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1  | INTRODUC TION

The anoctamin family consists of transmembrane proteins in 10 iso-
forms and anoctamins (ANOs) are broadly expressed in epithelial 
and non-epithelial tissues.1 ANOs mediate various functions, such 
as chloride ion transporters and phospholipid scramblase across 
the membrane.1-8 These findings demonstrated that each subtype 
exhibits ion channel activity, scramblase activity, or both, however 

these functions remain unclear. Anoctamin 9 (ANO9) was recently 
shown to be crucially involved in the progression of various cancers, 
such as colorectal cancer9 and pancreatic cancer.10 However, its con-
tribution to the progression of gastric cancer (GC) and the clinical 
significance of its expression have not yet been examined in detail.

Programmed cell death 1 ligand 2 (PD-L2) is a cell surface protein 
that has been detected in some cancers including colorectal cancer,11,12 
esophageal cancer,13,14 GC,15,16 hepatocellular carcinoma,17,18 breast 
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Abstract
The function of ANO9 in gastrointestinal cancer remains unclear. We investigated 
the biological behaviors and clinical prognostic values of ANO9 in gastric cancer 
(GC). Knockdown experiments were performed on human GC cell lines using ANO9 
siRNA. Eighty-four primary tissue samples from patients with advanced GC were ex-
amined immunohistochemically (IHC). Knockdown of ANO9 reduced the progression 
of cancer cells in MKN7 and MKN74 cells. A microarray analysis revealed that ANO9 
regulated PD-L2 via interferon (IFN)-related genes. We confirmed using flow cytom-
etry that the depletion of ANO9 reduced the binding ability to PD-1 by downregulat-
ing the expression of PD-L2 in MKN7 and MKN74 cells. IHC revealed a correlation 
between the expression of ANO9 and PD-L2 and also that the strong expression of 
ANO9 was an independent poor prognostic factor in patients with advanced GC. The 
present results indicate that ANO9 regulates PD-L2 and binding ability to PD-1 via 
IFN-related genes in GC. Therefore, ANO9 has potential as a biomarker and target of 
immune checkpoint blockage (ICB) for GC.
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cancer,19 and renal cell carcinoma20 and regulates immune responses in 
cancer. Previous studies have suggested that programmed cell death 1 
ligand 1 (PD-L1) was the only ligand for programmed cell death-1 (PD-1).  
However, PD-L2 has since been identified as a ligand for PD-121 and 
is now attracting increasing attention as a new biomarker for immune 
checkpoint blockage (ICB) and as a therapeutic target.

We previously reported that several chloride ion channels 
and transporters played important roles in human GC. For exam-
ple, intracellular chloride regulated cell proliferation22 and the cell 
cycle,23,24 and furosemide, a blocker of the Na+/K+/2Cl− co-trans-
porter, induced G0/G1 arrest,25 while the blockade of chloride ion 
transport enhanced the cytocidal effects of hypotonic solution.26 In 
the present study, we focused on the expression of ANO9 in GC 
and investigated the function of ANO9 in the regulation of cancer 
growth using small interfering RNA (siRNA). The results obtained 
revealed a relationship between ANO9 and PD-L2 in the process 
of the functional analysis of ANO9. There is currently no evidence 
to show that ion transporters regulate PD-L2; therefore, we exam-
ined the effects of the knockdown of ANO9 on cancer immunity. We 
also investigated the expression of ANO9 and PD-L2 in GC tissue 
samples and analyzed its relationship between these genes and its 
prognostic impact in patients with GC.

2  | MATERIAL S AND METHODS

2.1 | Cell lines, antibodies, and others

The GC cell lines MKN7, MKN45, MKN74, HGC27, and NUGC4 were 
purchased from the Riken Cell Bank. These cells were cultured in RPMI-
1640 (Nacalai Tesque) supplemented with 100 μg/mL of streptomy-
cin, 100 U/mL of penicillin, and 10% fetal bovine serum (FBS). Cells 
were cultured at 37°C in a 5% CO2 incubator. The rabbit polyclonal 
anti-ANO9 antibody used in the immunohistochemical (IHC) analy-
sis and western blotting was purchased from Abcam (ab140087). The 
rabbit polyclonal anti-PD-L2 antibody used in the IHC analysis was 
purchased from ProteinTech (18251-1-1AP). The mouse monoclonal 
anti-PD-L1 antibody was purchased from Cell Signaling Technology 
(#13684), the mouse monoclonal anti-CD8 antibody was purchased 
from Abcam (ab17147) and the mouse monoclonal anti-β-actin 
(ACTB) antibody was purchased from Sigma-Aldrich. Horseradish 
peroxidase (HRP)-conjugated anti-rabbit and mouse secondary anti-
bodies were obtained from Cell Signaling Technology. We obtained 
PE anti-PD-L1 antibody (#329706) and APC anti-PD-L2 antibody 
(#329608) from Biolegends and recombinant human PD-1 (PE) from 
Abcam (ab246145). We purchased IFNα from EnoGene Biotechnology 
(E6L00101) and STAT3 inhibitor from Abcam (ab120952).

