
Abstract. Ubiquitin carboxy terminal hydrolase-L1 (UCH-
L1) belongs to the UCH proteases family that deubiqui-
tinates ubiquitin-protein conjugates in the ubiquitin-protea-
some system. Previous research showed that UCH-L1 was
expressed in mouse retinal cells and testicular germ cells, and
its function was associated with apoptosis. But it is still
unclear whether UCH-L1 is concerned with apoptosis in tumor
cells. In order to clarify the role of UCH-L1 in tumor cells,
multi-drug resistance (MDR) human breast carcinoma cell
line MCF7/Adr, that expresses relatively high UCH-L1, and
its parental cell line MCF7, that expresses relatively low
UCH-L1, were chosen for this study. We transfected
pcDNA3.1-UCH-L1 plasmid and UCH-L1 siRNA into MCF7
and MCF7/Adr cells, respectively. Using 3-(4,5-dimethyl-
thiazol-2-yl)-2, 5-diphenyltetrazolium bromide (MTT) assay,
Western blot, Hoechst 33258 staining assay and flow
cytometry, we found that over-expression of UCH-L1 in
MCF7 cells induced apoptosis. On the other hand, silencing
of UCH-L1 in MCF7/Adr cells led to the opposite effect.
Moreover, to explore the mechanism underling these
observations, we further investigated the expression of

phospho-Akt and its downstream signal phospho-IκB-α and
other signal molecules including Fas, Fas-L, Trail, DR4,
DR5, Bax, cytochrome C, active caspase-3, phospho-p53,
phospho-Mdm-2, Bcl-2, Bcl-xL, p21 and p27. The results
indicated that the process of apoptosis triggered by UCH-L1
is, at least in part, probably through Phosphoinositide 3-
kinase (PI3K)/ Akt signal pathway. Our findings suggest
that modulating the ubiquitination and deubiquitination
pathway could be a novel method for tumor therapy.

Introduction

Covalent conjugation of ubiquitin to proteins plays a crucial
role in a wide variety of biological processes, including the
cell cycle, cell proliferation, development, apoptosis, signal
transduction, and membrane protein internalization (1).
Ubiquitination is reversible, i.e. ubiquitin is recycled by
proteolytic removal from its conjugating protein by deubi-
quitinating enzymes (DUBs), a family of proteases with
exquisite specif ic i ty  for  ubiqui t inated substrates .
Deubiquitination is widely recognized as an important
component of regulatory mechanisms in all ubiquitin-
dependent pathways (2). Ubiquitin carboxy terminal
hydrolase (UCH) is a subclass of DUBs, which catalyzes the
hydrolysis of COOH-terminal ubiquityl esters and amides. It
removes ubiquitin from ubiquitinated cellular proteins,
thereby preventing them from targeted degradation via the
proteasome pathway. One member of the UCH family is
represented by UCH-L1, which is selectively expressed in
the testis/ovary and brain (3-5). Previous work on UCH-L1
function in gracile axonal dystrophy (gad) mice with an exon
deletion for UCH-L1 suggests that these mice are resistant to
apoptotic stress in retinal cells and testicular germ cells (6,7).
This observation is consistent with a recent report that the
over-expression of UCH-L1 induces testicular germ cell
apoptosis in UCH-L1 transgenic mice (8). Recently some
studies showed that UCH-L1 was abnormally expressed in
some tumors, and correlated with cancer cell differentiation,
metastasis and multi-drug resistance (MDR) (9-12). But it is
still unclear whether UCH-L1 is concerned with apoptosis in
tumor cells. Since it is well known that human breast
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carcinoma cell line MCF7 expresses low UCH-L1, and its
MDR counterpart MCF7/Adr expresses relatively high UCH-
L1, to investigate the effect of UCH-L1 on apoptosis in
breast cancer cells, we transfected pcDNA3.1-UCH-L1
plasmid and UCH-L1 siRNA into MCF7 and MCF7/Adr
cells, respectively. Results showed that UCH-L1 inhibited the
growth of breast cancer cells and its action was dependent on
the inducement of cell death, showing the typical chara-
cteristics of apoptosis but not necrosis. These results suggest
that UCH-L1 plays an important role in tumor therapy via
the inducement of apoptosis in breast cancer cells.

