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The novel Jab1 inhibitor CSN5i-3 suppresses cell proliferation and induces 
apoptosis in human breast cancer cells 
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Jab1 is a vital subunit of the CSN family and is reported to be overexpressed in numerous cancer types. Due to the impor-
tance of Jab1/CSN5 in cancer cell proliferation and survival, Jab1 is considered a promising therapeutic target. Therefore, 
we evaluated the anticancer effect of the novel Jab1 inhibitor CSN5i-3 in breast cancer cells. In our study, we found that 
Jab1 was overexpressed in breast cancer tissues and was correlated with poor prognosis in human breast cancer patients. 
An MTS assay revealed that CSN5i-3 suppressed cell proliferation in the breast cancer cell lines BT474 and SKBR3. We 
also found that CSN5i-3 significantly induced apoptosis and G1 phase cell cycle arrest in breast cancer cells. A mechanistic 
investigation revealed that CSN5i-3 inhibited Jab1 expression and increased the level of apoptosis marker cleaved PARP and 
the cell-cycle-related protein p27 in BT474 and SKBR3 cells. A nude mouse xenograft model also indicated that CSN5i-3 
exerted a potent anticancer effect in vivo. Overall, our study suggests that the Jab1 inhibitor CSN5i-3 might be a promising 
agent for the breast cancer treatment in humans and should be further studied. 
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Breast cancer is the most commonly diagnosed cancer in 
women and the second leading cause of cancer-related death 
in women worldwide [1, 2]. HER2-positive breast cancer is 
characterized by the amplification or overexpression of the 
HER2 oncogene/protein and accounts for approximately 
15–20% of all breast cancer cases [3, 4]. Trastuzumab is 
the first targeted therapy drug that has been approved for 
HER2-positive breast cancer [5]. Though trastuzumab signif-
icantly improves patients’ overall survival, resistance to the 
drug is inevitable [6]. Thus, it is necessary to develop novel 
promising therapeutic drugs for breast cancer.

c-Jun activation domain-binding protein-1 (Jab1), 
encoded by the COPS5 gene, was initially identified as a 
coactivator of c-Jun [7], a transcription factor that is involved 
in numerous cellular processes [8, 9], such as cell prolifera-
tion and tumorigenesis [10–12]. Later, Jab1 was discovered 
to be the fifth member and integral component of the photo-
morphogenic-9 (COP9) signalosome (CSN) complex [13]. 
CSN is a multifunctional protein complex that is involved 
in modulating signal transduction, gene transcription, and 

protein stability. For this reason, Jab1 is also referred to as 
CSN5. Jab1 contains 3 distinct domains, namely, the c-Jun 
binding domain (JBD), the Mpr1-Pad1-N-terminal (MPN) 
domain and the C-terminal domain [9]. The MPN domain 
contains the metalloenzyme motif (JAMM), which is essen-
tial for mediating the interaction between Jab1/CSN5 and 
other proteins and for its isopeptidase activity [14, 15]. In 
cancer, Jab1 has been recognized as a multifunctional protein 
that plays vital roles in DNA damage response, oncoimmu-
nity and other biological processes [16–18].

Because of the importance of Jab1, a specific Jab1 inhib-
itor (CSN5i-3) has been designed [19], and it is also reason-
able to evaluate the therapeutic potential of this inhibitor 
in cancer cells. In our study, we detected the anticancer 
effect of CSN5i-3 in breast cancer cell lines and found that 
CSN5i-3 inhibited the proliferation and significantly induced 
apoptosis in vitro and in vivo. Significant G1 phase arrest was 
also observed in CSN5i-3-treated cells. On the basis of our 
data, we proposed that the Jab1 inhibitor CSN5i-3 might be a 
valuable therapeutic agent in human breast cancer.
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Materials and methods

Cell culture. The BT474 and SKBR3 human breast cancer 
cell lines were obtained from ATCC. BT474 and SKBR3 
cells were cultured in Roswell Park Memorial Institute 1640 
medium (RPMI 1640) with 10% fetal bovine serum (FBS), 
penicillin (100 U/ml), and streptomycin (100 μg/ml). All 
the cells were incubated at 37 °C in a humidified chamber 
supplemented with 5% CO2.