2.2 | Western blotting

Cells were washed twice with ice-cold PBS and lysed in M-PER buffer 
(Pierce) with protease inhibitors (Pierce). The modified Bradford 

assay (Bio-Rad) was used to measure protein concentrations. Equal 
amounts of protein (10 mg/lane) were subjected to 10% SDS-PAGE 
gels and transferred to PVDF membranes (GE Healthcare), which 
were subsequently incubated with the indicated antibodies at 4°C 
for 24 h. An Amersham Imager 680 (GE Healthcare) was used to ana-
lyze band densities.

2.3 | Real-time reverse transcription-polymerase 
chain reaction (RT-PCR)

RNA was extracted from cancer cells using an RNeasy kit (Qiagen). 
A real-time quantitative PCR analysis was performed using the Step 
One plus Real-Time PCR System (Applied Biosystems) and TaqMan 
Gene Expression Assays (Applied Biosystems). PCR thermal cycle 
conditions were as follows: an initial step at 95°C for 10 min, fol-
lowed by 40 cycles at 95°C for 15 s and at 60°C for 1 min. The 
expression levels of the following genes were assessed: ANO9 
(Hs00947743_m1), PD-L1 (CD237) (Hs01125301_m1), PD-L2 
(PDCD1LG2) (Hs01057777_m1), interferon (IFN) α-receptor1 
(IFNAR1) (Hs01066116_m1), p21(CDKN1A) (Hs00355782_m1), JNK 
(MAPK8) (Hs01548508_m1), VIM (vimentin) (Hs00958111_m1), 
MMP2 (Hs00234422_m1), and MMP9 (Hs00234579_m1). The ex-
pression level of each gene was normalized to the housekeeping 
gene ACTB (Hs01060665_g1) (Applied Biosystems). Assays were 
performed in triplicate.

2.4 | siRNA transfection

Lipofectamine RNAiMAX reagent (Invitrogen) was used in all siRNA 
reverse transfection procedures at a final siRNA concentration of 
24 nmol/L, as described by the manufacturer. ANO9 siRNA (Stealth 
RNAi™ siRNA #HSS179461) and control siRNA (Stealth RNAi™ 
siRNA Negative Control) were purchased from Invitrogen.

2.5 | Cell proliferation

Cells were seeded at a density of 0.8 × 105 cells/well for MKN7 cells 
and 1.2 × 105 cells/well for MKN74 cells on 6-well plates and incu-
bated at 37°C in a 5% CO2 in air incubator. siRNA was transfected 
at the same time as seeding. Cells were then detached from the 
plates using trypsin-EDTA 48 and 72 h after siRNA transfection and 
counted with a hemocytometer.

2.6 | Cell cycle assay

Cell cycle phases were assessed 48 h after siRNA transfection using 
flow cytometry with BD Accuri C6 (Becton-Dickinson Biosciences), 
as described by the manufacturer. Cells were detached from plates 
using trypsin-EDTA and treated with Triton X-100, and cell nuclei 
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were then stained with propidium iodide (PI) RNase staining buffer 
(BD Biosciences). The content of DNA was measured using flow cy-
tometry with BD Accuri C6. At least 10 000 cells were analyzed.

2.7 | Apoptosis assay

Cells were evaluated 48 h after transfection and stained using the 
Annexin V-FITC Kit (Beckman Coulter). The proportion of early or 
late apoptotic cells was measured by flow cytometry with BD Accuri 
C6 (BD Biosciences), as described by the manufacturer. At least 
10 000 cells were analyzed.