Phosphoinositide 3-kinase (PI3K) plays a central role in
a diverse range of cellular responses including cell growth,
survival and malignant transformation (13,14). Akt (also
named protein kinase B) is a downstream signal of PI3K
and a 60 KD serine/threonine kinase and is also a critical
mediator of survival signals to protect cells from apoptosis
(15,16). Activation of the PI3K/Akt pathway in response to
cytokines leads to phosphorylation and activation of the
nuclear factor NFκB p65/RelA subunit, which regulates
expression of anti-apoptotic genes (17,18). To clarify the
mechanism underling our observations in MCF7 and MCF7/
Adr cells, the expression of Akt and phospho-IκB-α was
further investigated and results demonstrated that UCH-L1
induced apoptosis in breast cancer cells, possibly through the
PI3K/Akt pathway.

Materials and methods

Cell culture. The human mammary carcinoma cell lines,
MCF7 and its MDR counterpart MCF7/Adr were cultured in
RPMI-1640 (Gibco-BRL, Karlsruhe, Germany) containing
10% fetal bovine serum (FBS; PAA Laboratories, Linz,
Austria), 100 U/ml penicillin, and 100 μg/ml streptomycin
at 37˚C in a humidified atmosphere containing 5% CO2. All
cultures were discarded after 3 months and new cultures
were obtained from frozen stocks.

Plasmid transfection. MCF7 cells were transfected with
eukaryotic expression vectors pcDNA3.1-UCH-L1 or
pcDNA3.1 empty loading control using Lipofectamine™
2000 (Invitrogen, Carlsbad, CA, USA) following the manu-
facturer's protocol. In brief, 80% confluent cells grown in
100-mm dishes were washed twice with Opti-MEM (Gibco-
BRL) medium before the addition of 25 μg of plasmid DNA
and 60 μl of Lipofectamine 2000 in 3 ml of Opti-MEM media.
After 8-h incubation at 37˚C, 7 ml of medium containing 10%
FBS was added. Incubations were continued at 37˚C for
another 28 h.

RNA interference. MCF7/Adr cells were transfected with
UCH-L1 siRNA duplex oligoribonucleotides (Sense: 5'-AGG
ACU AAC UUC UUG UCC CUU CAG C-3', Anti-sense: 5'-
GCU GAA GGG ACA AGA AGU UAG UCC U-3') or RNAi
negative control duplexes (Invitrogen) using Lipofectamine
2000 following the manufacturer's protocol. In brief, 50%
confluent cells grown in 60-mm dishes were washed twice
with Opti-MEM medium before the addition of 20 nM
UCH-L1 siRNA duplex oligoribonucleotides or 20 nM RNAi
negative control duplexes and 10 μl of Lipofectamine 2000

in 1 ml of Opti-MEM media. After 8-h incubation at 37˚C,
3 ml of medium containing 10% FBS was added. Incubations
were continued at 37˚C for another 40 h.

Immunofluorescence analysis. Cells were seeded, incubated
overnight on sterile cover glasses, and after transfetion,
were washed with phosphate buffered saline (PBS) and
fixed by cold acetone for 8 min at 4˚C. The fixed cells were
washed thrice with PBS and then incubated with anti-UCH-
L1 (Chemicon, Temecula, CA, USA) antibody for 1 h at
37˚C, followed by 45-min incubation at 37˚C with TRITC-
conjugated secondary antibody, finally the nuclei were stained
with Hoechst 33258 (Sigma, St. Louis, MO, USA) for 5 min
at room temperature. The labeled cells were analyzed by
fluorescence microscopy (Zeiss, Oberkochen, Germany). To
detect non-specific antibody binding, cells were incubated
with isotype-match non-specific IgG (R&D, Minneapolis,
MN, USA). The control samples did not show any significant
cell labeling (data not shown).

Reverse transcription and quantitative real-time polymerase
chain reaction. Total RNA of cells was extracted using
Tripure isolation reagent (Invitrogen). The RNA samples
were subjected to reverse transcription (RT) with 2 μg RNA,
Oligo (dT)18, dNTP, and reaction buffer supplied with M-
MLV reverse transcriptase (Promega, Madison, WI, USA).
Quantitative real-time polymerase chain reaction (qRT-PCR)
was then performed in 20 μl solution with 2 μg cDNA and
1 mM of each forward and reverse primer and 2X SYBR-
Green mix (Takara, Shuzo, Kyoto, Japan). Changes in the
mRNA expression level were calculated following
normalization with glyceraldehyde-3-phosphatedehydro-
genase (GAPDH). Relative gene expression was determined
by the fluorescence intensity ratio of the target gene to
GAPDH. The primers used in the real-time PCR reactions
were designed based on information from the human genomic
database. The following are the primers used for the specific
amplification of GAPDH and UCH-L1: GAPDH forward
primer: 5'-AAC GGA TTT GGT CGT ATT G-3', and reverse
primer: 5'-GGA AGA TGG TGA TGG GAT T-3'; UCH-L1
forward primer: 5'-GCC AAT GTC GGG TAG ATG-3', and
reverse primer: 5'-CAA AGT CCC TCC CAC AGA-3'.

