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Abstract

As a de-ubiquitin enzyme, ubiquitin C-terminal hydrolase (UCH)-L1 has been shown to be 

overexpressed in several human cancers. However, the function of UCH-L1 in invasion of breast 

cancers is still unclear. Here we report that the expression of UCH-L1 is significantly higher in 

cancer cells with higher invasive ability. While ectopic UCH-L1 expression failed to alter cell 

proliferation in MCF-7 cells, it caused a significant upregulation of cellular invasion. Furthermore, 

siRNA mediated knockdown of UCH-L1 led to suppression of invasion in UCH-L1 

overexpressing MCF-7 cells. In order to identify molecular mechanisms underlying these 

observations, a novel in vitro proximity-dependent biotin identification method was developed by 

fusing UCH-L1 protein with a bacterial biotin ligase (E. coli BirA R118G, BioID). Streptavidin 

magnetic beads pulldown assay revealed that UCH-L1 can interact with Akt in MCF-7 cells. 

Pulldown assay with His tagged recombinant UCH-L1 protein and cell lysate from MCF-7 cells 

further demonstrated that UCH-L1 preferentially binds to Akt2 for Akt activation. Finally, we 

demonstrated that overexpression of UCH-L1 led to activation of Akt as evidenced by 

upregulation of phosphorylated Akt. Thus, these findings demonstrated that UCH-L1 promotes 

invasion of breast cancer cells and might serve as a potential therapeutic target for treatment of 

human patients with breast cancers.

#Correspondence should be addressed to: Hua Zhu, Ph.D., Hua.Zhu@osumc.edu, Department of Surgery, Davis Heart and Lung 
Research Institute, The Ohio State University Wexner Medical Center, 460 W 12th Ave. Columbus, OH 43210, USA and Jin-Ming 
Yang, M.D., Ph.D., juy16@psu.edu, Department of Pharmacology, The Penn State Hershey Cancer Institute, The Pennsylvania State 
University, College of Medicine and Milton S. Hershey Medical Center, 500 University Drive, Hershey, PA 17033, USA. 

Conflicts of Interest
The authors declare that there are no conflict of interest.

HHS Public Access
Author manuscript
J Cell Biochem. Author manuscript; available in PMC 2019 January 01.

Published in final edited form as:
J Cell Biochem. 2018 January ; 119(1): 691–700. doi:10.1002/jcb.26232.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Keywords

UCH-L1; AKT; breast cancer; invasion

Introduction

Ubiquitin(Ub)-proteasome system is an essential component of eukaryotic cells for protein 

quality control and homeostasis[Etlinger and Goldberg, 1977]. Alteration of ubiquitin-

proteasome system has been linked to many human diseases including cancers[Hoeller et al., 

2006], cardiovascular diseases[Calise and Powell, 2013; Powell et al., 2012], and 

neurodegenerative diseases[Ciechanover and Brundin, 2003]. Mono- or poly- ubiquitin can 

be conjugated to its target proteins by ubiquitin ligases for protein degradation, relocation 

and functional alteration. Conversely, ubiquitin can be detached from its targets by de-

ubiquitination enzymes (DUBs)[Nijman et al., 2005]. There are totally 5 sub-families of 

DUBs, including the Ub C-terminal hydrolases (UCHs), the Ub-specific proteases (USPs), 

the ovarian tumor domain containing (OTU), the Josephin-domain containing and the 

jab1/MPN domain-associated metalloiso-peptidase class[Nijman et al., 2005]. Similar as 

ubiquitin ligases, dysfunctions or mutations of DUBs have been found in many human 

diseases[Hanpude et al., 2015; Wilkinson, 2000].