Cell proliferation MTS assay. Cell viability was 
assessed using a 3-(4,5-dimethylthiazol-2-yl)-5-(3-
carboxymethoxyphenyl)-2(4-sulfophenyl)-2H-tetrazolium 
(MTS) assay (Promega, USA). Cells were seeded 24 hours 
before the indicated treatments. The cells were seeded onto 
96-well cell-culture plates overnight before CSN5i-3 treat-
ment. Cell proliferation was accessed by adding 20 MTS 
solution into each well. The color that developed was read 
with an enzyme-linked immunosorbent assay reader at 
490 nm. The results are expressed as the mean values ± 
standard deviations.

Apoptosis assay. To assess apoptosis effects, BT474 and 
SKBR3 cells were seeded in a 6-well plate. After exposure 
to CSN5i-3 for 24 hours, cells were stained with Annexin 
V-FITC and analyzed by FACSCalibur (Becton Dickinson) 
to assess the apoptotic cell percentages.

Cell cycle arrest. For cell cycle arrest analysis, BT474 and 
SKBR3 cells were seeded in a 6-well plate and treated with 
CSN5i-3 for 24 hours. Then, cells were removed and fixed 
with 70% ethanol overnight at 4 °C. The cells were washed 
with PBS, resuspended in 400 µl of PI/RNase staining buffer 

(Becton-Dickinson), and incubated in the dark for 30 min. 
Then, the cells were counted on a FACSCalibur (Becton 
Dickinson). The results were analyzed using Cell Quest 
(Becton Dickinson) software.

Western blotting assay. The quantified cell lysates were 
separated by SDS-PAGE, transferred to a PVDF membrane 
(GE Healthcare) and blocked with 5% nonfat milk in 
PBS with 0.1% Tween-20 (PBST). The membranes were 
incubated with primary antibodies overnight at 4 °C and 
then washed with PBST. The membrane was incubated with 
secondary antibody for 1–2 hour(s) at room temperature. 
Immunoreactive bands were detected with horseradish 
peroxidase-conjugated secondary antibodies using the 
Western Lightning Chemiluminescence Reagent (Thermo 
Scientific).

Xenograft assay. Female BALB/c nude mice that were 
6–7-weeks old and weighed 15.2–17.3 g were obtained from 
HFK Biotechnology (Beijing). BT474 cells (1×106 cells per 
mouse, in 100 μl of PBS) were subcutaneously injected to 
the mammary fat pad area of each mouse. When the tumor 
size reached an average volume of 100 mm3, the mice were 
randomly divided into two groups (each group consisted of 
6 mice). Group A was treated with CSN5i-3 100 mg/kg/d; 
Group B was treated with saline as a negative control. The 
animals’ body weights and tumor volumes were recorded 
every three days.

Bioinformatic analysis. The TCGA mRNA sequence 
data [16] (www.cbioportal.com) were applied to estimate the 
relative expression level and prognostic significance of JAB1 
in breast cancer tissue compared with that in normal tissue.

Figure 1. The expression of Jab1 and its correlation with clinical characteristics of breast cancer. A) Compared to its expression in 114 normal tissue 
samples, the expression of Jab1 was higher in 1097 breast cancer tissue samples (p<0.01, cut off value=1.5). B) The DFS rates of patients with higher 
Jab1 expression were shorter than those of the patients with lower Jab1 expression (p<0.01). C) Western blot showed that the expression of Jab1 in 
breast cancer tissues was higher than that in normal tissues from three breast cancer patients.
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Statistical analysis. Data are presented as the mean ± 
standard deviation (SD). Data were analyzed by one-way 
ANOVA followed by the Scheffe and Tukey tests using SPSS 
19.0 software. Significance was indicated by p<0.05.

Results

Jab1 is overexpressed and correlated with poor prognosis 
in breast cancer. To investigate the expression of Jab1 and 
its potential role in breast cancer, we analyzed the TCGA 
mRNA sequence data and found that Jab1 was significantly 
overexpressed in breast cancer tissue (p<0.001) (Figure 1A), 

and the disease-free survival rate (DFS) of the patients with 
higher levels of Jab1 expression were shorter than that of 
patients with lower Jab1 levels (p<0.05) (Figure  1B). These 
data indicated that Jab1 might be a potential therapeutic 
candidate in breast cancer.

