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Purpose: Gastric cancer (GC) remains a prevalent aggressive tumor with high morbidity and mortality globally. The identification of
GC subtypes based on molecular features improved the prediction of prognosis and the selection of targeted therapies. PTEN is
a characteristic tumor suppressor, while its association with different GC subtypes was unknown.

Patients and Methods: The cohort consisted of 248 patients diagnosed with gastric cancer who were hospitalized and received
radical gastrectomy. In addition, PTEN gene expression matrix of STAD was retrieved from TCGA. The mRNA and protein levels of
PTEN and PD-L1 were detected using qRT-PCR and IHC staining. Multivariate logistic regression and Kaplan—Meier analysis were
used to examine the relationship between PTEN expression and clinical characteristics.

Results: In our study, PTEN was downregulated in gastric tumors both in mRNA and protein levels. Its inactivation was closely linked to
higher histological grade (P = 0.005), neural invasion (P = 0.012), depth of invasion (P = 0.021), lymph metastasis (P = 0.026), and TNM
stage (P =10.001) of GC in the present study. Moreover, according to the molecular subtypes, high PTEN expression was related to high TPS
score of PD-L1 positively (P = 0.010) but was not associated with MSI and EBV infection. Further, TCGA data validated that PTEN was
indeed correlated with histological grade and invasion depth and positively related to PD-LI expression (R = 0.29, adjusted P < 0.001).
Conclusion: The above results suggested that PTEN expression was a useful marker in gastric carcinogenesis and progression and in
the selection of immunotherapy-based treatments for GC patients.
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Introduction

Gastric cancer (GC) is a kind of worldwide malignancy, with the incidence rate ranked fifth and the mortality rate ranked
third.! Despite improvements in surgical and chemotherapeutic treatment, the overall five-year survival of GC remains
poor due to late detection, recurrence and metastasis. Thus, searching for new molecular markers may further improve
the early detection and prediction of prognosis.

Cancer is a consequence of hyperactivity of proto-oncogenes or inhibition of tumor suppressors.” PTEN is a classical
tumor suppressor, and its activity is commonly inhibited in many cancers.® PTEN regulates diverse cellular processes
through various signaling pathways. PTEN inhibits cell migration and invasion by downregulating the FAK pathway,
suppresses cell differentiation by negatively regulating the MAPK pathway,* and induces cell apoptosis by antagonizing
the PI3K/Akt pathway.’

The loss of PTEN expression was frequently observed in dysplasia and carcinoma than that in normal mucosa of the
stomach, suggesting the clinical implication of PTEN in gastric carcinogenesis.® GC is a heterogeneous disease and is
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classified into intestinal-type and diffuse-type based on histological criteria.” PTEN had lower protein expression in
diffuse-type GC than in intestinal-type GC (P<0.05).° Moreover, GC was also divided into four subtypes:' tumors
positive for EBV, displaying PD-L1 amplification and DNA hypermethylation; microsatellite unstable tumors (MSI),
showing hyperactive gene mutation; genomically stable tumors (GS), displaying enriched diffuse histological variant;
tumors with chromosomal instability (CIS), showing marked aneuploidy. The molecular classification helped to screen
new therapeutic targets in distinct GC subgroups.®’ EBV-positive and MSI tumors independently contained 20% and
25% PTEN mutations.® However, PTEN protein expression in different molecular types has not been elucidated. EBV,
PD-1, PD-L1 and MSI-high are predictive biomarkers for immunotherapy.'® Avelumab (anti-PD-L1 mAb) can signifi-
cantly increase the median progression-free survival in GC/GEJ adenocarcinoma patients.'' Pembrolizumab (anti-PD-1
mADb) is also recommended as a first-line or later-line therapy for advanced GC patients.'*'* The curative effect of
avelumab on EBV-positive GC patients was more lasting than EBV-negative patients.'® Elucidating the effects of MSI,
EBYV, and PD-L1 on PTEN mRNA and protein expression will help patients choose either immunotherapy or combined
therapy for GC.

The present study first detected the prevalence of PTEN expression in a GC cohort study and evaluated the
association between PTEN mRNA and protein expression and the molecular biomarkers MSI, EBV, and PD-L1. In
addition, TCGA data in GC were analyzed to validate the above results. This research provides a scientific foundation for
selecting targeted therapies and evaluating the prognosis of GC.

Patients and Methods
Study Population

The cohort consisted of 248 patients diagnosed with gastric cancer who were hospitalized and received radical gastrectomy
from 2007 to 2018 in the Department of Gastric and Colorectal Surgery in the First Hospital of Jilin University (Changchun,
China). Demographic information (sex, age) and principal clinicopathological data were collected.

