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Jab1 is a coactivator of AP-1 transcription factor and the fifth subunit of the COP9 signalosome. This protein is
a potential oncogene and is involved in the mediation of nuclear exportation and degradation of the tumor
suppressor p27Kip1. However, control of Jab1 gene expression and its de-regulation in cancer cells are largely
unknown. In this study, we demonstrated that Jab1 is overexpressed in 53 (80.3%) of a series of 66 human
breast tumor tissues. In addition, its expression is significantly correlated with HER-2/neu overexpression
(P¼ 0.0318). HER-2/neu-overexpressing MDA-MB-453 human breast cancer cells exhibited higher expression of
Jab1 than that of MCF-7 breast cancer cells. Promoter activity assay suggested that HER-2/neu oncogene
upregulated Jab1 via transcriptional activation. Inhibition of HER-2/neu activity by Herceptin or AG825
significantly attenuated Jab1 expression in HER-2/neu-overexpressing MDA-MB-453 cells. On the contrary,
ectopic expression of HER-2/neu stimulated Jab1 expression in MCF-7 cells. Knockdown of Jab1 expression by
siRNA resulted in p27Kip1 upregulation and G1 growth arrest in Jab1-overexpressing MDA-MB-453 cells. Taken
together, our results suggest that Jab1 is a downstream target for HER-2/neu and its overexpression is linked
with HER-2/neu expression in breast cancer.
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Jab1 was originally identified as a coactivator of AP-1
transcription factor and is an important determi-
ner for the specificity of activation of target genes by
AP-1 proteins.1 Subsequent studies found that Jab1
is also the fifth component of the COP9/signalosome
complex.2,3 Recently, a new biological function
of Jab1 has been suggested. Tomoda et al4 showed
that Jab1 physically interacted with p27Kip1 and en-
hanced its cytoplasmic translocation which resulted
in acceleration of p27Kip1 degradation via the
ubiquitin/proteasome pathway. Because p27Kip1 is
a typical cyclin-dependent kinase (CDK) inhibitor
and a potential tumor suppressor gene, reduction of
p27Kip1 may induce deregulated cell growth.5,6

Indeed, downregulation of p27Kip1 protein is

frequently found in human cancers including breast,
lung, prostate, gastric, skin, colon and ovarian
cancer and is usually correlated with poor clinical
outcome.7–13 In addition, study of primary tumor
tissues also demonstrated that expression of p27Kip1

and Jab1 is inversely correlated in several types of
human cancer.14–16 However, the mechanism of Jab1
deregulation in cancer cells is largely unknown.

The HER-2/neu oncogene (also known as erbB2)
encodes a trans-membrane glycoprotein, which
belongs to the human epidermal growth factor
receptor family.17,18 Amplification and overexpres-
sion of HER-2/neu was found in numerous cancers
and upregulation of this oncogene was associated
with increased metastasis and poor prognosis.
Previous studies have uncovered several signaling
pathways including the phosphatidylinositol-3-OH
kinase (PI-3K)/AKT and the mitogen-activated pro-
tein kinase are critical mediators for the oncogenic
activity of HER-2/neu. Two recent studies showed
that HER-2/neu induces downregulation of p27Kip1

via different mechanisms.19,20 First, HER-2/neu
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acted through AKT and glycogen synthase kinase-3b
to reduce p27Kip1 protein level. Glycogen synthase
kinase-3b may phosphorylate cyclin D1 and induce
degradation of this protein. Activation of AKT by
HER-2/neu inhibits glycogen synthase kinase-3b
activity and increases the formation of cyclin D1/
CDK4 complex which may sequester p27Kip1 in the
cytoplasm to enhance its turnover.19 Second, HER-2/
neu may induce the association of Jab1 and p27Kip1

thereby facilitating nuclear exportation and degra-
dation of p27Kip1 protein.20 In this study, we
investigated the expression of Jab1 in breast cancer
and tested whether Jab1 may be a potential down-
stream target for HER-2/neu.

