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Abstract
AIM: To investigate the mechanism of calcyclin binding 
protein/Siah-1 interacting protein (CacyBP/SIP) nuclear 
translocation in promoting the proliferation of gastric 
cancer (gc) cells. 

METHODS: The effect of CacyBP/SIP nuclear trans
location on cell cycle was investigated by cell cycle 
analysis. Western blot analysis was used to assess the 
change in expression of cell cycle regulatory proteins 
and proteasome-mediated degradation of p27Kip1. Co-
immunoprecipitation (co-IP) analysis was performed 
to examine the binding of CacyBP/SIP with Skp1. A 
CacyBP/SIP truncation mutant which lacked the Skp1 
binding site was constructed and fused to a fluorescent 
protein. Subsequently, the effect on Skp1 binding 
with the fusion protein was examined by co-IP, while 
localization of fluorescent fusion protein observed by 
confocal laser microscopy, and change in p27Kip1 
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protein expression assessed by Western blot analysis.

RESULTS: CacyBP/SIP nuclear translocation induced 
by gastrin promoted progression of gc cells from G1 
phase. However, while CacyBP/SIP nuclear translocation 
was inhibited using siRNA to suppress CacyBP/SIP 
expression, cell cycle was clearly inhibited. CacyBP/SIP 
nuclear translocation significantly decreased the level of 
cell cycle inhibitor p27Kip1, increased Cyclin E protein 
expression whereas the levels of Skp1, Skp2, and 
CDK2 were not affected. Upon inhibition of CacyBP/SIP 
nuclear translocation, there were no changes in protein 
levels of p27Kip1 and Cyclin E, while p27Kip1 decrease 
could be prevented by the proteasome inhibitor MG132. 
Moreover, CacyBP/SIP was found to bind to Skp1 by 
immunoprecipitation, an event that was abolished 
by mutant CacyBP/SIP, which also failed to stimulate 
p27Kip1 degradation, even though the mutant could 
still translocate into the nucleus.

CONCLUSION: CacyBP/SIP nuclear translocation con
tributes to the proliferation of gc cells, and CacyBP/
SIP exerts this effect, at least in part, by stimulating 
ubiquitin-mediated degradation of p27Kip1.

Key words: Calcyclin binding protein/Siah-1 interacting 
protein; Gastric cancer; Cell cycle; P27kip1; Ubiquitin
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Core tip: Calcyclin binding protein/Siah-1 interacting 
protein (CacyBP/SIP) is a component of the ubi
quitination pathway. Our study showed that defects 
in G1 arrest led to an increase in embryonic fibroblast 
growth rate in SIP-/- mice, and CacyBP/SIP could 
promote G1/S transition of pancreatic cancer cells and 
regulate the glucose limitation-induced p27 degradation. 
In gastric cancer (gc) tissue, CacyBP/SIP was identified 
to be expressed in the nuclei and could translocate into 
the nucleus after induction with gastrin and promote cell 
proliferation; however, the mechanism remains unclear. 
In the present investigation, the mechanism of CacyBP/
SIP nuclear translocation in promoting the growth of gc 
cells was studied.

Niu YL, Li YJ, Wang JB, Lu YY, Liu ZX, Feng SS, Hu JG, 
Zhai HH. CacyBP/SIP nuclear translocation regulates p27Kip1 
stability in gastric cancer cells. World J Gastroenterol 2016; 
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INTRODUCTION
Calcyclin binding protein (CacyBP) was originally 
discovered in Ehrlich ascites tumor cells and mouse 
brain as a calcyclin (S100A6) target protein[1], and 

later identified as a Siah-1 interacting protein (SIP)[2]. 
SIP, a component of ubiquitin-mediated proteolysis, 
binds the Skp1-Cul1-F box protein complex, thus 
called CacyBP/SIP. 

Further investigations showed that CacyBP/SIP could 
bind other S100 proteins, including S100A1, S100A12, 
S100B, and S100P[3], which are the members of EF-
hand Ca2+-binding proteins. Meanwhile, CacyBP/SIP 
can also bind other target proteins including Skp1[2], 
tubulin[4] and ERK1/2[5]. Functionally, some reports have 
suggested the role of CacyBP/SIP in cellular processes 
such as ubiquitination, proliferation, differentiation, 
tumorigenesis, cytoskeletal rearrangement, and regu
lation of transcription. Most of all, CacyBP/SIP was found 
to be closely associated with the malignant phenotypes 
of gastric cancer (gc)[6,7], renal cancer[8], pancreatic 
cancer[9], as well as breast cancer[10]. However, the 
exact function of CacyBP/SIP has not been clarified.