As indicated by its name, Ubiquitin C-terminal hydrolase (UCH)-L1 belongs to the Ub C-

terminal hydrolases (UCHs) sub-family. Tissue distribution analysis of UCH-L1 revealed 

that it is predominantly expressed in brain tissue[Day and Thompson, 2010], indicating it 

plays a critical role in central nerve system. Indeed, genetic ablation of UCH-L1 leads to 

degeneration of presynaptic terminals at the neuromuscular junction, a loss of synaptic 

vesicles[Chen et al., 2010]. Furthermore, several UCH-L1 mutations have been identified as 

the causes of neurodegenerative diseases[Bilguvar et al., 2013; Leroy et al., 1998]. Extensive 

studies have also demonstrated that activity and solubility alterations of UCH-L1 can cause 

neurodegenerative diseases[Butterfield et al., 2006; Choi et al., 2004; Gong et al., 2006].

Despite its expression level is low in other tissues, overexpression of UCH-L1 has been 

found in some cancers, including pancreatic cancer[Saettler and Temple, 2000; Tezel et al., 

2000], myeloma[Otsuki et al., 2004], prostate cancer[Leiblich et al., 2007], 

neuroblastoma[Ootsuka et al., 2008], and osteosarcoma[Liu et al., 2009]. Furthermore, 

expression of UCH-L1 has been shown to be positively correlated with cancer cell 

chemotherapy resistance[Jin et al., 2015; Wang et al., 2016], metastasis[Kim et al., 2015], 

and negatively correlated with prognosis of cancer patients[Schroder et al., 2013; Yang et al., 

2015].

Although a potential role for UCH-L1 as an oncogene has been observed, the molecular 

mechanisms underlying these observations have not been extensively studied. Here we show 

that expression of UCH-L1 is positively correlated with invasive ability of breast cancer 

cells. A novel live cell protein proximal biotination assay and magnetic beads pull down 

assay have identified that UCH-L1 can interact with endogenous Akt2 and in turn, to 

activate Akt signaling for promoting cell invasiveness. Thus, our study suggests that UCH-
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L1 promotes breast cancer cell invasion and might serve as a potential therapeutic target for 

treatment of human patients with breast cancers.

Materials and methods

Cell cultures

Human breast cancer cell lines, MCF-7, MDA-MB-468, MDA-MB-436, T-47D and 

MCF-7/Adr were obtained from American Type Culture Collection (ATCC, Manassas, 

USA). MCF-7, T-47D, MCF-7/Adr were cultured in RPMI-1640 medium containing 10% 

fetal bovine serum (Gibco) and 100 I.U./ml penicillin and 100 μg/ml streptomycin at 37 °C 

in a humidified atmosphere with 5% CO2. MDA-MB-468 and MDA-MB-436 were cultured 

in DMEM medium containing 10% fetal bovine serum (Gibco) and 100 I.U./ml penicillin 

and 100 μg/ml streptomycin at 37 °C in a 5% CO2 air atmosphere as mentioned before.

Western blotting

Protein of tissue samples or cell lines was extracted by using Total Protein Extraction Kit 

(Millipore, Darmstadt, Germany). The protein concentration was determined using Bio-Rad 

Protein Assay Dye Reagent Concentrate (Bio-rad, USA). Equivalent proteins were 

denatured in protein loading buffer, loaded onto 10% SDS-PAGE gels, and subsequently 

transferred to polyvinylidene difluoride (PVDF) membranes (Millipore, Billerica, MA) by 

electroblotting. The PVDF membranes were blocked with 5% nonfat milk in PBST buffer 

for 1 h and incubated overnight at 4 °C with antibody against UCH-L1 (Abcam), pan-Akt 

(Cell Signaling), Akt1 (Cell Signaling), Akt2 (Cell Signaling), Akt3 (Cell Signaling), pAkt 

(Ser473) (Cell Signaling), ERK (Cell Signaling), pERK (Cell Signaling), GAPDH (Santa 

Cruz) and α-tubulin (Cell Signaling). Signals were detected using ECL detection reagent 

(Pierce) following the manufacturer’s instructions.