Materials and methods

Immunohistochemical Study

Paraffin blocks containing formaldehyde-fixed
breast cancer tissues of 66 cases were obtained from
the Department of Pathology of Chung-Ho Memorial
Hospital of Kaohsiung Medical University. Expres-
sion of HER-2/neu and Jab1 protein was examined
by immunohistochemical staining as described
previously.21 Both the expression level of proteins
and the percentage of positive staining cells were
considered. The intensity of Jab1 staining was
graded as 0 for negative staining and 1–3 for weak,
moderate and strong staining respectively. In addi-
tion, we used 50% as a cutoff to define high vs low
Jab1 expression. Same cutoff value has been used to
define Jab1 overexpression in laryngeal squamous
cell carcinoma and hepatocellular carcinoma.22,23

Low and high expressions were scored as 1 and 2
respectively. A final score was calculated by multi-
plying the intensity score by expression score and
the rating (from 0 to 6) was determined for each case.

Cell Culture and Plasmids

MCF-7 and MDA-MB-453 cells were obtained from
the cell bank of the National Health Research
Institute (Miaoli, Taiwan). Cells were cultured in
DMEM/F12 medium containing 10% charcoal-
stripped fetal calf serum and antibiotics. Luciferase
assay system and pGL3 reporter plasmid were
obtained from Promega (Madison, WI, USA). HER-
2/neu expression vector was kindly provided by
Dr Hung MC (MD Anderson Cancer Center, USA).
Herceptin was obtained from Genetech Inc. (South
San Francisco, CA, USA) and AG825 was purchased
from AG Scientific Inc. (San Diego, CA, USA).

Construction of Human Jab1 Promoter-Luciferase
Reporter

The human Jab1 50-untranslated region was identi-
fied by using the BLAST server at the NCBI and the
human Jab1 cDNA sequence (accession number NM

006837) as a query. A genomic fragment containing
the 50 upstream region of the Jab1 gene was isolated
by PCR amplification from genomic DNA of A549
human lung cancer cells. The primers used are: 50-
AATGGGGAGGGGTGGTAGTG-30 (forward) and 30-
CTTGCTGCTGTTTCTTGTCG-50 (reverse). The DNA
fragment was subcloned into the pGL3 basic
reporter plasmid and the nucleotide sequence of
the clone was sequenced. The sequence matched
perfectly to the 50 upstream sequence of the human
Jab1 cDNA located on chromosome 8 and contained
the human Jab1 promoter region (1965 bp upstream
of the transcription start site).

Promoter Activity Assay

Promoter activity of Jab1 gene was analyzed as
described previously.24.In brief, cells were plated
onto 6-well plates at a density of 100 000 cells per
well and grown overnight. Cells were transfected
with 2mg of Jab1 promoter-luciferase constructs and
1mg of CMV-b-galactosidase plasmid. After transfec-
tion, cells were incubated in 10% fetal calf serum
medium containing various drugs for 48h and
luciferase activity was determined and normalized
for b-galactosidase activity. For some experiments,
HER-2/neu expression vector was cotransfected
with Jab1 promoter-luciferase construct and promo-
ter activity was assayed at 48 h after transfection.

RNA Extraction and Reverse Transcription-
Polymerase Chain Reaction

Total RNA was isolated from cells and Jab1 expres-
sion was examined by using OneStep RT-PCR kit as
described previously.24 Glyceraldehyde-3-phosphate
dehydrogenase (GAPDH) was used as an internal
control to check the efficiency of cDNA synthesis
and PCR amplification. cDNA synthesis was per-
formed at 501C for 30min and the condition for PCR
was 25 cycles of denaturation (941C/1min), anneal-
ing (601C/1min), extension (721C/1min) and 1 cycle
of final extension (721C/10min). The primers used
were: Jab1-forward: 50-ATGCAGGAAGCGCAG AGT
AT-30, Jab1-reverse: 50-ACCCATCACTTCCAAGTTG
C-30, GAPDH-forward, 50-GAGTCAACGGATTTGGT
CGT-30; and GAPDH-reverse, 50-TGTGGTCATGAGT
CCTTCCA-30. After reaction, PCR products were
separated on a 2% agarose gel, stained with
ethidium bromide and visualized under UV light.