Matsuzawa et al[2] were the first to report that 
CacyBP/SIP is a component of the ubiquitin pathway. 
P53 induces β-catenin degradation through the Siah-
1-CacyBP/SIP-SCF (Skp1/Cullin1/F-box) complex 
pathway, in which CacyBP/SIP exerts its function by 
associating with Skp1. An additional study showed that 
defects in G1 arrest led to an increase in embryonic 
fibroblast growth rate in SIP-/- mice[11]. Recently, it was 
shown that CacyBP/SIP could regulate the glucose 
limitation-induced p27 degradation[12].

Our laboratory was the first to show that CacyBP/
SIP was involved in the multidrug resistance capacity 
of gc cells[13,14]. In our previous studies, CacyBP/
SIP expression profile in a broad range of normal 
and malignant human tissues was analyzed by 
immunohistochemistry (IHC) analysis using an anti-
CacyBP/SIP monoclonal antibody first produced in our 
laboratory[15]. Weak staining was observed in various 
normal tissues. However, CacyBP/SIP was ubiquitously 
detected in most tumor tissues, especially in gc 
tissues[16]. A subsequent study showed that CacyBP/
SIP could translocate into the nucleus after induction 
with gastrin[17]. However, the functional role of CacyBP/
SIP nuclear translocation in gc cells remains unclear.

In the present investigation, the role of CacyBP/
SIP nuclear translocation in gc cells was studied. Our 
results indicate that CacyBP/SIP nuclear translocation 
promotes G1 phase progression by stimulating ubiquitin-
mediated degradation of p27Kip1.

MATERIALS AND METHODS
Cell culture, reagents, and treatment of cells
The human gc cell line SGC7901 (derived from poorly 
differentiated adenocarcinoma) was obtained from 
China Cell Resource Center of Academy of Life Sciences 
(Shanghai). Cells were cultured in RPMI 1640 (HyClone, 
Logan, UT) supplemented with 10% FBS (Sijiqing, 
China), penicillin (100 units/ml) and streptomycin (100 
μg/ml). Stably transfected SGC7901-CacyBP/SIPsi 
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cells were cultured in RPMI 1640 medium containing 
10% FBS and 200 μg/ML G418 (Invitrogen, Carlsbad, 
CA). Nocodazole (Alexis Corporation, Switzerland) was 
added to the culture medium at 0.2 μg/mL to freeze 
cell cultures in mitosis. Gastrin (Sigma, St. Louis, 
MO) was dissolved in RPMI 1640 and used for cell 
treatment.

Cell cycle analysis
Cells were plated at a density of 50000 cells/well in 2 
mL of complete RPMI1640 media in 6-well plates and 
allowed to grow for 24 h until 60%-70% confluence. 
To achieve synchronization, cells were starved in 
serum-free medium for 24 h. Upon return to regular 
growth medium, cells were treated or untreated with 
10-8 mol/L gastrin. After 48 h of culture, cells were 
fixed overnight in 70% ethanol at 4 ℃, and then re-
suspended in a buffer containing propidium iodide (PI). 
After 30 min of incubation, cells were subjected to DNA 
content analysis by flow cytometry (Coulter EPICS XL) 
using CellQuest software. This cell cycle analysis was 
performed in three independent experiments.