2.8 | Migration and invasion assays

A cell culture insert with 8-μm pores (BD Biosciences) and 24-well 
plates were used in the migration assay, while the invasion assay was 
conducted with Biocoat Matrigel (BD Biosciences). At 48 h after siRNA 
transfection, MKN7 cells were seeded at a density of 1.0 × 105 cells/
well and MKN74 cells at 2.0 × 105 cells/well into the upper chamber 
in RPMI-1640 (serum-free). The lower chamber contained RPMI-1640 
with 10% FBS. After a 48-h incubation, any Matrigel and cells remain-
ing in the upper chamber were removed. Migrated or invaded cells 
were stained using Diff-Quick staining reagents (Sysmex) and counted 
in 4 independent fields of view. Each assay was performed in triplicate.

2.9 | Microarray sample preparation

MKN7 cells were transfected with control siRNA and ANO9 siRNA, 
and total RNA was then extracted using a RNeasy kit (Qiagen). 
Cyanine 3 (Cy3)-labeled cRNA was prepared from 0.1 μg total RNA 
using the Low Input Quick Amp Labeling Kit (Agilent Technologies), 
as described by the manufacturer, and then subjected to RNeasy 
column purification (Qiagen). Dye incorporation and cRNA yields 
were assessed using a NanoDrop ND-2000 spectrophotometer. A 
total of 0.6 μg of Cy3-labeled cRNA was fragmented at 60°C for 
30 min in a reaction volume of 25 μL containing 1× Agilent frag-
mentation buffer and 2× Agilent blocking agent, as described by the 
manufacturer. After the fragmentation reaction, 25 μL of 2× Agilent 
hybridization buffer was added to the fragmentation mixture and 
hybridized to SurePrint G3 Human GE 8x60K Microarray v.3.0 
(Agilent Technologies) at 65°C for 17 h in a rotating Agilent hybridi-
zation oven. After hybridization, microarrays were washed at room 
temperature for 1 min with GE Wash Buffer 1 (Agilent Technologies) 
and at 37°C for 1 min with GE Wash Buffer 2 (Agilent Technologies).

2.10 | Microarray data processing

Slides were scanned on the Agilent SureScan Microarray Scanner 
(G2600D) using the one-color scan setting for 8 × 60k array 

slides. These images were then examined using Feature Extraction 
Software (Agilent Technologies) with the default parameters, 
and background-subtracted and spatially detrended Processed 
Signal intensities were obtained. Microarray data were investi-
gated using Ingenuity Pathway Analysis (IPA) software (Ingenuity 
Systems, Inc).

2.11 | Surface PD-L1 /PD-L2 expression and 
binding ability to PD-1

Surface PD-L1 and PD-L2 expression were evaluated 48 h after 
siRNA transfection using flow cytometry with a BD Accuri C6 flow 
cytometer (BD Biosciences). Binding ability to PD-1 was assessed 
48 h after siRNA transfection using flow cytometry with BD Accuri 
C6 (BD Biosciences). We applied recombinant human PD-1 (PE) ac-
cording to the manufacturer's instructions. The experiment was per-
formed 1 h after the application of these regents. At least 10 000 
cells were analyzed.

2.12 | Patients and primary tissue samples

Eighty-four patients with histologically confirmed primary advanced 
GC who underwent gastrectomy between 2011 and 2013 at Kyoto 
Prefectural University of Medicine were enrolled in the present 
study. Informed consent was provided by all patients prior to their 
enrollment. Patients who underwent non-curative resection or re-
ceived preoperative chemotherapy were excluded. Twenty-one pa-
tients (25.0%) died in the follow-up period. The median follow-up 
time was 1743 d (range, 1081-2306 d). Patients were staged using 
the International Union Against Cancer (UICC)/TNM Classification 
of Malignant Tumors (8th edition).27 The present study was approved 
by the Institutional Review Board of Kyoto Prefectural University of 
Medicine (ERB-C-1195).

2.13 | IHC

IHC staining was performed using the Vectastain ABC Elite Kit 
(Vector Laboratories) with the avidin-biotinylated peroxidase com-
plex (ABC) method. Sections were deparaffinized in xylene and 
rehydrated in an ethanol series. Endogenous peroxidase activity 
in sections was blocked by an incubation in 0.3% H2O2 for 30 min. 
Endogenous biotin, biotin receptors, and avidin-binding sites were 
blocked using an Avidin/Biotin Blocking Kit (Vector Laboratories). 
Slides were then incubated with the ANO9 antibody (diluted 1:100) 
or PD-L2 antibody (diluted 1:100) at room temperature for 1 h and 
at 4°C overnight. Visualization was performed using a standard ABC 
method. Counterstaining was conducted with hematoxylin.

