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Abstract SGT1 (suppressor of G2 allele of Skp1) plays a

role in various cellular processes including kinetochore

assembly and protein ubiquitination by interacting with Skp1,

a component of SCF E3 ligase complex. However, the

function of SGT1 in cancer is largely unknown. Here, we

showed that SGT1 was over-expressed in gastric cancer tis-

sues and silencing of SGT1 by siRNAs significantly inhibited

the growth and colony formation of gastric cancer cells. We

further showed that SGT1 could regulate Akt signaling

pathway by modulating Akt ser473 phosphorylation status.

Moreover, we found that SGT1 was able to regulate the

stability of PHLPP1, which is the direct phosphatase for Akt

ser473 phosphorylation. Immunoprecipitation assay revealed

that SGT1 could enhance the binding between PHLPP1 and

beta-TrCP which has been documented to be able to target

PHLPP1 for destruction. Decreased PHLPP1 in SGT1 over-

expressed gastric cancer cells failed to dephosphorylate Akt

and resulted in increased Akt ser473 phosphorylation and

amplified downstream Akt signaling. Thus, our data revealed

a previously uncovered role of SGT1 in gastric cancer

development, and suggested that SGT1 could be a promising

anti-cancer target to against gastric cancer.

Keywords Gastric cancer � SGT1 � Akt signaling � Akt

phosphorylation � PHLPP1 � Beta-TrCP

Introduction

Gastric cancer represents the third type of lethal cancers

with more than 700,000 deaths worldwide each year. This

disease is particularly frequent in eastern Asia, and in

central and eastern Europe [1]. Protein kinase B (Akt) is

essential for cell growth, proliferation, and survival.

Aberrant activation of Akt is one of the most common

molecular events in human cancers including gastric can-

cer, which is believed to play an essential role in gastric

cancer cell survival and chemotherapy resistance [2, 3].

Akt is activated by phospholipid binding and activation

loop phosphorylation at Thr308 by PDK1 and by phos-

phorylation within the carboxy terminus at Ser473 [4].

Dephosphorylation of Akt inactivates this kinase and ter-

minates the whole Akt signal pathway [5]. The lipid

phosphatase PTEN is a well known phosphate which has

the ability to limit Akt activation by dephosphorylating
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PIP3 to PIP2 [6]. Deletion or mutation of PTEN is a

common observation in many types of tumors and is usu-

ally accompanied with Akt hyperactivation [7]. Combining

Akt signaling pathway inhibitors with chemotherapy has

successfully attenuated chemotherapeutic resistance in

gastric cancer cell lines [8, 9].

Recently, PHLPP, a novel family of Ser/Thr protein

phosphatases, has been reported to be able to negatively

regulate Akt [10, 11]. PHLPP members directly dephos-

phorylate Akt and terminate the whole signaling pathway.

Over-expression of PHLPP1 in glioblastoma and colon

cancer cells has been reported to be able to inhibit

tumorigenesis [10]. Silencing the expression of PHLPP

correlates with increased metastatic potential in breast

cancer cells [12]. PHLPP1 is also a short-lived protein and

targeted for ubiquitin-dependent degradation by SCF-beta-

TrCP complex [13].

SGT1 (suppressor of G2 allele of Skp1) was first

reported to play a role in various cellular processes

including kinetochore assembly and protein ubiquitination

by interacting with Skp1, a component of SCF E3 ligase

complex [14]. SGT1 was presented in a proinflammatory

complex termed inflammasome by interacting with NLR

proteins that is essential for cell response to pathogen

attack [15, 16]. Silencing of SGT1 resulted in abrogation of

inflammasome activity [17]. SGT1 has also been reported

to be over-expressed in colorectal cancer and might give

rise to promote the transcription of the gene directly sub-

sequent to the progression of colorectal cancer cases with

worsening prognosis [18]. However, the exact role of

SGT1 in cancer is still unknown.

Here, we showed that SGT1 was over-expressed in

gastric cancer tissues. Silencing of SGT1 by siRNAs

inhibited gastric cancer cells growth and colony formation

by regulating Akt ser473 phosphorylation status and

downstream Akt signaling pathway. Moreover, we pro-

vided evidences that SGT1 enhanced the interaction

between beta-TrCP and PHLPP1 and promoted the deg-

radation of PHLPP1 that resulted in amplified Akt signal-

ing in gastric cancer cells.

Materials and methods

Tissue samples

Primary gastric cancer tissues and adjacent normal gastric

tissues were collected from either routine therapeutic sur-

gery or gastrointestinal endoscopy at our department. All

samples were obtained with informed consent and

approved by central hospital of Fengxian district clinic

institutional review board.