The Jab1 inhibitor CSN5i-3 suppresses the prolifera-
tion of human breast cancer cells. To detect the anticancer 
effect of CSN5i-3 in breast cancer cells, the BT474 and 
SKBR3 human breast cancer cell lines were treated with the 
indicated concentrations of CSN5i-3 for 3 days. An MTS 
assay was then performed to detect the effect of CSN5i-3 on 
cell proliferation. As shown in Figure 2 CSN5i-3 treatment 

Figure 2. The effect of CSN5i-3 on cell proliferation in human breast cancer cells. After treatment with the indicated concentrations of CSN5i-3 for 3 
days, the proliferation of BT474 and SKBR3 cells was significantly suppressed in a dose-dependent manner, and the IC50 was 2.37±1.15 μM in BT474 
cells and 1.67±1.11 μM in SKBR3 cells.

Figure 3. The apoptosis induction effect of CSN5i-3 in human breast cancer cells. A) BT474 and SKBR3 cells were treated with 2 μM of CSN5i-3 for 24 
hours, and Annexin V/PI staining was performed to detect the apoptosis induction effect using flow cytometry. B) In the BT474 cells, the apoptosis rate 
was 19.23±0.9939% in the treated group (p<0.01), and in the SKBR3 cells, the apoptosis rate was 61.90±2.848% in treated group (p<0.01), which were 
higher than the values observed in the control groups (** indicates that the p-value was less than 0.001).
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Figure 4. The cell cycle distribution effect of CSN5i-3 in human breast cancer cells. A) PI staining indicated that the 2 μM CSN5i-3 exposure resulted in 
a significant G1 phase arrest in both BT474 and SKBR3 cells. B) After treatment with CSN5i-3 for 24 hours, the ratio of cells in the G1 phase was sig-
nificantly higher than that in the control groups in the BT474 (82.22±0.51% vs 68.31±0.095%, p<0.01) and SKBR3 (81.82±0.4452% vs 56.13±0.7632%, 
p<0.01) cells (** indicates that the p-value was less than 0.001).

Figure 5. The effect of CSN5i-3 treatment on the expression of Jab1, p27 
and cleaved PARP. After treated with CSN5i-3 for 24 hours, the expres-
sion of Jab1 was reduced and the protein levels of the cell-cycle-related 
protein p27 and the apoptosis marker cleaved PARP were significantly 
increased in the BT474 and SKBR3 cells.

suppressed the proliferation of breast cancer cells in a dose-
dependent manner, and the IC50 was 2.37±1.15 μM in BT474 
cells and 1.67±1.11 μM in SKBR3 cells. Based on our data, 
targeting Jab1 can significantly inhibit the proliferation of 
breast cancer cells.

The Jab1 inhibitor CSN5i-3 significantly induces cell 
apoptosis in human breast cancer cells. Then, we tested the 
apoptosis induction effect of CSN5i-3 in breast cancer cells. 

We treated BT474 and SKBR3 cells with 2 μM CSN5i-3 for 
24 hours and found that Jab1 inhibition led to significantly 
enhanced apoptosis in both cell lines (Figure 3).

The Jab1 inhibitor CSN5i-3 leads to G1 phase arrest 
in human breast cancer cells. Based on our data, CSN5i-3 
might be a potential therapeutic agent for breast cancer 
patients. We examined whether CSN5i-3 affects the cell cycle. 
PI staining was performed to detect the cell cycle distribution 
after CSN5i-3 treatment and showed that CSN5i-3 led to a 
notable G1 phase arrest in BT474 and SKBR3 cells (Figure 4).