The semi-quantitative grading of IHC scores was performed 
based on staining intensities and the proportions of stained can-
cer cells. Staining intensity was scored as 0 (no staining), 1 (weak 
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staining), 2 (moderate staining), or 3 (strong staining). The propor-
tion of stained cells was assessed as a percentage of the stained area 
in the cancer area and scored from 0 to 1.0. The IHC score of each 
sample was calculated as the maximum multiplied product of inten-
sity and proportion scores (0-3.0).

2.14 | Statistical analysis

Categorical data were analyzed using the chi-squared test or Fisher 
exact test. Survival rates were estimated using the Kaplan-Meier 
method and survival curves were analyzed using the Log-rank test for 
equality. Prognostic factors for the multivariate analysis were identi-
fied using Cox proportional hazard model. Statistical analyses were 

conducted using the statistical software JMP v.12 (SAS Institute Inc). 
Differences were considered to be significant when the P value was 
<.05.

3  | RESULTS

3.1 | ANO9 expression in GC cells

To evaluate ANO9 expression in GC, western blotting was per-
formed on 5 human GC cell lines. The results showed that ANO9 
was strongly expressed by MKN7 and MKN74 cells (Figure 1A). 
Knockdown experiments were performed using ANO9 siRNAs and 
the effects of the depletion of ANO9 on tumor progression were 

F I G U R E  1   ANO9 controlled 
proliferation and the cell cycle in gastric 
cancer (GC) cells. A, Western blotting 
showed that ANO9 was strongly 
expressed in MKN7 and MKN74 cell 
lines in GC. B, Western blotting revealed 
that ANO9 siRNA effectively reduced 
ANO9 protein levels in MKN7 and 
MKN74 cells. C, ANO9 siRNA effectively 
reduced ANO9 mRNA levels in MKN7 
and MKN74 cells. Mean ± SEM. n = 3. 
*P < .05 (significantly different from 
control siRNA). D, Downregulation of 
ANO9 inhibited the proliferation of 
MKN7 and MKN74 cells. The number 
of cells was counted 48 and 72 h after 
siRNA transfection. Mean ± SEM. n = 3. 
*P < .05 (significantly different from 
control siRNA). E, Downregulation of 
ANO9 increased the number of cells in the 
G2/M phase in MKN7 and MKN74 cells. 
Cells transfected with control or ANO9 
siRNA were stained with propidium iodide 
(PI) and analyzed by flow cytometry. 
Mean ± SEM. n = 3. *P < .05 (significantly 
different from control siRNA)
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examined using MKN7 and MKN74 cells. The knockdown of ANO9 
using siRNA decreased ANO9 mRNA levels (Figure 1B) and ANO9 
protein levels (Figure 1C) in MKN7 and MKN74 cells.

3.2 | ANO9 regulated cell proliferation and the cell 
cycle in GC cells

MKN7 and MKN74 cell numbers were significantly lower in ANO9 
siRNA compared with in control siRNA 72 h after transfection 
(Figure 1D). Knockdown of ANO9 using siRNA reduced the percent-
age of G2/M in MKN7 and MKN74 cells (Figure 1E). These results 

indicated that ANO9 regulated the proliferation and cell cycle of GC 
cells.

3.3 | ANO9 regulated apoptosis in GC cells

Apoptosis assays on MKN7 and MKN74 cells with or without ANO9 
siRNA were conducted to clarify the role of ANO9 in cell survival. 
The depletion of ANO9 significantly increased early apoptosis 
(annexin V-positive and PI-negative) and late apoptosis (annexin 
V-positive and PI-positive) in MKN7 and MKN74 cells 48 h after 
siRNA transfection (Figure 2A).

F I G U R E  2   ANO9 controlled apoptosis, 
cell migration, and invasion in gastric 
cancer (GC) cells. A, Downregulation 
of ANO9 increased the early and late 
apoptosis phases in MKN7 and MKN74 
cells. Cells transfected with control or 
ANO9 siRNA were stained with PI and 
annexin V, and then analyzed by flow 
cytometry. Mean ± SEM. n = 3. *P < .05 
(significantly different from control 
siRNA). B, Downregulation of ANO9 
significantly reduced the migration and 
invasion of MKN7 and MKN74 cells. Cell 
migration and invasion were assessed by 
a Boyden chamber assay. Magnification: 
×40. Mean ± SEM. n = 3. *P < .05 
(significantly different from control siRNA)
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3.4 | Depletion of ANO9 reduced cell migration and 
invasion in GC cells

We performed knockdown experiments on MKN7 and MKN74 cells 
with ANO9 siRNA and investigated the effects of the ANO9 knock-
down on cell migration and invasion using a Boyden chamber assay. 
The depletion of ANO9 significantly reduced cell migration and inva-
sion in MKN7 and MKN74 cells (Figure 2B).

