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Abstract
Introduction: The aim of this study was to perform a clinicopathologic analysis of PHLPP1 expression in gastric cancer patients

and analyze AKT activity with chemotherapy drug treatment in cancer subtypes. Materials and Methods: Surgically resected

gastric cancer tissue specimens were obtained from 309 patients who underwent gastrectomy, and PHLPP1 expression was vali-

dated by tissue microarray analysis with immunohistochemistry. We assessed whether PHLPP1 selectively dephosphorylates

Ser473 of AKT in an in-vitro study. Results: We found that the PHLPP1 overexpression (OE) group showed significantly greater

proportions of differentiated subtype samples and early T stage samples, lower lymph node metastasis, and lower TNM stage than

the PHLPP1 underexpression (UE) group. The overall survival of the PHLPP1-OE group was significantly higher (53.39± 0.96

months) than that of the PHLPP1-UE group (47.82± 2.57 months) (P= .01). In vitro analysis, we found that the PHLPP1-OE

group showed a significant decrease in relative AKT S-473 levels in both cell lines (MKN-74 and KATO-III). We found that treat-

ment with chemotherapy drugs decreased the activity of Ser473 in the MKN-74 cell line with PHLPP1 OE, but it did not affect the

activity of Ser473 in KATO-III cells. Conclusion: We found that patients who overexpressed PHLPP1 showed low recurrence

and good prognosis. PHLPP1 was found to work by lowering the activity of AKT Ser473 in gastric cancer. Additionally, we found a

clue regarding the mechanism of chemotherapeutic drug resistance in a cell line of signet ring cell origin and will uncover this

mechanism in the future.
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Introduction
According to the 2020 GLOBOCAN report, gastric cancer is
the world’s fifth most common cancer and fourth ranking in
cancer mortality.1 Known as an important cause of stomach
cancer, Helicobacter pylori infection is known to exist in
approximately 50% of the world’s population.2 The higher
the infection rate is, the higher the incidence of stomach
cancer. Dr Corea established the hypothesis that intestinal
type gastric cancer is caused by H pylori.3 However, in the
case of diffuse types, no obvious cause or hypothesis has
been established. Some studies have reported that the diffuse
type shows poorer survival and higher recurrence than the intes-
tinal type.4–6 The signet ring cell (SRC) type is a subtype that
has poor prognosis as long as it is included in the diffuse
type. SRC gastric accounts for approximately 3.4% to 50% of
gastric cancer cases.5,7,8 SRCs have a small nucleus on one
side and a cytoplasm that is full of mucus and rarely form
lines or coronary structures. The prognosis of SRC gastric
cancer is different in early and advanced stages. In the early
stage, the early detection and treatment of SRC are better
than those of cancers of other tissue types, but in the case of pro-
gressive gastric cancer, cancer cells tend to invade, and the
lymph node metastasis rate is generally high, resulting in a
poor prognosis compared to that of cancers of other tissue
types.8–10

Previously, we compared the differentiated and SRC subtypes
of gastric adenocarcinoma by next-generation sequencing (NGS),
and we found 30 biomarker candidates.11 Among these, PHLPP1
was identified, and it is assessed in this study. Pleckstrin homology
domain leucine-rich repeat protein phosphatases (PHLPPs)
include a pair of protein phosphatases (PHLPP1 and PHLPP2)
involved in the regulation of Akt serine–threonine kinase and
protein kinase C (PKC) signaling. The N-terminus of Akt includes
PH domains that PIP2 and PIP3 can bind and threonine 308
(T308), which is important for active loop activation of catalytic

domains.12,13 The C-terminus contains serine 473 (S473), which
is important for full activation of the hydrophobic domain.14–16

It has been reported that PHLPPs inhibit cancer cell proliferation
and may act as tumor suppressors.17

Moreover, some studies have revealed that decreased or lost
expression of PHLPPs is present in many human tumors, such
as prostate cancer, colon cancer, lung cancer, chronic lymphocytic
leukemia, pancreas cancer, and glioblastoma.14,15,17–20 Human
colorectal cancer (CRC) patient microarray data revealed that
the expression of PHLPPs is positively correlated with that
of CDH1. The researchers found that silencing PHLPP
expression increased the invasiveness of CRC cells by inducing
epithelial–mesenchymal transition in vitro.21 In melanoma,
PHLPP1 downregulates Akt activation and inhibits the prolifera-
tion and survival of melanoma cells.22 Overexpressed PHLPP1
induces the activation of Akt, which inhibits the proliferation
and survival of melanoma cells in vitro. In melanoma, PHLPP1
was reported to be controlled by Akt S473, but this relationship
has not been identified in stomach cancer. Additionally, retardation
of melanoma tumor growth has also been reported in a xenograft
mouse model.