Western blot analysis
Treated and untreated cells were lysed in 300 μL 
of freshly prepared extraction buffer [1% SDS, 1 
mmol/L Na3VO4, 150 mmol/L NaCl, 0.1 mol/L Tris 
(pH 7.4)]. To distinguish cytosolic from nuclear 
CacyBP/SIP, cell fractions were extracted using the 
NE-PER nuclear and cytoplasmic extraction kit (Pierce 
Biotechnology, Rockford, IL). Proteins were resolved 
at 40 μg/lane on 12% SDS-polyacrylamide gels 
and electrophoretically transferred to polyvinylidene 
difluoride membranes (Millipore, Bedford, MA) for 
20-50 min at 20 V. Membranes were incubated at 4 ℃ 
overnight with one of the following primary antibodies: 
monoclonal antibodies against CDK2 (1:100), Cyclin E 
(1:100), Skp1 (1:100) and p27Kip1 (1:200) (all from 
NeoMarkers, United States); polyclonal antibodies 
against Skp2 (1:1000) and PARP (1:1000) (all 
from Cell Signaling Technology, Boston, MA); and 
monoclonal antibodies against CacyBP/SIP (1:1000) 
and β-actin (1:2000) (Sigma Chemical, St. Louis, MO). 
Membranes were then incubated with anti-mouse IgG 
or anti-rabbit IgG (Amersham Biosciences, Piscataway, 
NJ) and were detected by SuperSignal West Pico 
Chemiluminescent Substrate (Pierce Biotechnology 
Inc., Rockford, IL). For each Western blot result, at 
least three independent experiments were conducted, 
and representative images are shown.

Immunoprecipitation assays
For immunoprecipitation, lysates were obtained from 
untreated or treated gc cells. When the cells had 
reached approximately 80% confluence, the cell layer 
was washed with ice-cold phosphate-buffered saline 
(PBS). Nuclear extracts were prepared using the NE-

PER nuclear and cytoplasmic extraction kit. Then 
salts were removed from the nuclear extract using 
the Pierce Slide-A-Lyzer MINI Dialysis Unit (Pierce 
Biotechnology, Rockford, IL). The supernatant was 
collected and total protein (300 μg) was used for 
immunoprecipitation. The supernatant was incubated 
at 4 ℃ for 2 h with 1 μg of monoclonal anti-CacyBP/
SIP or anti-GFP (Sigma Chemical, St. Louis, MO) and 
40 μL of 25% protein A/G agarose slurry. The protein 
A/G agarose was recovered by centrifugation at 5000 
rpm and washed four times with ice-cold lysis buffer. 
Proteins were eluted with 20 μL of SDS loading buffer 
by boiling for 5 min and subjected to immunoblot 
analysis with anti-Skp1 antibodies.

Construction and transfection 
The cDNA coding for full-length human CacyBP/SIP 
was generated from the plasmid pET28-CacyBP/
SIP constructed and described previously[14]. The 
cDNA was generated by PCR amplification using the 
following primers: a forward primer containing a Pst I 
site, 5’-aactgcagtcATGGCTTCAGAAGAGCTACAGA-3’, 
and a reverse primer with a BamH I site, 5’-cgggatcc
TCAAAATTCCGTGTCTCCTTTG-3’. The PCR product 
was sub-cloned into the pEGFP/C1 vector (Invitrogen, 
Carlsbad, CA) using Pst I and BamH I, producing a 
fusion protein pEGFP/C1-CacyBP/SIP. 

The cDNA encoding a truncated form of CacyBP/SIP 
(1-72) (i.e., the N-terminal fragment of CacyBP/SIP 
containing residues 1-72) was derived from the full-length 
human CacyBP/SIP gene in plasmid pET28-CacyBP/SIP. 
This cDNA was generated by PCR amplification with the 
following primers: a forward primer with a Pst I site, 
5’-aactgcagtcATGGCTTCAGAAGAGCTACAGA-3’; and 
a reverse primer with a BamH I site, 5’-cgggatcctca
CGTATAGCCCGTTGTAATGGG-3’. The PCR product was 
sub-cloned into the pEGFP/C1 vector using Pst I and 
BamH I, producing a fusion protein pEGFP/C1-CacyBP/
SIP (1-72).

Stably-transfected gc cells SGC7901-CacyBP/SIP-
siRNA were described previously and used in later 
experiments[17]. Cell transfection was performed 
with Lipofectamine2000 (Invitrogen, Carlsbad, CA) as 
described in the manufacturer’s protocol. For transient 
transfection of pEGFP/C1, pEGFP/C1-CacyBP/SIP or 
pEGFP/C1-CacyBP/SIP (1-72), cells were harvested 
for further experiments after 48 h of transfection. 
Cells were harvested at different time points (0, 4, 
8, 12, and 24 h) for Western blot, cell cycle analysis, 
co-immunoprecipitation (co-IP), and confocal laser 
microscopy (Bio-Rad Laboratories, United States). 