3.5 | Gene expression profiling in ANO9 siRNA-
transfected MKN7 cells

The gene expression profiles of ANO9-depleted MKN7 cells were 
examined using a microarray analysis. Fold changes of >2.7 were ob-
served in the expression of 869 genes following the knockdown of 
ANO9 in MKN7 cells. Among these genes, 417 were upregulated 
and 452 were downregulated. The 20 genes showing the greatest 
increases and decreases in expression levels in ANO9-depleted 
MKN7 cells are shown in Table S1. IPA identified “Connective Tissue 
Disorders,” “Inflammatory Disease,” and “Inflammatory Response” 
as 3 of the top-ranked diseases and disorders associated with the 
depletion of ANO9 (Table S2). “Lymphoid Tissue Structure and 
Development, Antimicrobial Response, Inflammatory Response” 
was the fifth in the top networks. These results indicated that ANO9 
regulated immune-related functions in GC cells.

3.6 | ANO9 regulated cancer progression

When the fold change was set to 1.4, the results of the microar-
ray analysis showed that ANO9 regulated the STAT3 pathway 
(Figure S1A). In order to confirm the results of the microarray analy-
sis, JNK and p21 expression in MKN7 and MKN74 were validated 
using quantitative RT-PCR (Figure S1B).

We performed proliferation assay and migration and invasion 
assay with STAT3 inhibitor (50 μM, 24 h after transfection). As a re-
sult, STAT3 inhibitor tended to suppress the proliferation inhibitory 
effect of ANO9 siRNA in MKN7 and MKN74 cells (Figure S2A), and 
suppressed the cell migration and invasion effect of ANO9 siRNA in 
MKN7 and MKN74 cells (Figure S2B).

We extracted mesenchymal markers from microarray data to in-
vestigate the mechanism of regulating cell migration and invasion. 
Downregulation of mesenchymal markers such as VIM, MMP2, and 
MMP9 were observed (Table S3). In order to confirm the results of the 
microarray analysis, VIM, MMP2, and MMP9 expression in MKN7 and 
MKN74 were validated using quantitative RT-PCR (Figure S3).

3.7 | ANO9 regulated immune-related functions

We focused on the “Lymphoid Tissue Structure and Development, 
Antimicrobial Response, Inflammatory Response” networks of 

ANO9 functions in the microarray analysis (Table S2, Figure 3A). 
In the network, PD-L2 (PDCD1LG2 in Figure 3A) was regulated 
from the interferon alpha receptor (IFNAR) and IFNα. To provide 
further evidence to support the results of the microarray analy-
sis, we evaluated IFNAR and PD-L2 using quantitative RT-PCR 
(Figure 3B).

Knockdown of ANO9 did not affect the mRNA expression of PD-
L1, but decreased that of PD-L2 (Figure 4A). Knockdown of ANO9 
decreased surface PD-L2 expression in MKN7 and MKN74 cells 
(Figure S4). We evaluated binding ability to PD-1 using recombinant 
PD-1 (PE). ANO9-depleted cells showed significantly less binding for 
PD-1 in MKN7 and MKN74 (Figure 4B).

We also evaluated PD-L1, PD-L2, and binding ability to PD-1 
under the condition with IFNα (100 U/mL for 24 h). In NKN7 cells, 
the addition of IFNα increased the mRNA expression of PD-L1 and 
PD-L2, but knockdown of ANO9 suppressed the increase in mRNA 
expression of PD-L2 when IFNα was added (Figure S5A). Similarly, 
surface expression was also attenuated in PD-L2 (Figure S5B). In 
addition, knockdown of ANO9 suppressed the enhancement of the 
binding ability to PD-1 when IFNα was added (Figure S5C). Similar 
changes were observed under the condition with IFNα in MKN74 
cells (Figure S6).