Establishment of stably transfected cells

The cDNA for UCH-L1 (NCBI gene symbol UCHL1) was amplified by PCR from HEK293 

cells, and the product was subcloned into either pcDNA3.1 (Invitrogen, CA, USA) or 

pcDNA3.1 mycBioID (Addgene, MA, USA) vectors to generate UCH-L1 overexpression 

plasmids. Different breast cancer cells were transfected with pcDNA3.1-UCH-L1, 

pcDNA3.1 mycBioID-UCH-L1(BirA-UCH-L1) recombinant plasmid or empty vectors 

using Lipofectamine 3000 according to the manufacturer’s instructions (Invitrogen, USA) 

and retained in medium containing 10% FBS and 1 mg/ml G418 to select the stable 

transfected cells.

siRNA mediated UCH-L1 knockdown

2×105 MCF-7/Adr cells in 3 ml antibiotic-free medium were plated in 6-well plate. 24 h 

later, after cells reach 80% confluence, siRNA against UCH-L1 and control siRNA (GE 

Dharmacon, CO, USA) were mixed at equivalent ratio and then co-transfected into 

MCF-7/Adr cells using Lipofectamine 2000 (Invitrogen, USA) according to the 

manufacturer’s instructions. Twelve hours after transfection, the cells were plated to Boyden 

chamber to test their invasive ability.
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Cell proliferation assay

Cell proliferation assays were carried out with a MTT assay. Cells were plated in 96-well 

plates at approximately 1×103 cells per well. The numbers of cells per well were detected by 

the absorbance (570 nm) of MTT at the indicated time points. The absorbance (570 nm) was 

measured by using Flex Station 3 microplate reader (Molecular Devices, Sunnyvale, CA).

Cell Invasion assay

Transwell inserts that precoated with Matrigel (8 μm pore; Corning Costar) were placed into 

the 24-well plate, a total of 5×104 cells in 0.5% FBS-medium were seeded in the upper 

chamber and 10% FBS-medium were added in the lower chamber. After 24 h incubation, 

cells on the top surface of the insert were removed by wiping with a cotton swab. The cells 

that had invaded the bottom side of the membrane were fixed with 4% formaldehyde and 

stained with Crystal violet (Sigma-Aldrich). The stained cells were photographed and 

quantified. In addition, BD BioCoat™ FluoroBlok™ Invasion System (Becton Dikinson 

Labware) was used to quantify invasive ability of each cell line. Briefly, a total of 5 × 104 

cells in 0.5% FBS-medium were seeded to the apical chambers and 10% FBS medium were 

added to the basal chambers. After 24 hours incubation in cell culture condition, the apical 

chambers were carefully removed and inserted into a second 24-well plate containing 500 

μL/well of 4 μg/mL Calcein AM in HBSS. The plates were incubated for 1 hour at 37°C, 5% 

CO2. During incubation, Calcein AM was converted into green fluorescent calcein by 

cytosolic esterases. The invaded cells were quantified by the fluorescence at wavelengths of 

494/517 nm (Ex/Em) on a bottom-reading fluorescent plate reader (Flex Station 3, 

Molecular Devices, Sunnyvale, CA).

Affinity pulldown of biotinylated proteins

A promiscuous biotin ligase fusion protein (BirA) was used to identify potential UCH-L1 

interaction proteins [Roux et al., 2012]. Briefly, cDNA of UCH-L1 was subcloned into 

pcDNA3.1 mycBioID plasmid (pcDNA3.1 mycBioID was a gift from Kyle Roux (Addgene 

plasmid # 35700). MCF-7 cells were transfected with either mycBioID-UCH-L1 or empty 

mycBioID plasmids using Lipofectamine 3000 transfection reagent. Twenty-four hours after 

transfection, the transfected cells were cultured for 16 hours in RPMI-1640 culture medium 

containing 50 μM biotin. After washing three times with DPBS to wash out extracellular 

biotin, cells were lysed on ice in RIPA buffer containing complete protease and phosphatase 

inhibitors (Roche). Then sonicated using the Branson Sonifier 250 at 15% output level for 1 

min (5 second on and 5 second off) on ice. Then the lysates were centrifuged at 14,000 g for 

15 mins at 4°C. Supernatants were incubated with Dynabeads (MyOne Streptavidin C1, 

Invitrogen) overnight at 4°C with a rotator. Beads were collected and washed four times (5 

mins/time) at room temperature in PBS. After wash, the samples were mixed with equal 

volume of loading buffer (Bio-Rad) and boiled for immunoblot analysis.