Western Blot Analysis

After treatments, cells were harvested in a lysis
buffer and equal amount of proteins was subjected
to SDS-polyacrylamide gel electrophoresis as de-
scribed previously.24.Proteins were transferred to
nitrocellulose membranes and the membranes were
probed with different primary antibodies. Enhanced
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chemiluminescence reagents were used to depict
the protein bands on the blots. Jab1, antibody was
obtained from Santa Cruz (Santa Cruz, CA, USA)
and anti-HER-2/neu antibody was from Calbiochem
(Cambridge, MA, USA). Anti-actin antibody was
obtained from Chemicon (Temecula, CA, USA).

siRNA Treatment and Cell Growth Assay

Jab1 small interfering RNA (siRNA) 50-GAGUUU
GUUCCCGUGGUGCUU-30 (sense strand) and a non-
specific RNA 50-GCACCACGGGAACAAACUCUU-30

(sense strand) were synthesized (Dharmacon Re-
search Inc. Huston, TX, USA). MDA-MB-453 and
MCF-7 cells were transfected with control or Jab1
siRNA by using the LipofectAMINE reagent. Cells
were received a second transfection after 12 h and
maintained in 10% fetal calf serum medium for
another 60h. Effect of siRNA on cell cycle-distribu-
tion was studied by flow cytometry as described
previously.25

Preparation of Subcellular Fractions

To study the subcompartmental differences, MDA-
MB-453 cells transfected with control or Jab1 siRNA
were harvested at 48 h after transfection. Cells
were lysed in buffer A (10mM 4-(2-hydroxyethyl)-
1-piperazineethanesulfonic acid, 1.5mM MgCl2,
10mM KCl, 300mM sucrose, 0.5% NP-40, 1mM

dithiothretol, pH7.9) with proteinase inhibitors for
10min on ice. Nuclei were harvested by centrifuga-
tion and supernatants (cytoplasmic fractions) were
collected. Nuclear pellet were resuspended in Buffer
B (20mM 4-(2-hydroxyethyl)-1-piperazineethanesul-
fonic acid, 1.5mM MgCl2, 420mM NaCl, 0.2mM

ethylenediaminetetraacetic acid, 20% glycerol,
1mM dithiothretol, pH7.9) with proteinase inhibi-
tors for 30min on ice for extraction of nuclear
proteins. Nuclear extracts were diluted with equal
volume of buffer D (20mM 4-(2-hydroxyethyl)-1-
piperazineethanesulfonic acid, 10mM KCl, 0.2mM

ethylenediaminetetraacetic acid, 25% glycerol,
1mM dithiothretol, pH7.9) and subjected to centri-
fugation to remove debris. The supernatants were
collected as the nuclear fractions.

Statistical Analysis

The association between the expression of Jab1 and
HER-2/neu or other tumor characteristics was
assessed using w2 or Fisher’s exact test. Statistical
significance was defined as Po0.05.

Results

HER-2/neu and Jab1 were Coexpressed in Human
Breast Cancer Tissues

We first examined the expression of Jab1 in human
breast tumor tissues. Our results showed that

positive Jab1 staining was detected predominantly
in the nucleus. However, some positive signals were
also observed in the cytoplasm. Overexpression of
Jab1 was found in 53 (80.3%) of a series of 66 human
breast tumor tissues. We next studied the associa-
tion between Jab1 and clincopathological character-
istics. Jab1 protein level in breast cancer tissues with
low HER-2/neu expression (score 0–1) was very low
(Figure 1a). In contrast, high protein level of Jab1
was detected in tumor tissues with HER-2/neu
overexpression (score 3) (Figure 1b). Statistical
analysis clearly demonstrated a positive correlation
between HER-2/neu and Jab1 expression in breast
tumor tissues (P¼ 0.0318, Table 1). Our data also
showed that Jab1 expression was not associated
with histological grade and stage (Table 2). However,
a marginal correlation between Jab1 and estrogen
receptor or progesterone receptor was found.