Ethics

The informed consent was signed by each participant, and the study was approved by the Ethics Committee of the First
Hospital of Jilin University (2018-382). Our study complied with the Declaration of Helsinki.

Follow-Up
Follow-up investigation began after radical gastrectomy in the third and sixth months, at 1 year and then every year.
Survival time was calculated from the surgery to the death or final successful follow-up.

TCGA Data Collection

The PTEN FPKM gene expression matrix of STAD and data on clinical characteristics were retrieved from TCGA, and
the data on molecular subtypes, microsatellite instability (MSI) statuses and EBV infection statuses were downloaded
from the cBioPortal (https://www.cbioportal.org/) based on TCGA STAD patients. High and low PTEN mRNA expres-
sion levels were assigned using the median expression of PTEN as the cutoff value.

qRT-PCR

Total RNA was isolated from gastric tumors and paired adjacent nontumors using a FastPure Cell/Tissue RNA Isolation
Mini Kit (Vazyme, China), and cDNA was synthesized using a HiScript 1st Strand cDNA Synthesis Kit (Vazyme). The
relative PTEN and PD-L1 mRNA expression were analyzed using 2~ **“" method on real-time PCR (Light Cycler 480,
Roche), and GAPDH was the internal control.'*

Immunohistochemistry Staining
Sections (4 um thick) from tissue microarray blocks were deparaffinized and incubated with PTEN (1:100, Abcam,
Cambridge, UK), PD-L1 (1:200, CST, Cambridge, UK), MLH1 (1:200, Abcam), MSH2 (1:200, Abcam), MSH6 (1:200,
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Abcam), PMS2 (1:200, Abcam) antibodies. Signals were visualized using DAB and analyzed by software (GenASIs,
Israel) and two independent pathologists (MSJ and LMQ).

PTEN protein expression was analyzed using HSCORE system.'® Briefly, HSCORE = YPi(i) (i =0, 1, 2, 3, Pi = 0—
100%), where i indicates the staining intensity, Pi indicates the percentages of stained cells. The cutoff value of the PTEN
protein expression levels were generated using ROCs, and it was classified to high and low expression groups using the
cutoff point according to the maximal Youden index.

PD-L1 protein expression was assessed with the tumor proportion score (TPS), which was calculated as the
percentage of partial/complete stained tumor cells in a sample. In addition, the MSI status was determined using IHC
staining for the four MMR proteins. MSS was defined with positive staining of all MMR proteins, and MSI was defined
with at least one MMR protein showing negative staining.'®

EBV Infections

EBYV infections were evaluated through DNA in situ hybridization (ZSGB-BIO, China). Samples with positive nuclear
staining were identified as EBV-positive.'®

Western Blot

Proteins were extracted from gastric tumor tissues using strong RIPA lysis buffer containing phosphatase inhibitors
(Kangwei, China). The proteins were separated by SDS-PAGE (Kangwei) and transferred onto PVDF membranes
(Roche). The relative protein expression levels were determined respectively using PTEN (1:1000, Abcam), PD-L1
(1:1000, Abcam) primary antibodies in an imaging system (Azure, USA). GAPDH (1:10,000, Abcam) was used as the
internal control.

Statistics

All statistical analyses were carried out using SPSS 18.0 (Chicago, IL, USA) or GraphPad Prism. Data were compared
with the ¢ test or Fisher’s exact test. The correlation between PTEN and PD-L1 mRNA expression were evaluated by
Pearson correlation analysis using ACt. The associations between PTEN protein levels and different molecular types of
GC were analyzed by multivariate logistic regression. Kaplan—-Meier survival curves were compared by the Log rank
test. A two-sided P < 0.05 was considered to be statistically significant.

Results

Frequent Loss of PTEN Expression in Gastric Cancers

The PTEN mRNA and protein expression in human gastric tumors and adjacent nontumors were independently
detected by qRT-PCR (n=24) and THC staining (n=202). The results showed that PTEN mRNA was aberrantly
downregulated in 70.8% (17/24) of gastric tumors (Figure 1A). In addition, when PTEN protein expression was
stained brown (Figure 1B), PTEN protein was strongly stained in the adjacent nontumor tissues but weakly stained
in the tumors (Figure 1C). Among these 202 gastric tumor specimens, the high PTEN protein expression rate in
gastric tumors was 15.8% (32/202), which was lower than that in the corresponding nontumor specimens (81.7%,
165/202, P<0.001) (Table 1).