The aim of this study was to perform a clinicopathologic
analysis of PHLPP1 expression and analyze Akt activity with
chemotherapy drug treatment in gastric cancer subtypes.

Materials and Methods
The reporting of this study conforms to STROBE guidelines.23

Ethics Statement
This study was designed and conducted in accordance with the
principles of the Helsinki Declaration (as revised in 2013). The
study was approved by the Institutional Review Board of
Gyeongsang National University Hospital (GNUHIRB
2009-54). Prior to the experiment, informed consent was
obtained from all patients.

RNA Extraction and NGS
This study is a retrospective cohort comparative study of
intestinal-type gastric cancer (IGC, well and moderately differ-
entiated cell types) and diffuse-type gastric cancer (DGC, SRC
type). We collected 8 total surgical samples: 5 IGC samples and
3 diffuse-type gastric cancer DGC samples. We compared
expression profiles between clinically comparable samples
using transcriptome resequencing data. We performed variant
analysis and network analysis via the Ingenuity Pathway
Analysis system (Qiagen).11

Validation of PHLPP1 Expression by Tissue Microarray
Analysis with Immunohistochemistry
Surgically resected gastric cancer tissue specimens were
obtained from 309 patients who underwent gastrectomy at

Figure 1. Immunohistochemistry staining of PHLPP1 was performed
using a polyclonal anti-rabbit PHLPP1 antibody. Signal intensity was
scored as the percentage of PHLPP1-positive cells in the following
manner: score 0 (<0%), score 1 (1%-25%), score 2 (25%-49%), and
score 3.
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the Gyeongsang National University Hospital between
January 1, 2004, and December 31, 2007. The patients
selected by consecutively who agree to informed consent.
The following inclusion criteria were used in this study: histo-
logically proven primary gastric adenocarcinoma; subtotal and
total gastrectomy as the surgical method. Medical charts and
pathological reports were reviewed. Immunohistochemistry
staining and quantitation of immunostained cells were per-
formed as described previously.11 We assessed the mortality
via an examination of the medical chart after a recent visit,
and we called patients who had not visited the hospital for 6
months. We censored patients who did not visit for more than
6 months and did not receive the telephone call. For survival
analysis, we consulted the National Statistical Office of the
Republic of Korea.

We conducted the study by deleting patient information from
all the information in the research process. When reading the
immunohistochemistry staining, the reading was conducted
without patient information. Immunohistochemistry staining
of PHLPP1 was performed using polyclonal anti-rabbit
PHLPP1 antibody (2 µg/mL; ab71972, Cambridge). Signal
intensity was scored as the percentage of PHLPP1-positive
cells in the following manner: score 0 (<0%), score 1
(1%-25%), score 2 (25%-49%), and score 3 (50%-74%;
Figure 1).

Cell Lines and Transfection
Human gastric cell lines (MKN-74 and KATO-III) were pur-
chased from the Cell Line Bank. Cells were maintained in
RPMI 1640 media (Gibco, Thermo Fisher Scientific, Inc.) sup-
plemented with 10% fetal bovine serum (Gibco, Thermo Fisher
Scientific, Inc.) and penicillin (100 U/mL, Thermo Fisher
Scientific, Inc.) and cultured at 37 °C in a humidified air atmo-
sphere containing 5% CO2. A full-length human PHLPP1
expression vector was purchased from Addgene (pcDNA3
HA-PHLPP1 full length #37100). The overexpression (OE)
plasmid transfection was performed using Lipofectamine
2000 (Invitrogen; Thermo Fisher Scientific, Inc.) according to
the manufacturer’s instructions. The chemotherapy drugs
5-FU (10 μM) (Sigma, MO), cisplatin (250 nM) (Dong-A
ST), and oxaliplatin (1 μM) (Eloxatin, Sanofi-Avents, NJ)
were administered for 3 days.