HER-2/neu Upregulated Jab1 via Transcriptional
Activation in Human Breast Cancer Cells

We next studied whether Jab1 is a downstream
target for HER-2/neu in human breast cancer cells.
As shown in Figure 2a, MDA-MB-453 breast cancer
cells, which exhibited HER-2/neu overexpression
expressed higher Jab1 mRNA level than that of MCF-
7 cells, which expressed low level of HER-2/neu.
The Jab1 promoter activity was also higher in MDA-
MB-453 cells (Figure 2b). These data suggested that
HER-2/neu might directly upregulate Jab1 via
transcriptional activation in breast cancer cells. To
verify this issue, we ectopically expressed constitu-
tively active HER-2/neu oncogene in MCF-7 cells
and investigated Jab1 expression in these cells. We
found that Jab1 promoter activity and mRNA were
increased by HER-2/neu (Figure 3a and b). In
consistent with these data, Jab1 protein level was
also increased in MCF-7 transfected with HER-2/neu
expression vector (Figure 3c). Our results suggested
that Jab1 is a downstream target for HER-2/neu in
human breast cancer cells.

Inhibition of HER-2/neu Attenuated Jab1 Expression
in Human Breast Cancer Cells

To further confirm the functional role of HER-2/neu
on the regulation of Jab1, we investigated the effect
of the anti-HER-2/neu antibody Herceptin and the
selective HER-2/neu kinase inhibitor AG825 on the
expression of Jab1 in HER-2/neu- overexpressing
MDA-MB-453 cells. Our results clearly demon-
strated that Herceptin and AG825 inhibited Jab1
promoter activity (Figure 4a) and mRNA expression
(Figure 4b) in MDA-MB-453 cells. Similarly, Jab1
protein level was also attenuated by these two drugs.
These results indicated that HER-2/neu functions
as an upstream regulator for Jab1 in human breast
cancer cells.
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Knockdown of Jab1 Induced p27Kip1 Upregulation and
G1 Growth Arrest in HER-2/neu-overexpressing
MDA-MB-453 Cells

To address the importance of Jab1 in HER-2/neu-
induced cell growth, we suppressed the expression
of Jab1 in MDA-MB-453 by siRNA and examined its
effect on cell growth. Our results showed that our
designed siRNA effectively downregulated Jab1
protein level in MDA-MB-453 and MCF-7 cells
(Figure 5a). As shown in Figure 5b, about 50% of
MDA-MB-453 cells treated with nonspecific RNA
were at the G1 phase. The percentage of cells at G1

phase was increased to 70% and cells at S phase
were reduced to about 12%. On the contrary, only
very minor change of cell cycle distribution was
observed in MCF-7 cells treated with Jab1 siRNA
because these cells expressed low level of Jab1.

Table 1 Correlation between the expression of HER-2/neu and
Jab1 in breast cancer tissues

HER-2/neu
expression

Case
number

Jab1 expressiona

Scoreo4
(%)

ScoreZ4
(%)

0–1 34 10 (29.4) 24 (70.6)
3 32 3 (9.4) 29 (90.6) P¼0.0318

a
The intensity of Jab 1 staining was graded as 0 for negative staining
and 1–3 for weak, moderate and strong staining respectively. Low and
high expressions were scored as 1 and 2 respectively. A final score
was calculated by multiplying the intensity score by expression score
and the rating (from 0 to 6) was determined.

Figure 1 Correlation of the expression of HER-2/neu and Jab1 in human breast tumor tissues. (a) Weak immunostaining of Jab1 (intensity
score 1) in a tumor tissue with no HER-2/neu overexpression (intensity score 0). (b) Strong immunostaining of Jab1 (intensity score 3) in a
tumor tissue with strong HER-2/neu expression (intensity score 3).

Table 2 Correlation between Jab1 expression and tumor
characteristics

Tumor
characteristics

Case
number

Jab1 expressiona

Scoreo4
(%)

Score44
(%)

Histological grade
I–II 41 8 33 P¼0.248
III–IV 25 5 20

Stage
I–I 44 7 37 P¼0.140
III–IV 22 6 16

Estrogen receptor
� 26 8 18 P¼0.068
+ 40 5 35

Progesterone receptor
� 26 8 18 P¼0.068
+ 40 5 35

a
Jab1 expression was scored as described in Table 1.
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Our immunohistochemical study revealed that Jab1
staining was detected both in nucleus and cyto-
plasm. Therefore, we studied the effect of Jab1
siRNA on the expression of Jab1 and p27Kip1 in
nucleus and cytoplasm. The purity of nuclear and
cytoplasmic proteins extracted was good because
the nuclear fraction contained enriched nuclear
marker cyclin-dependent kinase 6 while the cyto-
plasmic fraction had enriched cytoskeleton actin
(Figure 5c). We found that Jab1 siRNA caused
reduction of nuclear Jab1. Importantly, the nuclear
level of p27Kip1 was significantly increased after
knockdown of Jab1. The increase of nuclear p27Kip1