Statistical analysis
Bands from Western blots were quantified with 
Quantity One software (Bio-Rad). Relative protein 
levels were calculated by comparing absolute protein 
levels to the amount of β-actin. Numerical data are 
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Effects of CacyBP/SIP nuclear translocation on cell 
cycle regulatory proteins
To correlate the effect of CacyBP/SIP on cell cycle 
progression with some molecular effectors of the 
restriction point, SGC7901 cells were treated with 
nocodazole for 15 h to synchronize cells in G2-M 
phase. After nocodazole was washed away, cells were 
incubated in fresh serum-free media in the presence or 
absence of gastrin. From 4 to 24 h, gastrin treatment 
(10-8 mol/L for 0, 4, 8, 12, or 24 h) induced an increase 
in the amount of Cyclin E protein, whereas the levels 
of Skp1, Skp2, and CDK2 were not affected (Figure 
3). Conversely, a significant decrease in the level of 
p27Kip1 protein was detected during the first 8 h of 
treatment. 

Furthermore, SGC7901-CacyBP/SIPsi1 cells were 
also synchronized in G2-M phase with nocodazole. 
After stimulation by gastrin, no change in protein levels 
of p27Kip1 or Cyclin E was observed in SGC7901-
CacyBP/SIPsi1 (Figure 4).

Proteasome-mediated degradation of p27Kip1 in GC 
cells
Our results shown in Figure 3 prompted us to inves
tigate the mechanism of the decrease in p27Kip1 in 
more detail. It is well known that low p27Kip1 levels 
are attributed to increased rates of proteasome-
mediated degradation. With this in mind, we studied 
the effect of CacyBP/SIP on p27Kip1 in the presence 
of the 26S proteasome inhibitor MG132. As shown in 

presented as mean ± SD. Calculation of the difference 
between means was performed by ANOVA and then a 
post-hoc test. All statistical analyses were performed 
using SPSS software (version 11.0; Chicago, IL, United 
States). Differences with p < 0.05 were considered 
statistically significant.

RESULTS
Effect of CacyBP/SIP nuclear translocation on cell cycle 
in GC cells
The effect of CacyBP/SIP nuclear translocation on cell 
cycle phase distribution was investigated in SGC7901 
cells with or without 2-d exposure to gastrin (10-8 mol/
L). After 2 d of culture, 69.70% ± 0.46% of untreated 
and 65.80% ± 0.60% of gastrin-treated SGC7901 
cells were observed in the G1 peak. The analysis 
showed that the G1 phase of gastrin-treated cells was 
shorter than that of untreated cells (P = 0.008; Figure 
1).

Cells stably transfected with SGC7901-CacyBP/
SIPsi1 which inhibited CacyBP/SIP expression to 
reduce the nuclear translocation of CacyBP/SIP were 
chosen for cell cycle assay. After 2 d of treatment, 
71.09% ± 0.16% of untreated and 70.86% ± 0.25% 
of gastrin-treated SGC7901-CacyBP/SIPsi1 cells were 
observed in the G1 peak. Cell cycle analyses showed 
that no change was evident in the percentage of cells 
in G0-G1 phase in either cell line, whether untreated 
or treated with gastrin (P = 0.101; Figure 2). 

1 d
(%)

    G0/G1 67.6
          S  20.4
    G2/M  12

                                   SGC7901
Control                                                                 Gastrin

    G0/G1 66.4
          S  17.2
    G2/M  16.4

2 d
(%)

    G0/G1 69.3
           S 17.6
    G2/M  13.1

    G0/G1 66.6
          S  21.7
    G2/M  11.7

Figure 1  Gastrin-stimulated translocation of calcyclin binding protein/Siah-1 interacting protein into nucleus decreases the number of SGC7901 gastric 
cancer cell in the G0-G1 phases of the cell cycle. Cells were treated with gastrin (10-8 mol/L) for the indicated times and cell cycle variables were investigated by 
flow cytometry after propidium iodide (PI) staining. Data are presented as mean ± SD (n = 3), and graphs shown are representative of the three experiments.
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Figure 5, CacyBP/SIP nuclear translocation markedly 
decreased the stability of p27Kip1. Pre-incubation of 
growing cells with MG132 prevented p27Kip1 removal, 
which confirmed that the degradation of p27Kip1 in GC 
cells requires proteasome-mediated systems.