Western Blotting
Twenty micrograms of protein from each extract was loaded
onto 8% to 12% SDS-polyacrylamide gel electrophoresis gels
and transferred to PVDF membranes (iBlot, 2PVDF Regular
Stacks, Invitrogen, Thermo Fisher Scientific, Inc.)
Membranes were blocked in 5% w/v bovine serum albumin
(BSA), 1X TBS and 0.1% Tween® 20 at room temperature
for 1 h. The membrane was incubated with diluted primary anti-
body (phospho-Akt [Ser473] #4060, phospho-Akt [Thr308]
[D25E6] #13038, or Akt #9272 HA-Tag [C29F4] #3724;
1:1000; Cell Signaling Technology) in TBS/Tween 20 (0.1%
v/v) containing 5% BSA at 4 °C overnight. After washing,
the membranes were incubated with a secondary antibody (anti-
mouse IgG or anti-rabbit IgG; 1:2000; Thermo Fisher

Table 1. Comparison of the clinicopathological features of the
PHLPP1-OE and PHLPP1-UE groups according to
immunohistochemistry analysis of tissues from 309 gastric cancer
patients.

Level of PHLPP1 expression

P

Under
expression
(0-1+ )

Overexpression
(2+ -3+ )

WHO classification <.001
WD/MD/PD/
Mucinous/SRC

2/6/31/3/7 60/102/68/5/20

Lauren classification <.001
Intestinal 6 (12%) 162 (62.5%)
Diffuse 27 (54%) 33 (12.7%)
Mixed 1 (2%) 10 (3.9%)

Tumor invasion .001
EGC (T1) 13 (26%) 134 (51.7%)
AGC (T2∼4) 37 (74%) 125 (48.3%)

LN metastasis <.001
Absent 18 (36%) 164 (63.3%)
Metastasis (≥ 1) 32 (64%) 95 (36.7%)

TNM stage <.001
I 15 (30%) 150 (57.9%)
II 6 (12%) 50 (19.3%)
III-IV 29 (58%) 59 (22.8%)

Cancer related death 18/50 (28.1%) 46/259 (17.8%) .007
Recurrence 22/50 (44%) 56/259 (21.6%) .002

Abbreviations: WHO, World Health Organization; WD, well differentiated;
MD, moderately differentiated; PD, poorly differentiated; SRC, signet ring cell
carcinoma; LN, lymph node; PPase, inorganic pyrophosphatase; EGC, early
gastric cancer; AGC, advanced gastric cancer.

Figure 2. The overall survival of the PHLPP1-OE group was
significantly higher than that of the PHLPP1-UE group (P= .01).

Park et al 3



Scientific, Inc.) conjugated with horseradish peroxidase, fol-
lowed by detection with enhanced chemiluminescence reagents
(Bio-RAD Laboratories, Inc.).

Chemotherapy Drug Treatment
We measured and compared the concentrations of total AKT,
threonine 308, and serine 473 in the control and
PHLPP1-overexpressing MKN-74 and KATO-III cells. We
checked the AKT change in the treatment of anticancer drugs
in MKN-74 and KATO-III cells. 5-FU, cisplatin, and oxalipla-
tin were administered to the control and OE cell lines, and the
effects were observed after a day.

Statistical Analysis
All statistical analyses were performed using SPSS Statistics
version 24 (IBM SPSS, Inc.). Data represent the mean± SD.
The statistical analyses of the mean values were performed
via T tests, and the statistical analyses of the frequency were
performed with χ2 tests. The Kaplan-Meier method was used
for survival analysis. In all analyses, P values less than .05
were considered statistically significant.