correlated with its biological activity, which might
form a complex with cyclin/CDK and induce G1
growth arrest (as found in Figure 5b). Similarly, the
cytoplasmic Jab1 was also reduced by this specific
siRNA. Downregulation of Jab1 attenuated its ability
to induce nuclear exportation of p27Kip1. Indeed, our
data showed that cytoplasmic p27Kip1 was reduced.
As shown in Figure 6c, the cytoplasmic p27Kip1 level
was much higher than that of nuclear p27Kip1 in
control siRNA-treated MDA-MB-453 cells. On the
contrary, the cytoplasmic and nuclear levels of
p27Kip1 were reversed by Jab1 siRNA. So, the
cytoplasmic Jab1 expression is of functional con-
sequence. Collectively, we found that knockdown of

Jab1 preferentially inhibited the progression of Jab1-
overexpressing MDA-MB-453 cells.

Discussion

Recent studies suggest that Jab1 is a potential
oncogene and may play critical roles in tumori-
genesis. Jab1 has been shown to induce p27Kip1 nuclear
exportation and degradation to promote cell prolif-
eration.4 Jab1 may trigger the proteolysis of the
tumor suppressor p53 and exhibit tumor-promoting
activity in cells.26 In addition, Jab1 interacts directly
with Smad4 and induces its degradation via the
ubiquitin/ proteasome pathway which leads to
attenuation of transforming growth factor-b-induced
gene transcription.27 Because transforming growth
factor-b exhibits anti-cancer activity in the early
stages of tumorigenesis, inhibition of transforming
growth factor-b signaling pathway by Jab1 may
promote tumor formation. Jab1 also binds hypoxia
inducible factor-1, prevents its degradation and
enhances its transcriptional activity.28 Upregulation

Figure 2 Increase of Jab1 expression in HER-2/neu-overexpres-
sing human breast cancer cells. (a) MCF-7 (MCF) and MDA-MB-
453 (453) human breast cancer cells cultured in 10% fetal calf
serummedium. Total RNAwas also extracted from these cell lines
and expression of Jab1 was investigated by RT-PCR. The ratio of
Jab1/GAPDH of MCF-7 cells was defined as 1. (b) Jab1 promoter-
luciferase construct was transfected into these two cell lines and
luciferase activity was assayed at 48h after transfection. Lucifer-
ase activity of MCF-7 cell was defined as 100%.

Figure 3 HER-2/neu upregulates Jab1 expression in human breast
cancer cells. (a) MCF-7 cells were cotransfected with Jab1
promoter luciferase reporter and control (c) or HER-2/neu
expression vector (HER-2). After 48h, promoter activity was
assayed. The luciferase activity of cells transfected with control
vector was defined as 100%. (b) The Jab1 mRNA level in cells
transfected with control (c) or HER-2/neu (HER-2) expression
vector was also investigated by RT-PCR and GAPDH was used as
internal control. (c) The Jab1 protein level in cells transfected
with control (c) or HER-2/neu (HER-2) expression vector was also
investigated by western blotting.
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of hypoxia inducible factor-1 by Jab1 in turn
stimulates the expression of vascular endothelial
growth factor, a major hypoxia inducible factor-1
target, to enhance tumor angiogenesis. These data
suggest that Jab1 is a tumor promoter. Indeed,
inhibition of Jab1 expression reduced cell growth
of several types of human cancer.29–31

However, the mechanisms that enhance Jab1
overexpression in cancer cells are unclear. A
previous study demonstrated that Jab1 overexpres-
sion in human hepatocelular carcinoma tissues is
due to increase of gene copy number. So, gene
amplification is one of the mechanisms that cause
Jab1 deregulation in cancer. In this study, we find
that Jab1 is a downstream target of HER-2/neu
oncogene and is upregulated via enhancement of
gene transcription in human breast cancer. Several
evidences support this conclusion. First, pathologi-
cal investigation indicated that Jab1 expression is
strongly associated with HER-2/neu overexpression.
In contrast to our results, Esteva et al32 reported
that no correlation is detected between expression of
HER-2/neu and Jab1. The discrepancy may be due to
the scoring method. In their study, Esteva et al32

observed both cytoplasmic and nuclear stating of
Jab1. However, they only focused on nuclear Jab1
and showed that HER-2/neu expression is not