Cell culture

AGS and 293T cell lines were cultured in RPMI-1640 or

Dulbecco’s modified Eagle’s medium supplemented with

10 % fetal bovine serum. All these cells were cultured in a

5 % CO2/95 % air at 37 �C.

Reagents

The following antibodies were purchased: anti-Akt, Akt

p-308, Akt p-743, p-Erk, p38, p-p38, MEK1, MEK2 and

PTEN (Cell Signaling), anti-SGT1 (Abcam), PHLPP1

(Abgent) and anti-actin (Sigma). All of the lentiviral siR-

NA vectors were purchased from Santa Cruz.

Colony formation assay

Each 35 mm culture dish contained a base layer consisting

of 0.5 ml culture media (0.6 % agar). Cells were cultured

by layering 5,000 cells in 0.5 ml culture media (0.3 %

agar) over each base layer. All cells formed sufficient

numbers of detectable colonies following 14 days

incubation.

Plasmids and transfection

All the plasmids of this work are purchased from Addgene.

All the transient transfections were conducted using

Lipofectamine 2000 (Invitrogen) according to the manu-

facturer’s instructions.

Immunoprecipitation

Cells were lysed in lysis buffer (50 mM Tris–HCl pH 7.5,

250 mM NaCl, 0.5 % Nonidet P40, and protease inhibitor

cocktail) for 30 min at 4 �C. Lysates were cleared using

centrifugation (13,000 rpm, 20 min), the supernatant was

subjected to immunoprecipitation (IP) with appropriate

antibodies overnight at 4 �C with gentle inversion. Protein

A/G beads were added for additional 4 h. Beads containing

immune complexes were washed with ice cold lysis buffer

49. Precipitates were denatured in loading buffer at 100 �C

for 5 min and subjected to western blot.

Western blotting

Protein extracts were equally loaded on 10 % SDS–PAGE,

electrophoresed, and transferred to nitrocellulose mem-

brane. After blocking with 5 % nonfat milk in PBS, the

membranes were incubated with the indicated primary

antibodies and followed by horseradish peroxidase (HRP)–

linked secondary antibodies (sigma).
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Statistical analysis

Values were shown as mean ± SD. Statistical differences

were determined by a Student’s t test. Statistical signifi-

cance is displayed as *(P \ 0.05), **(P \ 0.01) or

***(P \ 0.001).

Results

SGT1 was over-expressed in gastric cancer samples

SGT1 has been reported to be over-expressed in human

colorectal cancer [18]. However, whether SGT1 plays a

role in gastric cancer is not known. To evaluate the

expression of SGT1 in gastric cancer cells, we detected the

mRNA levels of SGT1 in 30 primary gastric cancer sam-

ples and their adjacent normal tissues by way of real-time

quantitative PCR. As depicted in Fig. 1a, 17 out of 30

primary gastric cancer tissues showed more than twofold of

SGT1 mRNA expression levels compared with their adja-

cent normal tissues. We then employed Western blot with

anti-SGT1 antibody to detect the protein expression level

of SGT1 in those clinic samples. In consistent with the

real-time PCR data, the protein level of SGT1 was much

higher in gastric samples. Taken together, these results

showed that SGT1 was over-expressed in gastric cancer

samples (Fig. 1b and Supp.1).

Silencing of SGT1 inhibited gastric cancer cells growth

and colony formation

To investigate the role of SGT1 in gastric cancer cells, we

silenced the expression of SGT1 in gastric cancer cell line

AGS cells by utilizing two different lentivirus-based siR-

NAs. The knockdown efficiency of SGT1 was measured by

real-time quantitative PCR and western blot, respectively.

Both siRNAs inhibited the expression of SGT1 efficiently

(Fig. 1c–d). Thus, we used these siRNAs to investigate the

biological roles of SGT1 in gastric cancer cells. As

depicted in Fig. 1e, silencing of SGT1 significantly inhib-

ited AGS cells growth. The colony formation ability of

SGT1 silencing AGS cells was also decreased (Fig. 1f).

Taken together, these data suggested that SGT1 played a

role in the regulation of gastric cancer cells growth.