Results

The PHLPP1-OE Group Showed Better Prognosis Than
the PHLPP1-UE Group
We selected PHLPP1 out of 30 cancer driver genes and ana-
lyzed the manifestations and clinical prognosis with gastric
cancer tissue samples. We scored PHLPP1 expression in
gastric cancer samples using immunohistochemistry. The
PHLPP1 score distribution was as follows: score 0, N= 17
(5.5%); score 1, N= 33 (10.7%); score 2, N= 83 (26.9%);

and score 3, N= 176 (57%) (Figure 1). We divided patients
scoring 2+ or 3+ into the PHLPP1 OE group and those
scoring 0 or 1+ into the PHLPP1-underexpression (UE)
group to analyze clinicopathological factors.

In the WHO classification, the PHLPP1-OE group had the
largest proportion of moderately differentiated (MD) samples
(40%), the PHLPP1-UE group had the largest proportion of
poorly differentiated (PD) samples (63%), and the proportion
of SRC samples was 14.3% (P< .01). In the T stage subgroup,
there were obviously more cases of advanced gastric cancer
(AGC) in PHLPP1-UE (74%) than in PHLPP1-OE (48.3%)
(P< .01). In the N stage subgroup analysis, the lymph node
metastasis group had a significantly higher proportion of
PHLPP1-UE samples (64%) than the PHLPP1-OE group
(36.7%) (P< .01). In the TNM classification subgroup, the
stage III-IV group had a significantly higher proportion of
PHLPP1-UE samples (58%), while the proportion of
PHLPP1-OE samples was 22.8%. The PHLPP1-UE group
also had a much higher rate of recurrence (44%) than the
PHLPP1-OE group (21.6%) (P< .01) (Table 1).

We found the PHLPP1-OE group showed significantly
higher proportions of differentiated samples and early T stage
samples, lower lymph node metastasis, and lower TNM stage
than the PHPP1-UE group. The overall survival of the
PHLPP1-OE group was significantly higher (53.39± 0.96
months, 95% CI, 51.51-55.28 months) than that of the
PHLPP1-UE group (47.82± 2.57 months, 95% CI 42.78-52.85)
(P= .01) (Figure 2).

PHLPP1-OE Reduces the Activity of AKT S-473, a
Moderate Cancer-Activating Signal
We conducted a comparative study of SRC and WD samples
using NGS in a previous study. Network analysis of cancer
driver genes extracted through variant analysis was performed.

Figure 3. Network and expression analyses of PHLPP1 and Akt. (A) Network analysis of PHLPP1 and Akt. (B) We measured the levels of total
AKT, T308, and S473 in MKN-74 gastric cancer cells with PHLPP1 overexpression. (C) We measured the levels of total AKT, T308, and S473 in
KATO-III gastric cancer cells with PHLPP1 overexpression.
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As a result, PHLPP1 was confirmed to be expressed through the
AKT pathway (Figure 3A).

We measured total AKT, T308, and S473 after overexpress-
ing PHLPP1 in KATO-III cells (DGC origin) and MKN-74
cells (IGC origin). We found that the PHLPP1-OE group
showed a significant decrease in relative Akt S473 levels in
both cell lines (MKN-74 and KATO-III), but there were no dif-
ferences in relative Akt T308 levels in either cell line (Figure 3B
and C).

PHLPP1-OE Does not Reduce AKT S-473 After Treatment
With Chemotherapeutic Drugs in KATO-III Cells
To determine the relationship between PHLPP1 and chemother-
apy drug resistance, we assessed the change in S473 levels after
treating PHLPP1-OE gastric cancer cell lines with chemother-
apy drugs.

We found that the level of S473 in PHLPP1-OE MKN-74
cells (differentiated cancer origin) was decreased after treatment
with chemotherapy drugs (5-FU, cisplatin, and oxaliplatin)
(Figure 4A). However, the level of S473 was not affected in
the PHLPP1-OE KATO-III cell line (SRC cancer origin) com-
pared with that in the control groups (Figure 4B).

Discussion
The aim of this study was to perform a clinicopathologic anal-
ysis of PHLPP1 and analyze the relationship of Akt expression
with chemoresistance in gastric cancer subtypes. We found that
patients who overexpressed PHLPP1 showed lower recurrence
and better prognosis than those who underexpressed PHLPP1.
Additionally, the PHLPP1-OE group showed a decreased

level of AKT s473 in differentiated cells (MKN-74), but the
level of AKT s473 was not reduced in SRC-origin cells
(KATO-III) after treatment with chemotherapy drugs.