Figure 5 Inhibition of cell-cycle progression by Jab1 siRNA. (a) MDA-MB-453 and MCF-7 cells were transfected with nonspecific (N) or
Jab1 siRNA as described in the Materials and Methods. Total RNAwas isolated and Jab1 expression was investigated by RT-PCR. (b) Cells
treated with nonspecific RNA (’, black bar) or Jab1 siRNA (&, white bar) were also harvested for analysis of cell-cycle distribution by
flow cytometry. The percentages of cells at different phases were expressed Mean±s.d. (c) Total cellular proteins or nuclear and
cytoplasmic fractions of cells transfected with nonspecific (N) or Jab1 siRNAwere prepared and the protein level of Jab1 and p27Kip1 was
assessed by western blot analysis. Cyclin-dependent kinase 6 and actin were used as marker proteins for the identification of protein
purification.

Figure 4 Inhibition of HER-2/neu activity attenuated Jab1
expression in HER-2/neu-overexpressing MDA-MB-453 cells.
(a) MDA-MB-453 cells were transfected with Jab1 promoter-luciferase
reporter plasmid and treated with 0.05% DMSO (c), AG825 (AG,
50mM) or Herceptin (H, 20mg/ml). Promoter activity was assayed
at 48h after transfection. The luciferase activity of cells treated
with 0.05% DMSO was defined as 1. (b) The Jab1 mRNA level in
cells treated with drugs was investigated by RT-PCR and GAPDH
was used as internal control. (c) The Jab1 protein level in cells
treated with drugs was also investigated by western blotting.
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associated with nuclear Jab1. On the contrary, we
scored the intensity and the number of cancer cells
with positive staining in the nucleus and cytoplasm.
In fact, Jab1 exhibits important biological activity
in both subcellular locations. Jab1 in the nucleus
functions as transcription coactivator and may
interact and modulate the activity of steroid recep-
tors as demonstrated previously.33,34 Our results
indeed demonstrated a marginal correlation be-
tween Jab1 and estrogen receptor or progesterone
receptor (Table 2). The functional interaction be-
tween steroid receptors and Jab1 received much
attention recently. Chauchereau et al34 firstly re-
ported that Jab1 interacted with progesterone recep-
tor and its coactivator SRC-1 which resulted in
stabilization of the progesterone receptor/SRC-1
complex. Subsequently, Callige et al33 showed that
Jab1 was involved in ligand-dependent degradation
of estrogen receptor by the proteasome. These data
suggested that Jab1 might modulate the transcrip-
tional activity of steroid receptors. Although the
biological importance of the interaction between
Jab1 and steroid receptors (especially estrogen
receptor) in vivo is still unclear, elucidation of this
interaction may contribute to the understanding of
breast tumorigenesis and provide new strategies for
cancer treatment. In cytoplasm, Jab1 may function
as signal transducer, which can modulate various
signaling pathways. Thus, we think both nuclear
and cytoplasmic Jab1 should be considered in
pathological analysis. Otherwise, some important
correlations may be missed. Second, in vitro
transfection assay showed that HER-2/neu directly
activated Jab1 promoter activity and mRNA expres-
sion in MCF-7 cells. Conversely, inhibition of HER-
2/neu by Herceptin or AG825 significantly down-
regulated Jab1 promoter activity and mRNA expres-
sion in MDA-MB-453 cells. Similar results had been
observed by Le et al35 who demonstrated that
Herceptin inhibited Jab1 expression in different
types of cancer cells. Third, knockdown of Jab1
induced p27Kip1 upregulation and G1 growth arrest
in MDA-MB-453 cells.

Taken together, these results suggest that Jab1 may
be one of the critical mediators for HER-2/neu to
promote tumorigenesis via modulation of multiple
intracellular signaling pathways and Jab1 may be a
rational target for cancer therapy.
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