3.8 | IHC analysis of ANO9, PD-L2, and PD-L1 
expression in GC tissues

IHC showed that ANO9 was expressed in the epithelia of non-
cancer tissue (Figure 5A) and cancer (Figure 5B), and PD-L2 was 
also expressed in the epithelia of non-cancer tissue (Figure 5F) and 
cancer (Figure 5G). Low expression cases of ANO9 are shown in 
Figure 5C and PD-L2 in Figure 5H, while high expression cases of 
ANO9 are shown in Figure 5D and PD-L2 in Figure 5I. The me-
dian score of ANO9 expression was 1.9 (range = 1.5-2.3) and 
the mean score of ANO9 expression was 1.89 (standard devia-
tion (SD) = 0.55). The median score of PD-L2 expression was 1.4 
(range = 0.9-2.0) and the mean score of PD-L2 expression was 
1.35 (standard deviation (SD) = 0.69). We compared ANO9 and 
PD-L2 scores and found that these IHC scores correlated in each 
case (P < .001, R2 = 0.356) (Figure 5K), and their tissue distribu-
tion was often similar. We validated the reactivity as a specific re-
action to PD-L2 using monoclonal antibody (TA808982; OriGene 
Technologies; Figure S7).

Cut-off values were selected to obtain the smallest P-values 
in comparisons of 5-y overall survival (OS) rates between the 2 
groups. The 5-y OS rates with each cut-off value are shown in 
Table S4. Patients were divided into low ANO9 expression (ANO9 
scores < 1.8, n = 53) and high ANO9 expression groups (ANO9 
scores ≥ 1.8, n = 31) (Figure 5E) and low PD-L2 expression (PD-
L2 scores < 1.5, n = 60) and high PD-L2 expression groups (PD-L2 
scores ≥ 1.5, n = 24) based on cut-off values (Figure 5J). In the analy-
sis of clinicopathological features, ANO9 expression correlated with 
tumor length, histological type, and pathological T stage (Table S5), 
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whereas PD-L2 expression did not (Table S6). We investigated the 
prognostic significance of ANO9 and PD-L2 expression after cura-
tive resection. We compared the following 12 variables: gender, age, 
tumor length, Borrmann type, histological differentiation, lymphatic 
invasion, venous invasion, pathological T stage, pathological N stage, 
and ANO9 and PD-L2 expression. The univariate analysis showed 
that the tumor length, Borrmann type, lymphatic invasion, patholog-
ical T stage, pathological N stage, and ANO9 and PD-L2 expression 
categories correlated with prognosis (P = .045, <.0001, .006, .018, 
.004, <.0001, and .015, respectively). The multivariate analysis iden-
tified high ANO9 expression (≥1.8) and Borrmann type4 as an inde-
pendent prognostic factor in patients with GC (P = .045 and .014, 
respectively) (Table 1).

We also performed IHC analysis for PD-L1 in our GC cohort 
(Figure S8A-D) and most cases were PD-L1 negative. The median 

score of PD-L1 expression was 0.5 (range = 0.0-1.0) and the mean 
score of PD-L1 expression was 0.60 (standard deviation (SD) = 0.59). 
IHC score of PD-L1 was not associated to ANO9 expression 
(P = .183, R2 = 0.022) (Figure S8E), and not correlated with prognosis 
in patients with GC (P = .955) (Figure S8F).

4  | DISCUSSION

ANO9 is also known as transmembrane protein 16J (TMEM16J) and 
is expressed in the human nasal and colonic epithelia, as well as in 
the respiratory, digestive, skeletal, and integumentary systems, dur-
ing development.28 ANO9 was also found to be expressed in human 
colorectal, lung, and breast cancers in silico.29 However, its biological 
functions and clinical relevance in cancer currently remain unknown. 

F I G U R E  3   Network analyses by 
Ingenuity Pathway Analysis in ANO9-
depleted MKN7 cells. A, “Inflammatory 
Response” was one of the top-ranked 
networks related to the knockdown 
of ANO9 cells according to Ingenuity 
Pathway Analysis. Red and green colors 
indicate genes with expression levels 
that were higher or lower, respectively, 
compared with reference RNA levels. 
A red circle was drawn in PDCD1LG2 
(PD-L2) and a blue circle was drawn in 
IFNAR. B, Verification of gene expression 
by real-time quantitative RT-PCR. 
Expression levels of IFNAR and PD-L2 
in ANO9-depleted MKN7 and MKN74 
cells were compared with those in control 
siRNA-transfected cells using real-time 
quantitative RT-PCR. Mean ± SEM. n = 3. 
*P < .05 (significantly different from 
control siRNA)



     |  1033KATSURAHARA eT Al.