CacyBP/SIP promotes proteasome-dependent 
degradation of p27Kip1 in GC cells through interaction 
with the SCF component Skp1
Additionally, we examined whether degradation 
of p27Kip1 is also associated with changes in ubi
quitination. P27Kip1 is the primary target of the SCF 
complex, which is involved in the proteolysis of core 
components of the cell cycle machinery. Recently, 
based on a domain mapping study, the central region 
of CacyBP/SIP was confirmed to interact with Skp1, 

1 d
(%)

G0/G1 68.8
      S  21.6
  G2/M  9.6

                         SGC7901-CacyBP/SIPsi
Control                                                                 Gastrin

G0/G1 70.3
      S  17.5
G2/M  12.2

2 d
(%)

G0/G1 71.3
       S 14.7
 G2/M 14

G0/G1 70.5
      S  18.6
G2/M  10.9

Figure 2  Treatment with gastrin increases the number of SGC7901-calcyclin binding protein/Siah-1si1 cells in the G0-G1 phases of the cell cycle. Cells 
were treated with gastrin (10-8 mol/L) for the indicated times and cell cycle variables were investigated by flow cytometry. Data are presented as mean ± SD (n = 3), 
and graphs shown are representative of the three experiments.

Skp1

Skp2

cdk2

CyclinE

P27kip1

β-actin

19

48

33

50

27

43

                                SGC7901
             4 h           8 h           12 h           24 h
0 h     +       -      +      -       +      -       +       -      KDa

Figure 3  Effects of calcyclin binding protein/Siah-1 on cell cycle regulatory 
proteins. Cells were synchronized in G2-M phase with 0.2 µg/mL nocodazole 
for 15 h and nocodazole was removed by washing; cells were then incubated 
in fresh medium with (+) or without (-) gastrin for the indicated times. After 
treatment, cellular lysates were prepared and loaded per lane. Different blots 
with the same samples were detected with the indicated antibodies: Cyclin 
E, CDK2, p27Kip1, Skp1, Skp2, and β-actin as an internal control. Gastrin 
treatment induced an increase in the amount of Cyclin E protein and a decrease 
in the level of p27Kip1 protein during the first 8 h of treatment, whereas the 
levels of Skp1, Skp2, and CDK2 were not affected. 

P27kip1

CyclinE

β-actin

27

50

43

                        SGC7901-CacyBP/SIPsi
             4 h           8 h           12 h           24 h
0 h     +       -      +      -       +      -       +       -      KDa

Figure 4  No change in protein levels of p27Kip1 and Cyclin E was 
observed in SGC7901-calcyclin binding protein/Siah-1si1 cells in which 
expression of calcyclin binding protein/Siah-1 was silenced. Cells were 
synchronized in G2-M phase with nocodazole for 15 h and nocodazole was 
removed by washing; and then cells were incubated in fresh medium with (+) 
or without (-) gastrin (10-8 mol/L). Different blots with the same samples were 
detected with the indicated antibodies: Cyclin E, p27Kip1, and β-actin as an 
internal control. 
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the adaptor protein of the SCF complex[2]. Therefore, 
we explored whether CacyBP/SIP could bind Skp1 
to trigger the degradation of p27Kip1. The nuclear 
fractions of cell lysates were immunoprecipitated 
with anti-CacyBP/SIP, and the immunoprecipitated 
complexes were analyzed by anti-Skp1 immu
noblotting. As shown in Figure 6, CacyBP/SIP bound 
to Skp1 after exposure to gastrin in SGC7901 cells, in 
agreement with the cyclical proteasomal degradation 
of p27Kip1. 

To explore the possibility that CacyBP/SIP increased 
the degradation of p27Kip1 through interaction 
with Skp1, a truncated form of CacyBP/SIP was 
constructed. CacyBP/SIP (1-72), the N-terminal frag
ment of CacyBP/SIP which deleted the binding site 
with Skp1, was constructed and fused into pEGFP/C1. 
To exclude any interference from internal CacyBP/SIP 
in GC cells, SGC7901-CacyBP/SIPsi cells in which 
the expression of CacyBP/SIP was suppressed were 
used for the latter experiment. In SGC7901-CacyBP/
SIPsi cells, transiently transfected pEGFP/C1-CacyBP/
SIP (1-72), the truncated protein was capable of 
translocating into the nucleus after gastrin induction 
(Figure 7). However, CacyBP/SIP (1-72) abolished 
interactions with Skp1 as assessed by co-IP assays 
(Figure 8). In contrast, no change was detected in 
the protein level of p27Kip1 after gastrin induction 
(Figure 9). The diagram containing the interaction and 
mechanism of gastrin, CacyBP/SIP, P27kip1 and Skp1 
in gastric cancer is shown in Figure 10.