Both mRNA and Protein Expression of PTEN Was Associated with the

Clinicopathological Characteristics of GC

PTEN expression was classified into high- and low-expression groups based on the cutoff of the H-score (Figure 2).
PTEN H-score >63.20 was defined as PTEN high expression, and H-score <63.19 was defined as PTEN low expression.
In addition, the correlations between PTEN protein expression and principal histopathological characteristics of the
tumors are summarized in Table 2. A total of 28.3% (15/53) of patients with low-grade tumors expressed PTEN at higher
rates than those with high-grade tumors (24/195, 12.3%) (P=0.005). In 186 patients with neural invasion, the high
expression rate was 12.4% (23/186), which was lower than that in patients without neural invasion (16/62, 25.8%)
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Figure | PTEN expression levels in gastric tumors and adjacent non-tumors. (A) Representative protein expression levels of PTEN in non-tumor and tumor tissues
(N=202). (B) Hscore of PTEN in non-tumor and tumor tissues (N=202). (C) mRNA levels of PTEN in non-tumor and tumor tissues (N=24). Brown color indicates positive
expression of PTEN antibody. **Statistically significant.

(P=0.012). A total of 14.5% (34/235) of T3/T4 gastric tumors highly expressed PTEN, which was less than that of T1/T2
gastric tumors (38.5%, 5/13) (P=0.021). Among 208 patients with lymph metastasis, 13.5% (28/208) expressed high
levels of PTEN, a lower percentage than those without lymph metastasis (11/40, 27.5%) (P=0.026). In addition, TNM III/
IV stage expressed PTEN protein at a lower level (11.1%, 20/180), which was 27.9% in TNM U/II stages (19/68,
P=0.001) (Figure 3). The results indicated that PTEN low protein expression was associated with low-grade gastric
tumors, positive neural invasion, depth of invasion, lymph metastasis and TNM stage; thus, PTEN was considered
a useful marker for the carcinogenesis of GC.

To further validate the correlation between PTEN and clinicopathological features, TCGA data from 375 gastric
cancer patients and their clinical information were downloaded and analyzed. As shown in Table 3, 46.15% (36/79)
of tubular tumors expressed PTEN at a high level, which was less than that of nontubular tumors (61.9%, 65/105)

Table | The Protein Expression of PTEN in Gastric Tumor and Adjacent Non-Tumor Tissue (N=202)

Characteristics PTEN Expression (n, %) 7 P
Low High

Adjacent non-tumor 37(18.3) 165(81.7) 175.246 <0.001*

Tumor 170(84.2) 32(15.8)

Note: *Statistically significant.
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Figure 2 Representative low and high protein expression of PTEN in different gastric tumors (N=248). (A) The representative images and (B) Hscore of PTEN protein
expression in two groups. Brown color indicates positive expression of PTEN antibody. **Statistically significant.

(P=0.015). In 147 cases with high-grade tumors, the high expression rate of PTEN was 34.01% (50/147), which was
lower than that in low-grade tumors (132/219, 60.27%) (P=0.00), suggesting that the loss of PTEN was indeed
a predictive marker of GC development. However, the survival of GC patients in either our cohort or TCGA data
were not related with PTEN expression (Figure SIA and B).

PTEN Protein Expression Was Correlated with Higher PD-LI TPS Score

EBV infection in 230 cases, MSI status in 228 cases and PD-L1 expression in 227 cases were analyzed in our
cohort to identify different molecular subtypes. PD-L1 expression was also divided into high- and low-expression
groups based on the TPS (1%) that has been applied clinically. TPS <1% was presented as low PD-L1 expression,
TPS > 1% was presented as high PD-L1 expression. Cases with a high PD-L1 scores expressed PTEN highly at
a rate of 24.7% (18/73), whereas cases with low PD-L1 scores expressed PTEN at a rate of 11.7% (18/154,
P=0.01) (Table 4), suggesting that the PTEN protein expression was positively related with the PD-L1 TPS score.
However, the distribution of PTEN among the EBV and MSI subgroups was almost the same (Table 4). As shown
in Figure 4A, PTEN and PD-L1 were expressed synchronously in gastric tumors, and the same expression trends
were also detected using Western blotting (Figure 4B).
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Table 2 Clinicopathological Characteristics of Patients According to the Expression of PTEN (N=248)

Characteristics PTEN Expression (n, %) P
Low High

Age <65 years 117 (83.0) 24 (17.0) 0.520
265 years 92 (86.0) 15 (14.0)