Previous studies have reported that ANO9 regulated cancer growth 
via the epidermal growth factor receptor (EGFR) signaling pathway 
in pancreatic cancer. Regarding the other isoforms of ANOs, ANO1 
regulated the PI3K/Akt signaling pathway in ovarian cancer,30 the 

EGFR signaling pathway in head and neck cancer,31 and the TNFα 
signaling pathway in prostate cancer.32

In the present study, tumor suppressive effects were observed 
following the knockdown of ANO9, such as decreased proliferation, 
increased apoptosis, and less migration and invasion. A microarray 
analysis was performed to elucidate why these effects occurred. The 
results of the microarray analysis showed that ANO9 regulated the 
STAT3 pathway (Figure S1). STAT3 inhibitor reduced the effect of 
ANO9 siRNA in proliferation assay and migration and invasion assay 
(Figure S2).

Following the microarray analysis, we focused on PD-L2, which 
was previously reported to regulate cancer-associated immune re-
sponses, however the mechanisms regulating PD-L2 in GC remain 
unclear. PD-L1 is widely expressed by tumor cells and may be regu-
lated by proinflammatory cytokines, such as IFN.33 Conversely, the 
role of PD-L2 expressed in tumor cells has paid less attention and 
has been considered less relevant in predicting responses to ICB. 
But, PD-L2 binds to PD-1 with a higher (2- to 6-fold) affinity as com-
pared to PD-L1,33 and has potential as a biomarker and therapeutic 
target of ICB.

In the present study, PD-L2 and IFN-related genes were identi-
fied in the network analysis. IFN was reported the most important 
signal for the expression of PD-L1 and PD-L2.34 And, it was re-
ported that IFNα derived from DC and tumor cells promote tumor 
eradication.35This is the first study to show that ANO9 is further 
upstream of PD-L2 and IFNAR. In the present study, IFNα reduced 
the effect of ANO9 siRNA in PD-L2 expression (Figures S5 and S6). 
These results support the hypothesis that ANO9 regulated PD-L2 
via IFNα.

Over the past decade, one of the most important breakthroughs 
in cancer treatment has been ICB of PD-1. PD-L1 expression, mis-
match repair deficiency,36 microsatellite instability,37 and infiltrating 
CD8+ T cells in cancer tissue38 were identified as predictive biomark-
ers for ICB in several cancers. Furthermore, combined positive score 
(CPS), which takes into account the PD-L1 positivity on cancer and 
infiltrating immune cells, are adopted in GC39, however this remains 
controversial.

There are cases for which ICB is effective, even with the weak 
expression of PD-L1, and these cases are considered to be related 
to PD-L2. Therefore, PD-L2 is attracting increasing attention as a 
biomarker for ICB and as a therapeutic target. We confirmed that 
binding ability to PD-1 in ANO9-depleted cells was significantly 
decreased due to the downregulation of PD-L2, but not PD-L1, in 
MKN7 and MKN74 cells. These results indicated that PD-L2 sup-
presses the immune escape of cancer cells via PD-1 by the knock-
down of ANO9. These results indicated that ANO9 and PD-L2 may 
be more effective biomarkers when we combine with conventional 
biomarkers.

The strong expression of ANO9 in IHC was previously shown 
to be associated with a poor prognosis in pancreatic cancer10 and 
good prognosis in colorectal cancer9, however its relationship with 
GC remains unclear. Regarding the other isoforms of ANOs, ANO1 
was associated with a poor prognosis in esophageal squamous cell 

F I G U R E  4   Binding ability to PD-1 in ANO9-depleted gastric 
cancer (GC) cells. A, Verification of gene expression by real-time 
quantitative RT-PCR. Expression levels of genes (ANO9, PD-L1, and 
PD-L2) in ANO9-depleted MKN7 and MKN74 cells were compared 
with those in control siRNA-transfected cells using real-time 
quantitative RT-PCR. Mean ± SEM. n = 3. *P < .05 (significantly 
different from control siRNA). B, Downregulation of ANO9 reduced 
binding ability to PD-1 in MKN7 and MKN74 cells. Cells transfected 
with control or ANO9 siRNA and stained with recombinant PD-1 
were analyzed by flow cytometry. Mean ± SEM. n = 3. *P < .05 
(significantly different from control siRNA)
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carcinoma40 and lung cancer41 and a good prognosis in breast cancer.42  
As we found a correlation between ANO9 and PD-L2 in an in vitro 
study, we compared them in an IHC analysis. PD-L2 was previously 
reported to be a poor prognostic factor based on IHC in hepatocel-
lular carcinoma,17 esophageal cancer,43 and colorectal cancer44 and 
has also been suggested as a biomarker. Although PD-L2 has not yet 
been examined in detail, it was identified as a poor prognosis factor 
in GC by IHC.16