DISCUSSION
CacyBP/SIP nuclear translocation has been suggested 
as a promoter of gc, but the mechanism remains 
unknown[17]. In this study, we examined the interaction 
of CacyBP/SIP nuclear translocation and p27Kip1 
in gc cells. Our results suggested that CacyBP/SIP 
nuclear translocation promotes gc cell growth through 
enhancing the ubiquitin-mediated degradation of 
p27Kip1.

Our previous studies showed that CacyBP/SIP could 
translocate to the nucleus in colon cancer cells upon 
stimulation with KCl, gastrin, epidermal growth factor, 

prostaglandin E2, and hypoxia[18-21]. A previous study 
also found that CacyBP/SIP could translocate into the 
nucleus after induction with gastrin and promote the 
proliferation of gc cells[17]. However, the mechanism 
underlying this observation is unclear.

The study by Fukushima et al[11] was the first 
to identify the potential function of CacyBP/SIP in 
thymocyte development and G1 checkpoint. The 
authors observed that SIP-/- embryonic fibroblasts 
showed a growth-rate increase resulting from defects 
in G1 arrest. Another study determined that CacyBP/
SIP could promote proliferation and G1/S transition 
of human pancreatic cancer cells[9]. In our study, cell 
cycle analysis showed an increase in the number of 
cells in S phase at the expense of those in G1 phase. 
This result is consistent with previous findings[17].

In eukaryotic cells, progression of the cell cycle 
is controlled by a series of cyclin-dependent kinases 
(CDKs). The transition from G1 to S is regulated mainly 
by the G1-specific kinases, consisting of CDK2 and 
Cyclin E, which are controlled by a regulatory molecule, 
p27Kip1, the CDK inhibitor. P27Kip1 normally partners 
with Cyclin E/CDK2 and inhibits CDK2 activity. When 
p27Kip1 is phosphorylated at Thr187 and targeted 
for ubiquitin-dependent proteolysis by SCFSkp2, CDK2/
Cyclin E is released, allowing the transition of cells 
from G1 to S phase[22]. In the present study, we found 
that CacyBP/SIP nuclear translocation induced by 
gastrin was accompanied by decreased p27Kip1 and 
elevated Cyclin E protein levels. However, the level 
of cell cycle regulator p27Kip1 did not change when 
CacyBP/SIP nuclear translocation was reduced. These 
results indicate that the decreased level of p27Kip1, 
which led to the progression from G1 to S phase in gc 
cells, is the result of CacyBP/SIP nuclear translocation.

Recently, it was shown that CacyBP/SIP could 
regulate the glucose limitation-induced p27Kip1 
degradation[12]. We supposed that CacyBP/SIP nuclear 
translocation affected the degradation of p27Kip1. It 
is widely accepted that the deregulation of p27Kip1 
expression in human tumors is often due to post-
transcriptional mechanisms[23]. Phosphorylation 
and ubiquitination are the two major types of post-
translational protein modifications at work in the cell 

P27kip1

CyclinE

β-actin

27

50

43

                                SGC7901
              Gastrin                   Gastrin + MG132
0       4       8     12     24     4      8       12     24 (h)  KDa

Figure 5  Proteasome-mediated degradation of p27Kip1 in gastric cancer 
cells. Western blot analysis of p27Kip1, Cyclin E and β-actin in cells 4, 8, 12, 
and 24 h after treatment with 10-8 mol/L gastrin in the absence or presence of 
MG132 (5 mmol/L, 15 min pre-treatment and co-treatment with gastrin). 