Recombinant human UCH-L1 expression and in vitro Ni-NTA pulldown assay

Human UCHL1 DNA sequence was subcloned into the pET28a vector (EMD Biosciences) 

with T4 DNA ligase (NEB, Ipswich, USA) to generate pET28a-rhUCH-L1 plasmid. The 

insertion accuracy was verified by DNA sequencing. The pET28a-rhUCH-L1 plasmid (with 
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6-His-Tag) was transformed into competent E.coli strain BL21 (DE3) cells (Invitrogen, 

USA). Then, E. coli cells were maintained at 37°C in Luria–Bertani medium with vigorous 

shaking (250 rpm). Isopropyl-β-D-thiogalactopyranoside (Amresco, OH, USA) was added at 

a concentration of 1 mM when the OD600 of the E. coli reached 0.4. After further 

incubation at 24 °C for 6 h, the cells were harvested for further use.

Rapid screening of expression cultures was operated according to the manual for high-level 

expression and purification of 6xHis-tagged proteins (Qiagen, USA). The roughly 24.8–kDa 

rhUCH-L1 protein was purified and afterward it was verified by SDS-PAGE analysis. The 

purified His-rhUCH-L1 protein was further established by western blot, probed with anti-

His and UCH-L1 antibodies. The obtained purified protein were harvested for further use.

His-rhUCH-L1 protein was used as a bait to pulldown its interaction proteins from different 

cell lysates. The pulldown protocol was modified from previous study [Rahmeh et al., 2012]. 

Briefly, purified His-rhUCH-L1 protein or equal volume of saline was first incubated with 

Ni-NTA spin column, then cell lysates derived from either MDA-MB-231 or MCF-7 was 

loaded to Ni-NTA column and incubated for 1, 2 and 4 hours. The columns were washed 

with wash buffer for four times (5 mins/wash) and eluted with elution buffer. The elution 

fraction was collected and subjected to immunoblotting analysis for proteins of interest 

(pan-Akt, Akt1, Akt2 and Akt3).

Statistical analysis

All statistical analyses were performed using Graphpad Prism V.5.00 software (GraphPad 

Software, San Diego CA, USA). Statistical significance was determined at p<0.05, and tests 

were two sided. Comparison between two groups for statistical significance were performed 

with unpaired Student’s t test. For more groups, one-way ANOVA followed by Neuman-

Keuls post hoc test was used.

Results

UCH-L1 expression is positively correlated with cancer invasive ability

To determine the potential role of UCH-L1 in regulation of cancer invasion, we firstly 

examined the expression of UCH-L1 in different breast cancer cell lines with different 

invasive ability. The cell lines we chose were divided into two groups based on previous 

reports [Gumireddy et al., 2007; Li et al., 2007]: MDA-MB-468, MCF-7 and T-47D are the 

cell lines with low invasive ability, MDA-MB-436 and MCF-7/Adr are the cell lines with 

high invasive ability. Western blotting analysis showed that protein expression of UCH-L1 

was significantly increased in cell lines with high invasive ability (Fig. 1A), indicating high 

level of UCH-L1 might contribute to high invasiveness of cancer cells. To further test the 

role of UCH-L1 on cancer cell invasiveness, we transfected UCH-L1 plasmid into both 

MCF-7 and MDA-MB-468 cells to generate stable cell lines that overexpress UCH-L1. As it 

is shown in Fig. 1B, we successfully obtained single clones that overexpress UCH-L1 from 

parental MCF-7 and MDA-MB-468 cells.
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Overexpression of UCH-L1 enhances invasive ability of cancer cells

In order to further establish the correlation of UCH-L1 expression with cell invasiveness, we 

first compared invasive ability of MCF-7 and MCF-7/Adr cells. As it is shown in Fig. 2A, 

MCF-7/Adr displayed significantly higher ability of invasiveness, which was consistent with 

our previous studies [Li et al., 2007]. To further test our hypothesis that expression of UCH-