Western blot. Cells were harvested and lysed in lysis buffer
[10 mM Tris-HCl, pH 7.4, 150 mM NaCl, 0.5% Nonidet P
(NP)-40, 1 mM ethylene diamine tetra-acetic acid (EDTA),
1 mM Na3VO4 and 1 mM phenylmethylsulfonyl fluoride
(PMSF)]. Proteins (50 μg) were then subjected to standard
sodium dodecyl sulfate-polyacrylamide gel electrophoresis
(SDS-PAGE). For Western blot analysis, proteins were
transferred to polyvinylidene fluoride (PVDF) membranes,
blocked in 5% non-fat milk in 10 mM Tris-HCl, pH 7.5,
100 mM NaCl, 0.1% (w/v) Tween-20 for 1 h. The mem-
branes were first incubated with antibodies against ß-actin
(Sigma), UCH-L1, PCNA (Cell Signaling Technology,
Beverly, MA, USA), Fas (Santa Cruz Biotechnology, Santa
Cruz, CA, USA), Fas-L (Santa Cruz Biotechnology), Trail
(Santa Cruz Biotechnology), DR4 (Santa Cruz Biotech-
nology), DR5 (Affinity Bioreagents, Golden, CO, USA), Bax
(Santa Cruz Biotechnology), cytochrome C (Cell Signaling
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Technology), active caspase-3 (BioVision, Palo Alto, CA,
USA), phospho-p53 (Cell Signaling Technology), phospho-
Mdm-2 (Sigma), Bcl-2 (Santa Cruz Biotechnology), Bcl-xL
(Santa Cruz Biotechnology), p21 (Sigma), p27 (Chemicon),
phospho-IκB-α (Cell Signaling Technology), phospho-specific
and total Akt (Cell Signaling Technology), respectively, over-
night at 4˚C, followed by 1-h incubation with the appropriate
secondary antibody consisting of horseradish peroxidase
(HRP). Detection by enzyme-linked chemiluminescence
(ECL; Pierce, Rockford, USA) was performed according to
the manufacturer's protocol. Controls for protein loading
were identified by ß-actin as the internal standard.

Cell growth curve. For the analysis of cell growth rate, cells
were transfected and plated in 96-well plates at a density of
3x103 cells/well and viable cells were counted from day 1 to
day 9. Every day, cells were stained with 20 μl sterile MTT
dye (Sigma, 5 mg/ml) at 37˚C for 4 h followed by removing
the culture medium and mixing 150 μl of dimethylsulfoxide
(DMSO) thoroughly for 10 min. Spectrometric absorbance at
490 nm was measured with a microplate reader. The results
were obtained from three independent cultures and each
was repeated three times.

Hoechst 33258 staining. Cells were seeded, incubated over-
night on sterile cover glasses, and after transfetion, were
fixed by methanol for 5 min at room temperature. The fixed
cells were washed twice with PBS and then incubated with
Hoechst 33258 for 5 min at room temperature and observed
under fluorescence microscopy using a 4',6-diamidino-2-
phenylindole (DAPI) filter. Fragmented or condensed nuclei
were scored as apoptotic.

Flow cytometry analysis. For induction of cell apoptosis and
detection of cell cycle, cells were scraped from the bottom of
the dish and pooled with the floating cells and centrifuged
at 2,000 rpm for 5 min. Cells were washed with PBS before
fixation in citric acid. After the fixation, cells were sent to be
analyzed for apoptotic ratio and cell cycle by flow cytometry
by propidium iodide (PI) staining of nuclei, which is based
on the principle that after DNA fragmentation permeabilized
cells exhibit a reduced chromatin stainability and access-
ibility to fluorochromes in the Institute of Cell Biology
(Shanghai, P.R. China).

