1 

overexpression in SKBr3 breast cancer cells. 

Jab1 downregulation might provide a new avenue 

in breast cancer management 

[54] 

Cervical Cancer Inverse correlation between p27 and Jab1 gene in 

cervical cancer progression  

Methanolic Extract of MO (Moringa oleifera) 

leaves showed a prominent reduction in Jab1 

[55] 
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Cancer Jab1 as a prognostic biomarker Inhibitory mechanism References 

expression, thereby inhibiting cervical cancer cell 

growth. 

Lung Cancer α5-nAChR expression was positively correlated 

with Jab1 expression in lung cancer progression 

Downregulation of α5-nAChR reduced Jab1 

expression and silencing of these crucial 

biomarkers α5-nAChR or Jab1/Csn5 inhibited the 
invasion and migration of lung cancer cells 

[56] 

Colorectal Cancer Jab1 positively regulates the expression of c-
MYC, nuclear β-catenin, and cell cycle 

regulators, including topoisomerase IIα and Ki-

67 in human Colorectal cancer cells. 

JAB1 emerged as a promising target for potent 
Colorectal cancer therapy 

[57] 

Gastric Cancer The correlation between p14ARF and Jab1 might 

provide new avenues in the treatment of gastric 

cancer. 
 

Jab1 promotes gastric cancer cell growth via 

decreasing p14ARF expression through 

proteasomal degradation. 

[58] 

4. Conclusion 

Our review briefly explained the structure and biological role of Jab1. Along with its 

multifunctional potential, Jab1 regulates numerous cell signaling pathways and associated 

targets in cancer progression. Jab1 has been proven to be correlated with adverse outcomes and 

therapeutic responses in cancer patients. Although the exact underlying mechanism remains 

uncovered, it paves a new direction in the field of anti-cancer treatments. As a potential target 

of anti-cancer therapies, more Jab1 inhibitory studies are still needed to develop novel 

therapeutic strategies against numerous carcinomas. Considering the critical involvement of 

Jab1 in cancer progression, it is reasonable to consider Jab1as a promising prognostic and 

diagnostic biomarker for cancer treatment. Furthermore, we have also summarized numerous 

phytocompounds which could target Jab1 and may emerge as potential anti-cancer drugs. Due 

to their nontoxic nature, Jab1 inhibition by natural compounds could be a safe and novel 

approach for chemotherapeutics. However, more preclinical research studies are urgently 

needed to elucidate more potent combinations with radiotherapy or chemotherapy towards 

better management of human carcinomas. We strongly believe that this review article would 

further promote research studies related to the elucidation of specific Jab1 inhibitors in 

chemoprevention via either one phytocompound or combinatorial approach. Altogether, 

targeted Jab1 inhibition would emerge as a novel strategy for human cancer prevention in the 

future. However, more detailed studies are still required to elucidate potent Jab1 specific phyto 

inhibitors suitable for clinical therapy. 
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