L1 is positively correlated with invasiveness of the cells, we used UCH-L1 overexpressing 

cell lines we generated from MCF-7 and MDA-MB-468 cells, thus we could compare 

invasive ability of cells with same genetic background (MCF-7 vs MCF-7-UCH-L1; MDA-

MB-468 vs MDA-MB-468-UCH-L1). With matrigel invasion chamber, we can stain invaded 

cells with crystal violet and found that MCF-7-UCH-L1 cells invaded more through matrigel 

than both parental MCF-7 cells and MCF-7 cells transfected with empty vector (Fig. 2B). To 

further quantify invaded cells among different cell lines, a florescence based method was 

used[Partridge and Flaherty, 2009]. Since calcein AM is used to fluorescently label the 

invaded cells and the number of invaded cells and calcein florescence reading are in linear 

correlation, this method is an ideal way to quantify invaded cells accurately and objectively. 

As it is shown in Fig. 2C and 2D, overexpression of UCH-L1 led to enhanced invasiveness 

in both MCF-7 (5.8 fold increase, p<0.01) and MDA-MB-468 (1.4 fold increase, p<0.05) 

cells. Since the overexpression of UCH-L1 required relatively long-time selection for single 

clones, there might be other alterations happened during selection process, which affected 

invasive ability of the cells. To test this possibility, we used siRNA to acutely knockdown 

UCH-L1 in MCF-7-UCH-L1 cells. As it is shown in Fig. 2E, siRNA against UCH-L1 could 

significantly reduce its expression level, while scramble siRNA had no effect as a control. 

We have also tested the time window of the siRNAs we used and found that the knockdown 

effect of siRNA could last for 96 hours which is within the period of our invasion 

experiments. As it shown in Fig. 2F, acute UCH-L1 siRNA treatment significantly reduced 

expression of UCH-L1 as well as cell invasiveness. Thus, our results suggested that UCH-L1 

indeed regulates cancer cell invasion.

UCH-L1 activates Akt pathway through directly binding to Akt2

Activation of Akt and/or ERK signaling pathways have been reported to promote cell 

invasion in multiple cancers [Dhillon et al., 2007; Kim et al., 2001; Schuierer et al., 2004; 

Vasko et al., 2004]. To test whether Akt and/or ERK pathways are involved in UCH-L1 

mediated cell invasion, we performed immunoblot analysis to detect phosphorylated Akt and 

ERK in MCF-7 and MCF-7-UCH-L1 cells. As shown in Figure 3A, UCH-L1 over-

expression led to upregulation of p-Akt and downregulation of p-ERK as compared with that 

in empty vector-transfected cells, indicating UCH-L1 might activate Akt pathway to 

promote cancer cell invasion.

To test the molecular mechanisms underlying these observation, we purified His tagged 

recombinant human UCH-L1 protein (His-rhUCH-L1) from E. Coli fermentation and used it 

as a bait to pulldown its interaction proteins from cell lysates from MCF-7 cells. As it shown 

in Fig. 3B, we can generate His-rhUCH-L1 with high purity. When incubating with MCF-7 

cell lysates with indicated time points, we observed that AKT protein can be pulled down by 

His-rhUCH-L1, and the amount of binding is time dependent (Fig. 3C).
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To further confirm our biochemical observation in vitro, a more physiological assay was 

utilized to examine UCH-L1 and AKT interaction in live cancer cells. This approach took 

advantage of the biotin-ligase (BioID) system[Roux et al., 2012], a modified promiscuous 

biotin ligase was fused to N-terminal of UCH-L1 protein to form fused protein mycBioID-

UCH-L1 (Fig. 4A). We then expressed mycBioID-UCH-L1 in MCF-7 cells and it will 

biotinylates proteins that come in close proximity, which can then be pulled down by 

streptavidin magnetic beads. As all of the reaction happens in live cells, the potential 

interaction obtained from this method will considered to be more physiological as compared 

to conventional co-immunoprecipitation and in vitro pulldown assays showing in Fig. 3C. 