Statistical analysis. Statistics were conducted by SPSS soft-
ware. The results are presented with mean ± standard errors
(SEM). ANOVA and Student's t-test analysis followed by
Dunnett's multiple comparison tests were used to compare
mean values. A probability value of P<0.05 was defined as
statistical significance.

Results

PcDNA3.1-UCH-L1 plasmid and UCH-L1 siRNA caused
specific and effective up- or down-regulation of UCH-L1
expression, respectively. To investigate the role of UCH-L1
in breast cancer cells, firstly we transfected pcDNA3.1-
UCH-L1 plasmid in MCF7 cells that express UCH-L1 in a
relatively low level, and secondly transfected UCH-L1 siRNA

in MCF7/Adr cells that express UCH-L1 in a relatively high
level. The transfection efficiencies of individual transfectants
were initially evaluated using immunofluorescence analysis.
As shown in Fig. 1A, the fluorescence intensity which repre-
sented UCH-L1 expression level in UCH-L1 transfectants
and UCH-L1 siRNA transfectants displayed a significant
promotion or reduction when compared with their negative
controls. In addition, qRT-PCR and Western blot analysis
showed the responsive changes in corresponding transfectants
(Fig. 1B and C).

Elevated expression of UCH-L1 in MCF7 cells resulted in
growth suppression and inducement of apoptosis, whereas
knockdown of UCH-L1 in MCF7/Adr cells led to the opposite
effects. As UCH-L1 has been reported to be associated with
apoptosis in some types of cells, it is essential to understand
whether modulation of UCH-L1 expression has any effects
on breast cancer cell growth and apoptosis. UCH-L1 over-
expressing MCF7 cells and UCH-L1 silencing MCF7/ Adr
cells were therefore examined for growth capacity using
MTT assay. As shown in Fig. 2A, elevated UCH-L1
expression in MCF7 cells suppressed cell growth, while
knockdown of UCH-L1 in MCF7/Adr cells led to the opposite
effect when compared with negative controls. To further
confirm that the effect of UCH-L1 on cell growth was
controlled by affecting proliferation or apoptosis or both
pathways, we measured cell cycle and PCNA protein level
which is associated with cell proliferation and DNA
synthesis during S phase of cell cycle in the cells, and found
that the UCH-L1 over-expressing MCF7 cells and UCH-L1
silencing MCF7/Adr cells did not show significant difference
between their corresponding negative controls (Fig. 2B and
C). Subsequently, we measured possible apoptotic morpho-
logy change and stained with Hoechst 33258. Fluorescence
microscope revealed that as compared with negative controls,
condensed bright apoptotic nuclei were readily observed in
UCH-L1 over-expressing MCF7 cells, while after UCH-L1
siRNA transfection, the apoptotic nuclei were hardly
observed in MCF7/Adr cells (Fig. 2D). To obtain a
quantitative characterization of the apoptotic effect, we
examined the above cells for apoptotic change by measuring
DNA degradation using flow cytometry. Compared with
their negative controls, up-regulation of UCH-L1 expression
in MCF7 cells markedly increased the fraction of apoptotic
cells, while down-regulation of UCH-L1 expression in
MCF7/Adr cells led to the opposite effect (Fig. 2E).

Regulation of pro-apoptotic, anti-apoptotic and cyclin-
dependent kinase inhibitory proteins levels by UCH-L1 in
MCF7 cells. To obtain clues to the mechanism by which
elevated expression of UCH-L1 induces apoptosis in MCF7
cells, lysates from UCH-L1 over-expressing MCF7 cells
and negative controls were prepared and Western blot was
carried out. Results of multiple Western blot analysis showed
that pro-apoptotic factors, Fas, Fas-L, Trail, DR4, DR5, Bax,
cytochrome C, active caspase-3 and phospho-p53 levels were
remarkably higher (Fig. 3A), anti-apoptotic factors, phospho-
Mdm-2, Bcl-2 and Bcl-xL levels were significantly lower
(Fig. 3B), cyclin-dependent kinase inhibitor p21 level was
elevated, while p27 level was reduced (Fig. 3C) in UCH-L1
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Figure 1. Production of UCH-L1 mRNA and protein in MCF7, MCF7/Adr cells were up- or down-regulated after transfecting with pcDNA3.1-UCH-L1
plasmid and UCH-L1 siRNA, respectively. (A) Transfection efficiencies identified by immunofluorescence, the nuclei were stained with Hoechst 33258.
All fields are representative of multiple fields observed in three independent experiments. (B) UCH-L1 mRNA assessed by quantitative real-time poly-
merase chain reaction (qRT-PCR), GAPDH served as the internal standard. Each bar indicates the mean of normalized UCH-L1 mRNA ± SEM of three
independent experiments. **P<0.05 vs. control cells. (C) UCH-L1 protein assessed by Western blot, ß-actin served as control for sample loading. Results are
representative of three similar experiments.