SGT1 regulated Akt ser473 phosphorylation in gastric

cancer cells

To investigate how SGT1 regulates gastric cancer cells

growth, we initiated a small western blot screen by

employing signaling pathway antibodies. As shown in

A B

FD E

SUGT1

Actin

Con         1           2      siRNA

C

Normal              Cancer    

SUGT1

Actin

Con         1           2       siRNA

Fig. 1 SUGT1 was over-expressed in gastric cancer samples and

silencing of SUGT1 inhibited gastric cancer cells growth and colony

formation. a The mRNA levels of SUGT1 in gastric cancer tissues

were measured by real-time PCR, normalized to the adjacent normal

tissues and depicted as a fold change between gastric cancer tissues

and adjacent normal tissues (more than two fold was considered over-

expression). b The protein levels of SUGT1 in three paired gastric

cancer tissues and their adjacent normal tissues were measured by

western blot with anti-SUGT1. c The mRNA levels of SUGT1 in

AGS cells infected with the indicated lentiviral siRNAs. d The protein

levels of SUGT1 in AGS cells infected with the indicated lentiviral

siRNAs. e Growth curves of AGS cells infected with the indicated

lentiviral siRNAs. f The colony numbers of AGS cells infected with

the indicated lentiviral siRNAs
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Fig. 2a, silencing of SGT1 significantly decreased Akt

ser476 phosphorylation without affecting Akt Thr308

phosphorylation or total Akt levels. Indeed, over-expres-

sion of SGT1 in AGS cells increased Akt ser476 phos-

phorylation in a dose dependent manner (Fig. 2b).

Moreover, stable expression of SGT1 accelerated AGS

cells growth, whereas Akt inhibitor LY294002 treatment

abolished this observation (Fig. 2c). These data indicated

that SGT1 regulated gastric cancer cells growth by mod-

ulating AKT ser476 phosphorylation.

SGT1 regulated the stability of PHLPP1

Both PTEN and PHLPP1 have been reported to be able to

affect Akt phosphorylation [19–22]. To further investigate

how SGT1 modulates Akt ser473 phosphorylation, we

checked the protein levels of these phosphates in SGT1

silenced cells. Silencing of SGT1 did not affect the protein

expression level of PTEN, but significantly increased the

expression of PHLPP1 (Fig. 3a). To investigate how SGT1

regulates PHLPP1, we checked the mRNA levels of

PHLPP1 in SGT1 silenced AGS cells. However, the

mRNA levels of PHLPP1 were not changed in these cells

(Fig. 3b). Furthermore, we over-expressed SGT1 in AGS

cells and found that PHLPP1 was significantly decreased at

protein level but not mRNA level (Fig. 3c and data not

shown). These observations leaded us to test whether SGT1

regulates PHLPP1 at post-translational level. To test this

possibility, the half-life of PHLPP1 in 293T cells trans-

fected with PHLPP1 alone or in combination with SGT1

with or without MG132 was measured. Interestingly, over-

expression of SGT1 significantly decreased the half-life of

PHLPP1, whereas MG132 prevented the effect of SGT1 on

PHLPP1 (Fig. 3d). These data suggested that SGT1 regu-

lated the stability of PHLPP1 in gastric cancer cells.

SGT1 interacted with PHLPP1

To investigate how SGT1 regulates the stability of

PHLPP1, we firstly asked whether SGT1 interacted with

PHLPP1. Lysates of 293T cells transfected with HA-SGT1

or Myc-PHLPP1 or both for 48 h were subjected to HA

immunoprecipitation followed by western blot with Myc

antibody. Indeed, Myc-PHLPP1 was detected in HA-SGT1

immunoprecipitant (Fig. 4a). To exclude the positive false

interaction caused by over-expression, endogenous SGT1

was immunoprecipitated by SGT1 antibody from AGS

cells and in which endogenous PHLPP1 but not PTEN was

detected (Fig. 4b). To test whether SGT1 interacted

directly with PHLPP1, we further performed in vitro GST-

pull down assay. Protein complexes pulled down with

nickel beads from BL21 bacteria expressing GST or GST-

SGT1 incubated with His-tagged PHLPP1 were subjected

to western blot. His-PHLPP1 was ready to be detected in

GST-SGT1 but not GST alone complexes (Fig. 4c). These

data suggested that SGT1 interacted with PHLPP1 directly.

SGT1 enhanced the binding between PHLPP1 and beta-

TrCP

SGT1 has been reported to be able to form complexes with

SCF E3 ligase [14]. It’s also documented that SCF-beta-

TrCP is responsible for the efficient degradation of

PHLPP1 [10]. Given the facts that SGT1 interacted directly

Con    SUGT1    siRNAA B

C

HA-SUGT1

SUGT1

Actin

AKT

P-ERK1/2

P-473 AKT

P-308 AKT

0 0.5 1 2 µg

AKT

P-473 AKT

P-308 AKT

HA-SUGT1

p-p38

p38

MEK1

MEK2

Fig. 2 SUGT1 regulated AKT1

phosphorylation in gastric

cancer cells. a AGS cells

infected with lentiviral non-

specific or SUGT1 siRNAs were

subjected to western blot with

indicated antibodies. b AGS

cells transfected with increased

dose of HA-SUGT1 plasmids

for 48 h, cells were harvested

and subjected to western blot

with indicated antibodies.