Blotting

CacyBP/SIP

Skp1

KDa

26

19

                                         IP  SGC7901
     Cell lysate                    IgG    CacyBP/SIP

Figure 6  Physical interactions between Skp1 and calcyclin binding protein/
Siah-1 in SGC7901 cells. Nuclear protein extracts from gastric cancer cells treated 
with 10-8 mol/L gastrin were immunoprecipitated with calcyclin binding protein/
Siah-1 (CacyBP/SIP) MAb or control IgG. Immune complexes were analyzed by 
immunoblotting using an anti-Skp1 antibody with ECL-based detection. 
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Figure 7  Immunofluorescent localization of calcyclin binding protein/Siah-1 (1-72) in SGC7901-calcyclin binding protein/Siah-1si cells. SGC7901-CacyBP/
SIPsi cells were transfected with pEGFP/C1 vector, producing either GFP-tagged CacyBP/SIP or CacyBP/SIP (1-72) lacking the 155 central and C-terminal amino 
acids. Cells transfected with GFP-tagged pEGFP/C1 lacking a cDNA insert served as controls. Transfectants were treated or untreated with gastrin (10-8 mol/L), and 
EGFP fluorescence was analyzed under a confocal laser microscope. A, C, E: Unstimulated cells; B, D, F: Cells 8 h after gastrin stimulation.
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Figure 9  Lysates of the transfected cells were harvested for Western 
blot analysis 0, 4, 12, 24, and 48 h after treatment with gastrin (10-8 mol/
L). Equal amounts of cellular protein (40 μg) were subjected to SDS-PAGE, 
followed by Western blot analysis for p27Kip1. PARP was used as a nuclear 
protein loading standard.

Figure 8  Interaction between Skp1 and calcyclin binding protein/Siah-1 (1-72) 
in SGC7901-calcyclin binding protein/Siah-1si transfected with pEGFP/C1-
calcyclin binding protein/Siah-1 (1-72). Nuclear protein extracts from cells 
transfected with pEGFP/C1-CacyBP/SIP or pEGFP/C1- CacyBP/SIP (1-72) after 
treatment with 10-8 mol/L gastrin were immunoprecipitated with anti-GFP antibody 
or control IgG. Immune complexes were analyzed by immunoblotting using an anti-
Skp1/GFP antibody with ECL-based detection. CacyBP/SIP: Calcyclin binding 
protein/Siah-1 interacting protein.

IB

CacyBP/SIP

Skp1

KDa

53

35

19

                    IP  SGC7901-CacyBP/SIPsi
   Cell lysate   IgG      SIP        SIP (1-72)

Niu YL et al . CacyBP/SIP regulates p27 (kip1) stability



3999 April 21, 2016|Volume 22|Issue 15|WJG|www.wjgnet.com

cycle. We know that low p27Kip1 levels in tumors 
are attributed to increased rates of proteasome-
mediated degradation[24]. Our study showed that 
treatment with proteasome inhibitors such as MG132 
restored p27Kip1 expression levels. Therefore we posit 
that decrease in p27Kip1 in gc cells is the result of 
proteasome-mediated degradation. 

Studies have shown that p27Kip1 is the target of 
the SCF complex of E3 ubiquitin ligases. The Skp1-
Cul1-F-box protein (SCF) complex is responsible for 
the specific ubiquitination of many regulators, and 
plays an integral role in regulating the G1/S phase 
transition in mammalian cells[25]. The SCF complex 
targets p27Kip1 for degradation through the F-box 
protein and Skp2[26,27]. Our results showed that the 
protein levels of Skp1 and Skp2 were unchanged when 
the level of p27Kip1 decreased. These results indicate 
that the decrease in p27Kip1 is not associated with the 
elevated activity of SCF. 

CacyBP/SIP has been reported to bind Skp1, which 
led us to speculate that CacyBP/SIP was induced by 
gastrin to translocate to the nucleus, where it binds 
to Skp1 in order to promote p27Kip1 degradation. 
Our further experiments confirmed this hypothesis. 
Using Co-IP assays, we found that CacyBP/SIP could 
interact with Skp1, which is consistent with reports 
from other studies[2]. The central and the C-terminal 
truncated CacyBP/SIP mutant, in which the Skp1 
binding site was deleted, was unable to induce any 
change in p27Kip1 levels, although it still translocated 
to the nucleus upon gastrin stimulation. Therefore, our 
results suggest that CacyBP/SIP nuclear translocation 
promotes proliferation of gc cells, at least in part, 
due to enhanced ubiquitin-mediated degradation of 
p27Kip1.