1037-1045  10/10/08  11:33  Page 1040



INTERNATIONAL JOURNAL OF ONCOLOGY  33:  1037-1045,  2008 1041

Figure 2. Effects of UCH-L1 on the growth and apoptosis in MCF7 and MCF7/Adr cells. MCF7 and MCF7/Adr cells were transfected with pcDNA3.1-UCH-
L1 plasmid and UCH-L1 siRNA, respectively. (A) Cells growth curve measured by 3-(4,5-dimethylthiazol-2-yl) -2,5-diphenyltetrazolium bromide (MTT)
assay. Each point indicates the mean of spectrometric absorbance ± SEM of three independent experiments. (B) Cells cycle analyzed by flow cytometry.
Each bar indicates the distribution of cells cycle. (C) PCNA protein assessed by Western blot, ß-actin served as control for sample loading. Results are
representative of three similar experiments. (D) Cells morphological change detected by Hoechst 33258 staining. All fields are representative of multiple
fields observed in three independent experiments. (E) Cells apoptotic ratio analyzed by flow cytometry. Each bar indicates the mean of cell apoptosis ± SEM
of three independent experiments. **P<0.05 vs. control cells.
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transfectants than in MCF7 cells and their empty loading
control transfectants.

Effects of UCH-L1 siRNA on pro-apoptotic, anti-apoptotic
and cyclin-dependent kinase inhibitory protein levels in
MCF7/Adr cells. To further confirm the role of UCH-L1 in
breast cancer cell apoptosis, we used MCF7/Adr derived
cells in which over-expression of UCH-L1 was suppressed
by transfection of UCH-L1 siRNA. Western blot analysis
revealed that protein levels of pro-apoptotic factors, Fas,
Fas-L, Bax, cytochrome C, active caspase-3 and phospho-p53
were notably lower, while Trail, DR4 and DR5 showed no
changes (Fig. 4A), anti-apoptotic factors, phospho-Mdm-2,
Bcl-2 and Bcl-xL were significantly higher (Fig. 4B), cyclin-
dependent kinase inhibitor p21 was decreased, while p27
was increased (Fig. 4C) in UCH-L1 silencing transfectants
than in their negative controls.

PI3K/Akt pathway is possibly involved in the process of cell
apoptosis induced by over-expression of UCH-L1 in MCF7 or
suppressed by UCH-L1 siRNA in MCF7/Adr cells. PI3K/Akt
pathway is one of the main signal pathways involved in
breast cancer cell growth (19). To investigate the function
role of the PI3K/Akt pathway in the process of cell apoptosis,
we examined the expression of phosphospecific-Akt and
total Akt in UCH-L1 over-expressing MCF7 cells and UCH-
L1 silencing MCF7/Adr cells, respectively. As a result, we
found that elevated UCH-L1 expression in MCF7 cells

blocked phospho-Akt expression, while knockdown of UCH-
L1 in MCF7/Adr cells led to the opposite effect when
compared with their corresponding controls (Fig. 5A). We
further examined the downstream signal of Akt and noted
that NFκB is held in the cytoplasm as an inactive complex
with inhibitor IκB and remains in an inactivate state without
IκB phosphorylation. We further evaluated the phos-
phorylation of IκB with phospho-IκB-specific antibody. As
shown in Fig. 5B, Western blot analysis showed the
responsive changes in corresponding transfectants.

Discussion

Ubiquitin is a 76-amino acid protein that, as its name implies,
is ubiquitously distributed and highly conserved throughout
eukaryotic organisms. The most widely accepted consequence
of ubiquitination is proteasomal degradation. Ubiquitin
level is controlled by the balance of ubiquitinating enzymes
and DUBs. DUBs are subdivided into UCHs and ubiquitin-
specific processing proteases (USPs). UCH-L1, a member
of UCHs family, has a dual function: a hydrolase activity
that removes small COOH-terminal ubiquitin to generate a
ubiquitin monomer and a dimerization-dependent ubiquitin
ligase activity (20).