As it is shown in Fig. 4B, mycBioID-UCH-L1 and mycBioID have been successfully 

generated and overexpressed in MCF-7 cells. More importantly, Akt can be biotinylated by 

mycBioID-UCH-L1, but not by mycBioID as a control (Fig. 4C).

Finally, we asked the question that which isoform of Akt protein family is the target for 

UCH-L1. As it is well known, Akt protein family has at least 3 isoforms, Akt1, Akt2 and 

Akt3 (summarized in review article [Chin and Toker, 2009]). Interestingly, Akt1 and Akt2 

play opposite role on controlling invasion in breast cancer cells, while Akt2 promotes cell 

invasion[Arboleda et al., 2003; Cheng et al., 2007], Akt1 actually inhibits cell invasion [Irie 

et al., 2005; Veeriah, 2012; Yoeli-Lerner et al., 2005]. To further test which Akt isoform(s) 

interacts with UCH-L1, we performed His-rhUCH-L1 pulldown assay as described in Fig. 3. 

As it is shown in Fig. 5, while His-rhUCH-L1 protein can pulldown Akt2 from MCF-7 cell 

lysate (Fig. 5A), the signal of Akt1 in pulldown sample is almost non-detectable and not 

time dependent as Akt1 (Fig. 5B) (only showed a faint band in sample at binding of 1 hour). 

Consistent with previous studies[Faridi et al., 2003; Nakatani et al., 1999], we didn’t detect 

Akt3 signal due to the fact that MCF-7 cells do not expression endogenous Akt3 (data not 

shown).

Thus, we demonstrated that UCH-L1 positively regulates cancer cell invasion through 

directly binding to Akt2 and activating Akt signaling pathway. This functional interaction 

might be a potential target for treatment of invasive cancers.

Discussion

As a de-ubiquitination enzyme, UCH-L1 is considered as a tumor promoting protein in 

many human tumors [Leiblich et al., 2007; Liu et al., 2009; Ootsuka et al., 2008; Otsuki et 

al., 2004; Saettler and Temple, 2000; Tezel et al., 2000]. However, the function of UCH-L1 

in tumor initiation, progression and invasion is still controversial, as UCH-L1 has also been 

found to be downregulated in other tumor types including prostate cancer [Ummanni et al., 

2011], ovarian cancer [Jin et al., 2013], and nasopharyngeal cancer [Li et al., 2010]. 

Therefore, the potential role of UCH-L1 as an oncogene or a tumor suppressor may be cell 

context or tissue specific. In this study, we firstly reported that overexpression of UCH-L1 

led to enhancement of cell invasion in multiple breast cancer cell lines. Cell biology and 

biochemical experiments show that the molecular actions of UCH-L1 for promotion of cell 

invasion is through directly binding to Akt2 and activating Akt signaling pathway.
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There have been several studies reporting the roles of UCH-L1 in breast cancers. A clinical 

study has reported that overexpression of UCH-L1 is statistically correlated with metaplastic 

carcinomas of the breast and associated with poorer overall survival. By pathological 

analysis, the authors attributed these clinical observations to the potential role of UCH-L1 on 

promoting epithelial-mesenchymal transition (EMT) in breast cancer [Lien et al., 2013]. 

Similarly, an elegant study demonstrated that overexpression of UCH-L1 promotes 

metastasis of breast and lung cancers through its de-ubiquitin activity for stabilizing 

Hypoxia-inducible factor 1 (HIF-1) [Goto et al., 2015]. Interestingly, a study found that 

UCH-L1 inhibits breast cancer cell proliferation by stabilizing p53 and blocking G0/G1 cell 

cycle [Xiang et al., 2012]. Thus, the current studies about the roles of UCH-L1 on breast 

cancers have been focused on cell proliferation and metastasis. We have also tested the role 

of UCH-L1 on proliferation of MCF-7 cells and found the proliferation rate of MCF-7-

UCH-L1 cells is same as MCF-7 transfected with empty vector (data not shown), which is 

different from the observations in previous study, where they found that overexpression of 