c Growth curves of AGS cells

infected with the indicated

lentiviral genes with or without

LY294002
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Fig. 3 SUGT1 regulated the stability of PHLPP1. a AGS cells

infected with lentiviral non-specific or SUGT1 siRNAs were

subjected to western blot with indicated antibodies. b mRNA levels

of PHLPP1 in AGS cells infected with lentiviral non-specific or

SUGT1 siRNAs. c AGS cells transfected with control or HA-SUGT1

plasmid for 48 h, cells were harvested and subjected to western blot

with indicated antibodies. d The quantification of PHLPP1 half-life in

293T cells transfected with PHLPP1 alone or in combination with

SUGT1 (with or without MG132)
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Fig. 4 SUGT1 interacted with

PHLPP1 and enhanced the

binding between PHLPP1 and

beta-TrCP. a Lysates of 293T

cells co-transfected with HA-

SUGT1 and Myc-PHLPP1 for

48 h were subjected to HA

immunoprecipitation (IP)

followed by western blot with

the indicated antibodies.

b Lysates of AGS cells were

subjected to IP with SUGT1

antibody or preimmune mouse

serum (IgG) followed by

western blot with the indicated

antibodies. c Western blot of

protein complexes pulled down

with nickel beads from BL21

bacteria expressing GST or

GST-SUGT1 incubated with

His-tagged PHLPP1. d Lysates

of 293T cells co-transfected

with indicated plasmids for 48 h

were subjected to Myc IP

followed by western blot with

the indicated antibodies
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with PHLPP1 and promoted its degradation, beta-TrCP

might play a role in SGT1 mediated PHLPP1 degradation.

To rule it out, Flag-PHLPP1 and Myc-beta-TrCP were co-

transfected into 293T cells with or without SGT1 for 48 h,

and cell lysates were subjected to Myc immunoprecipita-

tion followed by western blot with Flag antibody. In con-

sistent with previously study, beta-TrCP interacted with

PHLPP1. Interestingly, in the present of SGT1, beta-TrCP

interacted with PHLPP1 more efficiently (Fig. 4d and

Supp.2), which may explain how SGT1 regulated the sta-

bility of PHLPP1.

Discussion

In the present study, we found that SGT1 was over-

expressed in most cases of gastric cancer tissues. Silencing

the expression of SGT1 by lentivirus-based siRNAs sig-

nificantly inhibited gastric cancer cells AGS growth and

colony formation. We also provided evidence that SGT1

could regulate Akt signaling pathway by modulating Akt

ser473 phosphorylation status. Moreover, we found that

SGT1 was able to regulate the stability of PHLPP1, which

is the direct phosphatase for Akt ser473 phosphorylation.

SGT1 was reported to associate with SCF complex and

may play a role in protein ubiquitination and degradation.

We further showed that SGT1 could enhance the binding

between beta-TrCP and PHLPP1 that resulted in increased

PHLPP1 degradation. The decreased PHLPP1 in turn

amplified Akt ser473 phosphorylation and downstream Akt

signaling that may explain the biological role of SGT1 in

gastric cancer.

Mammals express two distinct paralogs of beta-TrCP

including beta-TrCP1 and beta-TrCP2 with indistinguish-

able biochemical properties. Beta-Trcp1-/- mice have

been shown to have impairment in spermatogenesis and

reduced fertility without signs of gross tissue abnormalities

[23]. However, Beta-Trcp1-/- MEF cells display several

defects, including multipolar metaphase spindles, misa-

ligned chromosomes and a lengthened G2–M transition

[24]. It has been showed that 56 % of the colorectal cancer

tissues tested had increased Beta-TrCP1 mRNA and pro-

tein levels which was associated with decreased apoptosis

and poor prognosis [25]. Beta-TrCP is also overexpressed

in hepatoblastomas and breast cancers [26].

Our study identified an oncogenic role of SGT1 in

gastric cancer. Because beta-TrCP has been considered to

be an oncogene in a serial of human cancers and SGT1 is

able to enhance the binding between PHLPP1 and beta-

TrCP, it will be interesting to detect the expression pattern

between SGT1 and beta-TrCP in gastric cancer. It will be

also essential to further investigate the exact roles of SGT1

in SCF E3 ligase complex.

In summary, our results provide new insight into how

SGT1 could influence the Akt signaling pathway, which

could provide a potential mechanism by which SGT1

influences gastric cancer cells growth. Ultimately, these

data may provide the rationale for the development of

specific SGT1 inhibitors as efficient anti-cancer drugs to

against gastric cancer.
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