UCH-L1 over-expression has been observed in several
forms of cancers. In breast cancer, high UCH-L1 mRNA
level was significantly associated with high histological grade,
negative estrogen receptor (ER) status and progesterone
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Figure 3. Production of pro-apoptotic, anti-apoptotic and cyclin-dependent kinase inhibitory proteins in MCF7 cells transfected with pcDNA3.1-UCH-L1
plasmid. (A) Pro-apoptotic factors, Fas, Fas-L, Trail, DR4, DR5, Bax, cytochrome C, active caspase-3 and phospho-p53 proteins assessed by Western
blot. (B) Anti-apoptotic factors, phospho-Mdm-2, Bcl-2 and Bcl-xL proteins assessed by Western blot. (C) Cyclin-dependent kinase inhibitors, p21 and
p27 proteins assessed by Western blot. ß-actin served as control for sample loading. Results are representative of three similar experiments.
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receptor (PR) status, and indeed, had a poorer prognosis than
those with low UCH-L1 mRNA level (9). To investigate the
role of UCH-L1 in breast cancer, we chose two close
associated mammary carcinoma cell lines, MCF7 and
MCF7/Adr. MCF7/Adr possesses MDR and metastasis
phenotype, and expresses much higher UCH-L1 than MCF7
(12,21,22). It is also well known that MCF7 is an ER positive
and PR positive cell line, while MCF7/Adr is an ER negative
and PR negative cell line. Furthermore, our previous data

indicated that during the development of drug resistance to
adriamycin in MCF7 cells, the promoted expression of MDR1
gene coincided with up-regulation of UCH-L1 and increase
of invasion abilities in vitro. But the detailed role of UCH-
L1 is unclear in these breast cancer cell lines that exhibit
different characteristics. Therefore, we transfected
pcDNA3.1-UCH-L1 plasmid and UCH-L1 siRNA into
MCF7 and MCF7/Adr cells, respectively, then investigated
whether up-regulation of UCH-L1 expression in MCF7 cells
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Figure 4. Production of pro-apoptotic, anti-apoptotic and cyclin-dependent kinase inhibitory proteins in MCF7/Adr cells transfected with UCH-L1 siRNA.
(A) Pro-apoptotic factors, Fas, Fas-L, Trail, DR4, DR5, Bax, cytochrome C, active caspase-3 and phospho-p53 proteins assessed by Western blot. (B)
Anti-apoptotic factors, phospho-Mdm-2, Bcl-2 and Bcl-xL proteins assessed by Western blot. (C) Cyclin-dependent kinase inhibitors, p21 and p27 proteins
assessed by Western blot. ß-actin served as control for sample loading. Results are representative of three similar experiments.

Figure 5. Expression of phospho-Akt, total Akt and phospho-IκB in MCF7 and MCF7/Adr cells transfected with pcDNA3.1-UCH-L1 plasmid and UCH-L1
siRNA, respectively. (A) Phospho-Akt and total Akt proteins assessed by Western blot. (B) Phospho-IκB protein assessed by Western blot. ß-actin served
as control for sample loading. Results are representative of three similar experiments.
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and down-regulation of UCH-L1 expression in MCF7/Adr
cells had different effects on breast cancer cell growth and
apoptosis. Our results revealed that MCF7/Adr cells exhibited
much stronger growth capacity and higher apoptosis
percentage in comparison with MCF7 cells. In addition,
over-expression of UCH-L1 suppressed cell growth and its
action was dependent on the inducement of apoptosis in
MCF7 cells, because cell cycle and PCNA protein level in
UCH-L1 over-expressing MCF7 cells showed no significant
difference between negative controls. In contrast, knockdown
of UCH-L1 in MCF7/Adr cells led to the opposite effects.
Our results clearly demonstrated that UCH-L1 had a
significant effect on inducing apoptosis in breast cancer cells
in vitro.