UCH-L1 inhibits cell proliferation in MDA-MB-231 cells[Xiang et al., 2012]. Given there 

the different genetic background of MCF-7 and MDA-MB-231, for example, MCF-7 cells 

express wild type p53 [Lu et al., 2001] but MDA-MB-231 cells express a mutant gain-of-

function p53 which actually protects cancer cells against different stresses and promotes cell 

survival [Hui et al., 2006]. Thus, our studies again suggested the role of UCH-L1 is cell type 

and genetic background specific. Thus, the role of UCH-L1 on cell proliferation definitely 

requires further investigation. For its role of cell invasion, our biochemical and live cell 

approaches have suggested a novel target of the action of UCH-L1, which is Akt. However, 

there are several aspects that need more studies, first, mutagenesis studies are required to 

dissect the domains in UCH-L1 and Akt for their functional interaction; second, from our 

observation in Fig. 3B, we only observed p-Akt was increased upon overexpression of UCH-

L1, while the total Akt remained the same. Our observation is consistent with previous 

studies on lung cancer cells and melanoma cells [Kim et al., 2009; Wulfanger et al., 2013], 

where overexpression of UCH-L1 didn’t alter total Akt levels. In addition, many studies 

have demonstrated that regulation of Akt is mainly through caspase-mediated degradation 

and heat shock protein-mediated protein stabilization, while only few studies suggested Akt 

might be degraded by ubiquitin-proteasom system (UPS) (summarized in the review article 

[Liao and Hung, 2010]). Thus, it is unlikely that UCH-L1 activates Akt signaling pathway 

by de-ubiquitinating and stabilizing Akt. So the detailed molecular mechanism underlying 

UCH-L1 mediated activation of Akt signaling remains to be elucidated; third, we believe 

that there are more UCH-L1 interacting proteins in cancer cells that might also contribute to 

UCH-L1 mediated promotion of cell invasion. For this purpose, we have performed BioID 

assay to identify other two proteins that could be labeled by biotin, they are MDM2 and 

Caveolin-1. The reason we performed this additional experiments is to identify a third 

partner interacting with Akt-UCH-L1. Given that both MDM2 and Caveolin-1 have been 

identified as a partner for Akt[Mayo and Donner, 2001; Wu et al., 2014] and more 

interestingly, MDM2 has been identified to interact with UCH-L1 as well[Li et al., 2010]. 

Our initial idea was to test whether UCH-L1 can form complex with Akt and MDM2 and/or 

Caveolin-1 to regulate invasion of breast cancer cells. However, our results couldn’t support 

this hypothesis. We think these interactions could be tissue specific, or our BioID assay is 

not sensitive enough to reveal the interactions between UCHL1 with MDM2/Caveolin-1 
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other than Akt, which might further suggest that the interaction between UCHL1 and AKT 

is more direct than other interactions. Nevertheless, our established mycBioID-UCH-L1 

system will be utilized to identify more UCH-L1 binding partners for regulation of invasion 

in breast cancer cells. In addition to its advantages mentioned in previous text, this system is 

also ideal for identification of interacting partners in different treatment conditions. For 

example, UCH-L1 has been linked to cancer cell chemotherapy resistance [Jin et al., 2015; 

Wang et al., 2016], thus we can compare biotinylated protein profile derived from 

mycBioID-UCH-L1 overexpressing cells treated with or without chemotherapy drugs with 

the hope to identify specific proteins that responsible for UCH-L1 mediated chemotherapy 

resistance. Finally, the role of UCH-L1 on Akt2 activation for regulation of cell invasion 

could be tested in more details. Theoretically, specific inhibitors for specific isoform of Akt 

should be useful to determine whether the role of UCH-L1 on cell invasion is through 

activating Akt2. However, the specificity of chemical Akt inhibitors are not ideal to 

differentiate different isoforms of Akt [Barnett et al., 2005; Huck and Mochalkin, 2017], 

moreover, they usually have a high cytotoxicity [Barnett et al., 2005], which greatly 

obstructs our experiments by using different Akt inhibitors. Thus, some molecular 

approaches, such as CRISPR mediated gene editing might be useful in this situation.