In conclusion, the present study provides evidence 
that CacyBP/SIP nuclear translocation stimulates the 
progression of cell cycle in human gc cells, an effect 
that is at least partially mediated by enhancing the 
ubiquitin-mediated degradation of p27Kip1. 
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COMMENTS
Background
Calcyclin binding protein (CacyBP) was originally discovered as a calcyclin 
(S100A6) target protein, and later as a Siah-1 interacting protein (SIP), a 
component of ubiquitin-mediated proteolysis, thus named CacyBP/SIP. It has 
been reported that P53 induces β-catenin degradation through the Siah-1-
CacyBP/SIP-SCF (Skp1/Cullin1/F-box) complex pathway, in which CacyBP/SIP 
exerts its function by associating with Skp1. A key study showed that defects in 
G1 arrest led to an increase in embryonic fibroblast growth rate in SIP-/- mice. 
It was also found that CacyBP/SIP could promote G1/S transition of pancreatic 
cancer cells. Recently, it was found that CacyBP/SIP could regulate the glucose 
limitation-induced P27 kip1 degradation. The authors’ previous study showed 
that CacyBP/SIP could translocate to the nucleus in colon cancer cells upon 
stimulation with KCl, gastrin, epidermal growth factor, prostaglandin E2, and 
hypoxia. In gastric cancer (gc) tissue, CacyBP/SIP was highly expressed in 
the nuclei. Further studies showed that CacyBP/SIP translocated into nucleus 
induced by gastrin and promote the proliferation of gc cells. However, the 
mechanisms underlying these observations have been unclear. In the present 
investigation, the role of CacyBP/SIP nuclear translocation in gc cells was 
studied. These results indicate that CacyBP/SIP nuclear translocation promotes 
G1 phase progression by enhancing the degradation of p27Kip1.

Research frontiers
CacyBP/SIP nuclear translocation decreased the number of gc cells in the 

Figure 10  Interaction of gastrin, CacyBP/SIP, P27kip1 and Skp1 in gastric cancer. 
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G0-G1 phases of the cell cycle through increasing Cyclin E protein and 
decreasing p27Kip1 protein expression, whereas the levels of Skp1, Skp2 and 
CDK2 were unaffected. Inhibiting CacyBP/SIP nuclear translocation increased 
the number of cells in the G0-G1 phases, while no change in protein levels 
of p27Kip1 and Cyclin E was observed. Next, the authors studied the effect 
of CacyBP/SIP on p27Kip1 in the presence of the 26S proteasome inhibitor 
MG132. Pre-incubation with MG132 prevented p27Kip1 removal. The authors 
explored whether CacyBP/SIP could bind Skp1 to trigger the degradation of 
p27Kip1. Those results showed that CacyBP/SIP indeed bound Skp1. The 
authors also constructed CacyBP/SIP (1-72), the N-terminal fragment of 
CacyBP/SIP which deleted the binding site with Skp1 and fused it into pEGFP/
C1. Transiently transfected pEGFP/C1-CacyBP/SIP (1-72) truncated protein 
was still capable of translocating into the nucleus. However, CacyBP/SIP (1-72) 
abolished interactions with Skp1 in co-immunoprecipitation assays. In contrast, 
no change was detected in the protein level of p27Kip1 after gastrin induction.

Innovations and breakthroughs
To explore the role of CacyBP/SIP nuclear translocation in gc cells, effect 
of CacyBP/SIP nuclear translocation on cell cycle of gc cells was studied. 
These studies showed that CacyBP/SIP nuclear translocation can shorten 
G1 phase. Using Western blot to explore the change of cell cycle regulatory 
proteins, the authors observed a decrease in p27Kip1 protein. Pre-incubation 
with proteasome inhibitor MG132 determined that the degradation of p27Kip1 
was mediated by proteasome in gc cells. Using co-IP, the authors found that 
CacyBP/SIP promoted proteasome-dependent degradation of p27Kip1 in gc 
cells through interaction with the SCF component Skp1. 

Applications
The study provides evidence that CacyBP/SIP nuclear translocation promotes 
the proteasome-mediated degradation of p27Kip1 through interaction with the 
SCF component Skp1. CacyBP/SIP may be a potential therapeutic target in gc.

Peer-review
In this study, the authors report the role of CacyBP/SIP nuclear translocation 
in GC. The study is technical sound and the results are properly analyzed. 
This study was based on the expression of cell cycle proteins such as CDK2, 
Cyclin E, Skp1, Skp2 and CacyBP/SIP detected by Western blot with or without 
gastrin. CacyBP/SIP was found to bind Skp1 which can trigger the degradation 
of P27kip1. 
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