Although it is the first time that the effect of UCH-L1 on
inducing apoptosis in cancer cells is reported, previous
research has linked inhibition of UCH-L1 function with
suppression of apoptosis in certain types of cells in vivo
(6,7). Apoptosis is an extremely fine-tuned regulatory
network consisting of pro- and anti-apoptotic factors. It has
shown that ubiquitination is one of the major mechanisms
for the regulation of key proteins of the cell apoptotic
machinery, such as p53 and the molecules of Bcl-2 family.
Ubquitin-dependent degradation of pro-apoptotic Bcl-2
family members, Bid, Bax and Bak, has been reported to
promote cell survival (23,24). Moreover, recent studies
suggest that through regulation of monoubiquitin level,
UCH-L1 plays a role in balancing the expression of pro- and
anti-apoptotic proteins (7,25). In our present study, we
investigated the alteration of pro-apoptotic and anti-apoptotic
proteins levels in UCH-L1 over-expressing MCF7 cells and
UCH-L1 silencing MCF7/Adr cells. The results indicated
that probably the extrinsic (Fas, Fas-L, Trail, DR4 and DR5)
and intrinsic (cytochrome C) apoptotic pathways, the
activation of p53 (phospho-Mdm-2 and phospho-p53) and
the Bcl-2 family members (pro-apoptotic member Bax, anti-
apoptotic members Bcl-2 and Bcl-xL) combined with each
other, participating in the process of apoptosis induced by
UCH-L1 in MCF7 cells. Whereas, Trail/DR4 and Trail/DR5
pathways were not involved in the apoptosis suppression
conducted by UCH-L1 siRNA in MCF7/Adr cells.

Progression through the cell cycle is controlled by the
activity of cyclin-dependent kinases (CDKs), which in turn
is regulated by cyclins, CDK-inhibitory proteins (CKIs), and
changes in the phosphorylation status of the CDKs. The
activity of cyclin/CDK complexes is negatively regulated by
the CKIs, which are grouped into two structurally related
families. Of these, p21 and p27 have been most extensively
studied. p21 acts downstream of numerous signaling path-
ways, and can be induced by p53, transforming growth
factor-ß (TGF-ß), and other anti-mitogenic stimuli (26,27).
In tissue culture systems, p21 is up-regulated in proliferating
cells and appears to play a role in governing progression
through the cell cycle (28). p27 is constitutively expressed
in many cells, and may play an important role in governing
the growth factor restriction point by ensuring CDK activity
suppression during G0 and early G1 phase. In addition, p27
has been implicated as a mediator of growth arrest due to
TGF-ß, cAMP, and other extra-cellular factors, and can be
regulated by UCH-L1 (29-31). In order to further confirm

our findings that the role of UCH-L1 on growth suppression
was dependent on the inducement of apoptosis in breast
cancer cells, we measured p21 and p27 levels in UCH-L1
over-expressing MCF7 cells and UCH-L1 silencing
MCF7/Adr cells. The results revealed that p21 and p27
changed contrarily in both cell types, thus, we deduced that
this might be the cause of the unchanged cell cycle in these
cells when compared with their corresponding negative
controls.

In addition, we demonstrated that elevated UCH-L1
expression in MCF7 cells blocked phospho-Akt and phospho-
IκB-α expression, while knockdown of UCH-L1 in MCF7/
Adr cells led to the opposite effect. The PI3K-Akt pathway
acts as a survival (anti-apoptotic) signal and plays a key role
in the regulation of apoptotic change in breast cancer cells.
Akt is a downstream mediator of PI3K and the growth
factor receptor (GFR) stimulation of Akt has been shown
to be dependent on PI3K activity. Akt can exert its anti-
apoptotic effects in several different ways, such as negatively
regulating pro-apoptotic factors, Bad and pro-caspase-9,
stimulating the NFκB survival pathway and suppressing p53
pro-apoptotic signaling by phosphorylation of the oncogene
Mdm-2 (17,18,32,33). Activation of cytoplasmic NFκB
requires the degradation of an inhibitor protein, IκB, which
traps NFκB in the cytoplasm. In response to signals, IκB is
phosphorylated on two Ser residues in its NH2-terminal
regulatory domain, Ser32 and Ser36, and degraded (34).
Our data suggest that PI3K/Akt pathway is possibly
involved in apoptosis in breast cancer cells and blocked by
UCH-L1.

In summary, the present data provide evidence for the
first time that UCH-L1 induces apoptosis in cultured breast
cancer cells in vitro and the apoptotic effect is possibly
through the PI3K/Akt pathway. Further studies are needed to
elucidate the mechanism of UCH-L1 induced apoptosis in
detail.
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