In our study, we have noticed that UCH-L1 promotes invasion of breast cancer cells, future 

studies need to delineate whether UCH-L1 regulate chemo-resistance in breast cancer cells, 

as well as the role of UCH-L1 in cancer stem cells of breast cancers. Collectively, our 

findings implicate that UCH-L1 is an essential promotor during breast cancer metastasis and 

may serve as a potential biomarker to predict prognosis of the human patients with breast 

cancers.
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Figure 1. UCH-L1 expression is increased in the cancer cell lines with high invasive ability
(A) UCH-L1 expression in different cancer cell lines was detected by Western blotting, β-

actin was used as the internal control. (B) Western blotting analysis showed that UCH-L1 

was successfully overexpressed in both MCF-7 and MDA-MB-468 cells. UCH-L1-1 and 

UCH-L1-2 indicated two independent clones generated from antibiotic selection.
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Figure 2. Expression of UCH-L1 is positively correlated with cancer cell invasion
Matrigel invasion assay was performed and invaded cells were fluorescently labelled with 

Calcein AM dye. Normalized fluorescent intensity showed that MCF-7/Adr cells displayed 

higher invasiveness than MCF-7 cells (A). Similarly, overexpression of UCH-L1 led to 

enhancement of invasion in both MCF-7 (B, C) and MDA-MB-468 (D) cells. Since there is 

possibility that long term antibiotic selection might cause alterations of other genes that 

potentially contribute to cell invasion, MCF-7-UCH-L1 cells were acutely transfected 

siRNA against UCH-L1. Western blotting analysis showed that siRNA treatment can 

effectively knockdown expression of UCH-L1 (E) and inhibit cell invasion as compared to 

the cells treated with scramble siRNA as a control. Data presented as Mean ± SD, n = 3 

independent experiments. * p<0.05, ** p<0.01.
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Figure 3. UCH-L1 activates Akt signaling pathway
(A) MCF-7 cells were transfected with plasmid to generate stable UCH-L1 overexpression 

cell line. Overexpression of UCH-L1 led to activation of Akt as evidenced by upregulation 

of p-Akt level. (B) A His tagged recombinant human UCH-L1 expression plasmid was 

generated and transformed into E. Coli. Coomassie blue staining of SDS-PAGE (upper panel 
of B) and Western blotting (lower panel of B) show that His-rhUCH-L1 was successfully 

purified by Ni-NTA column. (C) His-rhUCH-L1 was used as a bait to pulldown interacting 

proteins from cell lysates derived from MCF-7 cells. Western blot analysis show that Akt 

can be pulled down by His-rhUCH-L1 protein, while other proteins, such as MDM2 and 

Cavin-3 cannot be found in elution fraction of the experiments. Empty Ni-NTA beads 

incubated with cell lysates and purified His-rhUCH-L1 were also included as controls. n = 3 

independent experiments.
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Figure 4. UCH-L1 interacts with Akt in live cancer cells
A novel protein/protein interaction approach was used to confirm interaction between UCH-

L1 and Akt in live cancer cells. (A) A schematic figure shows the working flow of BioID 

system to identify interacting partners of protein of interest. Specifically, a biotin ligase, 

BioID, was fused with UCH-L1 and the fusion protein was expressed in MCF-7 cells. 

BioID-UCH-L1 can biotinylate proteins in close proximity, which can be pulled down by 

streptavidin magnetic beads for analysis. Both BirID and BirID-UCH-L1 plasmids were 

successfully expressed in MCF-7 cells (B) and streptavidin beads pulldown assay suggested 

that BirID-UCH-L1 can biotinylate Akt, while neither BirID alone not BirID-UCH-L1 can 

biotinylate MDM2, GAPDH or caveolin-1 as negative controls (C). n = 3 independent 

experiments.
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Figure 5. UCH-L1 preferentially binds to Akt2 in MCF-7 cells
His-rhUCH-L1 was used as a bait to pulldown interacting proteins from cell lysates derived 

from MCF-7 cells. Western blot analysis show that Akt2 can be pulled down by His-rhUCH-

L1 protein (A), while Akt1 signal is almost non-detectable (B).
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