Sex Male 161 (83.9) 31 (l6.1) 0.737
Female 48 (85.7) 8 (14.3)

Tumor size <5 cm 90 (79.6) 23 (20.4) 0.067
25 cm 119 (88.1) 16 (11.9)

WHO Classification | Tubular 164 (83.2) 33 (16.8) 0.383
Non-tubular 45 (88.2) 6 (11.8)

Histological grade High 171 (87.7) 24 (12.3) 0.005*
Low 38 (71.7) 15 (28.3)

Vascular invasion Negative 48 (82.8) 10 (17.2) 0.717
Positive 161 (84.7) 29 (15.3)

Neural invasion Negative 46 (74.2) 16 (25.8) 0.012*
Positive 163 (87.6) 23 (12.4)

Chemotherapy No 118 (84.3) 22 (15.7) 0.995
Yes 91 (84.3) 17 (15.7)

Depth of invasion TI/T2 8 (61.5) 5 (38.5) 0.021*
T3/T4 201 (85.5) 34 (14.5)

Lymph metastasis No 29 (72.5) 11 (27.5) 0.026*
Yes 180 (86.5) 28 (13.5)

TNM stage Stage I/Il 49 (72.1) 19 (27.9) 0.001*
Stage Ill/IV 160 (88.9) 20 (11.1)

Note: *Statistically significant.

Furthermore, the molecular subtypes, microsatellite instability (MSI) and EBV infection were analyzed based on the
cBioPortal database. The data showed that PTEN was expressed differently among MSI statuses (Table 5). And PD-L1
and PTEN were expressed with positive correlation both in TCGA data (R=0.29, P<0.05, Figure 4C) and in our GC
patient cohort (R=0.36, P=0.027, Figure 4D).
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Figure 3 Correlation between clinicopathological characteristics (histological grade, neural invasion, depth of invasion, lymph metastasis, TNM stage) and the protein
expression of PTEN (N=248).
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Table 3 Clinicopathological Characteristics of Patients in TCGA According to the mRNA Expression

of PTEN (N=375)

Characteristics PTEN Expression (n, %) P
Low High

Age <65 years 80 (48.78) 84 (51.22) 0.651
265 years 107 (51.69) 100 (48.31)

Sex Male 122 (50.83) 119(49.17) 0.884
Female 68 (50.75) 66 (49.25)

WHO classification | Tubular 42 (53.85) 36 (46.15) 0.015%
Non-tubular 40 (38.10) 65 (61.90)

Histological grade High 97 (65.99) 50 (34.01) 0*
Low 87 (39.73) 132 (60.27)

Lymph metastasis Positive 61 (54.95) 50 (45.05) 0.300
Negative 119 (48.37) 127 (51.63)

TNM stage I 90 (54.88) 74 (45.12) 0.109
v 86 (45.74) 102 (54.26)

Note: *Statistically significant.

Table 4 The Protein Expression of PTEN in Different Molecular Subtypes of GC

Molecular Subtypes PTEN Expression N (%) P P Adjusted
Low High
PD-LI Low 136(88.3) 18(11.7) 0.014* 0.016*
High 55(75.3) 18(24.7)
EBV infection Negative 170(82.9) 35(17.1) 0.257 0416
Positive 23(92.0) 2(8.0)
MSI status MSS 152(85.4) 26(14.6) 0.607 0.753
MSI-L 22(95.7) 1(4.3)
MSI-H 21(77.8) 6(22.2)

Notes: *Statistically significant. P adjusted were calculated with logistic regression, adjusted by histological grade, tumor size,
neural invasion, depth of invasion, and lymph metastasis (the clinicopathological characteristics with P<0.1 in Table 2).

Discussion
In the present study, we first analyzed PTEN expression in a GC cohort based on pathological subtypes. We identified the
loss of PTEN protein expression in 57.9% of tumor and 7.1% of the adjacent nontumor cases, which was similar to other
studies reporting that PTEN protein expression was significantly higher in adjacent tissues than in cancer tissues (45.1%
vs 10.6%)."” Other studies pointed out that PTEN protein expression was decreased gradually from normal mucosa
(100%), intestinal metaplasia (98.5%), dysplasia (66.7%) to carcinoma of the stomach (47.8%), suggesting that PTEN
might participate in the malignant transition of gastric epithelial cells.®