Previously, we compared 2 groups of extremes by comparing
DGC samples, which have the poorest prognosis (SRC type),
with IGC samples, which have the best prognosis. We found
that there was a large difference in adhesion, vascular develop-
ment, and cell-to-cell junction components between the 2 sub-
types. We performed whole transcriptome analysis by NGS, and
we found 30 biomarker candidates by variant analysis.11 Among
these biomarker candidates, PHLPP1 was addressed in this study.

PHLPP1 belongs to a novel family of serine–threonine protein
phosphatases that play an important role in maintaining the
balance in cell signaling.24 Two isoforms of PHLPPs, namely,
PHLPP1 and PHLPP2, have been reported in this phosphatase
family. PHLPP1 has also been reported as an important regulator
of AKT serine–threonine kinases (AKT1, AKT2, and AKT3)
and conventional/novel PKC isoforms. PHLPPs dephosphorylate
S473 (the hydrophobic motif) in AKT, thus partially inactivating
the kinase. Threonine 308, within the activation loop, is phos-
phorylated by PDK1, allowing full AKT activation. Among
PHLPP1 targets is the S473 regulatory region, and the effect of
its phosphorylation on AKT function is controversial. The
Yanlin Yu group reported that PHLPP1 inhibits the activity of
Akt2 but not AKT1, thereby inhibiting metastasis of mela-
noma.25 Sigeki Miyamoto reported that PHLPP1 inhibits the
activity of AKT (S473) and cell survival in the heart.26

PHLPPs may act as tumor suppressors in several types of
cancer due to their ability to block growth factor-induced signaling

in cancer cells.21 In stomach cancer, 2 studies from China have

reported that gastric cancer with low or lack of expression of

PHLPP1 has poor prognosis.27,28 Studies have shown that there

Figure 4. PHLPP1 was overexpressed in stomach cancer cells after treatment with various chemotherapeutic drugs. (A) The overall level of AKT
S473 in MKN-74 cells was decreased compared with that in the control groups. (B) The level of AKT-S473 in KATO-III cells was not affected by
drugs compared with that in the control groups.
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are high proportions of advanced TNM stage and poor survival
samples in PHLPP1-UE groups of gastric cancer patients, which
is similar to the results of our studies. We additionally found
that recurrence was also higher in the PHLPP1-UE group than
in the PHLPP1-OE group. Previously, we found that the
PHLPP1 variant gene was present in 2/3 of SRC samples via
NGS, but there were no gene variations in differentiated cancer
samples (0/5). This result gives insight into cancer development
because PHLPP1 is a tumor suppressor. To understand PHLPPs
in gastric cancer, we performed a study and found that Akt was
also a target of PHLPPs, as it is in other cancers.

We confirmed the reduction in Akt S473 in PHLPP1-OE
MKN-74 cells treated with chemotherapy drugs. However,
Akt S473 activity was reduced only in the control group,
and Akt S473 activity was the same or increased activity
after treatment with 5-FU, cisplatin, and oxaliplatin in the
KATO-III groups. It has been clinically reported that SRC
patients have a worse prognosis than non-SRC AGC patients.8

One cause of this may be the development of chemotherapy
drug resistance in SRC patients. Understanding chemotherapy
drug-resistance mechanism is important for the development of
chemotherapy. In the future, we will conduct a miRNA/gene reg-
ulation study that affects the development and progression of
gastric cancer to investigate carcinogenesis of diffuse type
gastric cancer.29–31

This study has limitations. (1) We did not perform power
calculation to determine the number of patients before conduct-
ing the study. (2) We could not conduct knock-in or knock-out
functional studies in vitro. Additionally, (3) the number of SRC
patients was small, so it was not possible to determine if
they had more chemoresistance than the non-SRC group.
However, network analysis of PHLPP1 revealed the relation-
ship between PHLPP1 and Akt in gastric cancer and confirmed
the increase in Akt expression caused by PHLPP1.

Conclusion
We found that patients who overexpressed PHLPP1 showed
lower recurrence and a better prognosis than those who under-
expressed PHLPP1. Additionally, overexpressed PHLPP1
showed targetability and the potential to activate Akt.
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