The Jab1 inhibitor CSN5i-3 increases the expression 
of cleaved-PARP and p27 in human breast cancer cells. 
To understand the potential mechanism involved in the 
anticancer effect of CSN5i-3, Western blot was performed 
in BT474 and SKBR3 cells treated with 2 μM CSN5i-3 for 
24 hours. The western blot results showed that CSN5i-3 
reduced the level of Jab1 and increased the levels of the 
apoptosis marker cleaved-PARP and the cell-cycle-related 
protein p27 in BT474 and SKBR3 cells (Figure 5). These 
data further proved the anticancer effect of CSN5i-3 in 
breast cancer cells.

CSN5i-3 oral administration inhibits BT474 xenograft 
growth in nude mice. To test the anticancer activity of 
CSN5i-3 in vivo, we subcutaneously injected the BT474 cells 
into the mammary fat pad area of the BALB/c nude mice to 
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Figure 6. The tumor growth suppression effect of CSN5i-3 in human breast cancer cells in vivo. A) After treatment with CSN5I-3 for 21 days, we found 
that CSN5i-3 significantly suppressed the growth of BT474 tumors in mice (p<0.01). B) The weights of all the mice were measured, which showed that 
CSN5i-3 had limited effect on the weight of the mice (23.23±0.61 vs 22.54±0.38, p>0.05). C) After all mice were sacrificed, the tumor weights in both 
groups were measured. The mean tumor weights were 2007±141.9 mg in the control group and 183.3±14.53 mg in the treatment group (p<0.01).

establish a xenograft model. We showed that CSN5i-3 oral 
administration (100 mg/kg/d) significantly inhibited the 
growth of the BT474 xenograft tumor (Figures 6A and 6C). 
Additionally, we recorded the weight of the mice, and found 
that CSN5i-3 treatment had a limited effect on the weight of 
the mice (Figure 6B). Taken together, our data demonstrated 
that CSN5i-3 treatment inhibited the growth of breast cancer 
tumors, and its toxicity was tolerable.

Discussion

Jab1 is considered a multifunctional protein that plays 
important roles in several vital biological processes, including 
DNA damage, cell proliferation, immune response and 
chemotherapy resistance [20]. In addition, Jab1 is frequently 
amplified/overexpressed in numerous cancer types, including 
gastric cancer, ovary cancer and breast cancer [17]. Previous 
researchers have reported that Jab1 knockdown suppressed 
cell proliferation and induced apoptosis in several malignant 
cells. Based on these important roles, it is logical to develop 
a specific drug targeting Jab1 in cancer cells [21]. CSN5i-3 
is the first artificially synthesized Jab1-specific inhibitor and 
shows potent anticancer effects in several cancer cell lines 
[19]. However, the therapeutic effect of CSN5i-3 has not been 
studied in breast cancer.

Although the prognosis of breast cancer patients has been 
largely improved due to the development of clinical strategies 
and the emergence of novel therapeutic drugs, some patients, 
such as triple negative breast cancer patients, still demonstrate 
poor clinical outcomes. Promising therapeutic targets are still 
needed. In our study, we revealed the potent anticancer effect 
of the Jab1 inhibitor CSN5i-3 in human breast cancer cells in 
vitro and in vivo and showed that CSN5i-3 treatment signifi-
cantly induced apoptosis and increased the level of apoptosis 
marker cleaved PARP. In addition, our data also revealed that 
CSN5i-3 treatment had limited effect on the weight of mice, 
which indicated that the CSN5i-3 toxicity was tolerable. This 
is important for the further evaluation of this drug. Further-

more, we found that CSN5i-3 exposure induced G1 phase 
arrest, which might explain the anticancer effect of CSN5i-3 
in breast cancer cells. Previous studies revealed that Jab1 can 
bind p27 and promote cell proliferation by leading to rapid 
nuclear export and subsequent degradation of p27 [22]. 
Our data also showed that CSN5i-3 treatment suppressed 
Jab1 expression and increased p21 expression, which might 
explain the G1 phase arrest caused by CSN5i-3 treatment.

In summary, we provide a series of data to prove that the 
Jab1 inhibitor CSN5i-3 might be a potent anticancer agent 
for breast cancer treatment. Further experiments are still 
needed to elucidate the potential underlying mechanisms by 
which CSN5i-3 inhibits proliferation and induces apoptosis 
in breast cancer cells.
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