As a tumor suppressor, PTEN participated in cellular differentiation, adhesion and mobility.'® PTEN inactivated Src/
Stat3 function and enhanced the anti-invasive potential of cancer cells.'” PTEN inactivation induced the missing of
apical-basal polarity and promoted cellular dissemination.”” PTEN decreased cell adhesion through dephosphorylation of
FAKs.?' PTEN inhibited tumorigenicity and metastasis through regulating multiple proteins, such as MMPs, IGFs and
VEGFs.?> As such, several clinical trials targeting distinct nodes of the PTEN pathway are currently in progress for
multiple cancers.”> PTEN protein expression was lower in GCs with than without neural invasion, with or without lymph
metastasis in this study, indicating that PTEN levels indicated the clinicopathological stage of GC and provided novel
drug combination strategies for GC patients.
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Figure 4 Expression of PTEN in gastric tumors with PD-LI| low and high scores independently. (A) Protein expression using IHC staining. (B) Protein expression using
Western blot. The positive relation between PTEN and PD-LI expression using TCGA data (C) and our GC patient cohort (D). Brown color indicates positive expression of

PTEN or PD-LI antibody independently.

In addition to pathological subtypes, TCGA and ACRG classified GC into distinct subtypes based on different
molecular characteristics to screen new therapeutic targets in distinct patient subgroups.®’ According to Schlosser’s
research, the positive rate of PD-L1 was higher in MSI-H GC than in MSS GC.>* PTEN mutation was prevalently
present in MSI-H GCs (>10 mt/MB). And PTEN mutation was almost the same between PD-L1" and PD-L1~ tumors.*
However, our study showed that PTEN protein expression was correlated positively with a PD-L1 score but not with MSI

Table 5 mRNA Expression of PTEN in Different Molecular Subtypes of GC from TCGA

Molecular Subtypes PTEN Expression (n, %) P
Low High
EBV infection Negative 105 (48.39) 112 (51.61) 0.214
Positive 8 (34.78) 15 (65.22)
MSI status MSS 72 (46.75) 82 (53.25) 0.006*
MSI-L 26 (66.67) 13 (33.33)
MSI-H 15 31.91) 32 (68.09)

Note: *Statistically significant.
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or EBV status in GC, which is similar to other studies reporting a significant association between PTEN and PD-L1
expression.® Although PTEN mutation is a crucial inducer of protein loss, other mechanisms, including promoter
hypermethylation, miRNAs, protein—protein interaction, posttranslational mechanisms, also cause PTEN inactivation in
GC."® Distinct models of PTEN loss are not always equivalently correlated with clinical pathologies.

As PD-L1 is an immune checkpoint biomarker for immunotherapy, PD-L1 inhibitors exhibited significant antitumor
activity in advanced GC patients.”” PTEN protein expression was positively correlated with the PD-L1 score in our study,
suggesting the potential of PTEN to supervise the response to anti-PD-1/PD-L1 antibodies. PTEN inactivation promoted
the secretion of immunosuppressive cytokines, reduced T cell infiltration at tumor sites, and inhibited T cell expansion.
Importantly, anti-PD-1, pembrolizumab and nivolumab, had better clinical efficacy in patients with PTEN-positive
tumors than those with PTEN-negative tumors.*® In addition, clinical trials of anti-PD-1/PD-L1 also showed that patients
with PTEN alteration had lower ORR, shorter PFS and shorter OS*® in metastatic triple-negative breast cancer, indicating
that wild-type PTEN might be sensitive to immunotherapies.

Although immunotherapy is a promising treatment for multiple malignancies, the majority of patients did not respond
to the approach. To date, only AMMR (mismatch repair deficiency) and PD-L1 expression have been utilized to estimate
the effects of immunotherapy.”®*° Patients with high expression of PD-L1 always got better results to anti-PD-1/PD-L1
immunotherapy, and new biomarkers to estimate the benefit and toxicity of immunotherapy are urgently needed.

In colorectal cancer cells, PTEN silencing increased PD-L1 protein expression while had no effects on PD-LI mRNA,
indicating that PTEN loss might influence PD-L1 protein stabilization.’’ In melanoma cancer cells, PD-L1 expression does not
correlate with PTEN loss.?® Moreover, PTEN-positive tumors can increase PD-L1 protein levels both in IFN-y-dependent and
IFN-y-independent patterns, consequently evading immune surveillance.*> Above all, the relation between PTEN and PD-L1
was conflicted, suggesting that further study of PD-L1 expression in a PTEN loss context is required.

Conclusion
Conclusively, both mRNA and protein PTEN expression was associated with gastric carcinogenesis, progression and PD-
L1 TPS score and may serve as a supervisor to predict the benefit and toxicity to immunotherapy in patients with GC.
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