We examined the relationship between ANO9 and PD-L2 pro-
tein expression in GC tissue using IHC. The IHC scores of ANO9 
and PD-L2 correlated in each case, and their distribution in tissue 
was often similar. Meanwhile, IHC score of PD-L1 was low and not 
associated with ANO9 expression in GC. These results support 
the hypothesis that ANO9 regulates PD-L2 expression in vitro. 
Furthermore, ANO9 was identified as an independent poor prog-
nostic factor when a survival analysis was performed by combining 
these IHC scores with clinicopathological factors. This is the first 
study to show that the expression of ANO9 and PD-L2 correlated 
in cancer tissue and that the strong expression of ANO9 in an IHC 
analysis was a novel prognostic factor in patients with GC.

Furthermore, we performed IHC for CD8 in GC samples. As a 
result, ANO9 and PD-L2 expression were inversely associated with 

CD8 T cell infiltration (Figure S9). These results support the hypoth-
esis that ANO9 regulates the immune microenvironment via PD-L2 
expression in GC.

The limitation of the present study is that various exter-
nal factors, such as H. pylori and Epstein-Barr virus (EBV) 
virus infection, affect the carcinogenesis and growth of GC, 
but were not considered. A correlation has been reported be-
tween PD-L1 expression and EBV45 and needs to be considered 
in the mechanisms contributing to cancer immunity, however 
it was not possible to collect this information in the present 
study. Future research is warranted. Secondly, it was found that 
knockdown of ANO9 attenuated the increase in PD-L2 expres-
sion when IFNα was added. Conversely, PD-L1 increased when 
IFNα was added (Figures S5 and S6). cBioPortal analyses of The 
Cancer Genome Atlas (TCGA) gene expression database (TCGA 
PanCancer Atlas) showed the correlation of PD-L2 and IFNAR 
rather than PD-L1 and IFNAR in GC samples (Spearman cor-
relation coefficient was 0.20, P < .001, Spearman correlation 
coefficient was 0.10, P = .037, respectively) (Figure S10). These 
data from TCGA database that PD-L2 had a strong correlation 
with IFNAR may support our results, and further research is 
needed in the future.

F I G U R E  5   IHC analysis of human gastric cancer (GC) tissue. A, IHC staining of non-cancerous gastric epithelia with the ANO9 antibody. 
Magnification: ×100. B, IHC staining of primary human GC samples with the ANO9 antibody. Magnification: ×100. The IHC of ANO9 are 
results shown with low expression (C) and high expression (D). Magnification: ×400. E, All patients were classified into 2 groups: a low ANO9 
expression group (<1.8, n = 53, blue line) and high ANO9 expression group (≥1.8, n = 31, red line). *P < .05 (significant difference). F, IHC 
staining of non-cancerous gastric epithelia with the PD-L2 antibody. Magnification: ×100. G, IHC staining of primary human GC samples 
with the ANO9 antibody. Magnification: ×100. IHC of PD-L2 shows low expression (H) and high expression (I). Magnification: ×400. J, All 
patients were classified into 2 groups: a low PD-L2 expression group (<1.5, n = 60, blue line) and high PD-L2 expression group (≥1.5, n = 24, 
red line). *P < .05 (significant difference). K, Scatter plot comparing the IHC score between ANO9 and PD-L2 in gastric cancer tissue. An 
approximately straight line was drawn

(A) (B)

(C)

(E) (J)

(D)

(F) (G) (K)

(H) (I)
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In summary, ANO9 promotes cancer growth via the STAT3 path-
way and regulates PD-L2 expression via IFN-related genes in GC. 
When PD-L2 decreased under the control from ANO9, the binding 
ability of cancer cells to PD-1 decreased, which may have prevented 
immune escape. In the IHC analysis, a correlation was observed 

between the expression of ANO9 and PD-L2, and the strong ex-
pression of ANO9 was an independent poor prognostic factor in 
GC. Although further studies are needed, the results of the present 
study indicated that ANO9 has potential as a biomarker and thera-
peutic target of ICB for GC.

Variables n 5-y OS

Univariate Multivariate

P value* 95% CI HR P value**

Total 84

Gender

Male 61 74.9% .575

Female 23 68.5%

Age

<70 45 81.3% .067

≥70 39 62.5%

Location

U 27 70.5% .658

M,L 57 74.1%

Tumor length

<40 23 89.8% .045* 0.26-5.49 1.19 .542

≥40 61 66.8%

Borrmann type

Type 4 9 22.2% <.0001* 1.30-10.33 3.67 .014**

Other type 75 79.5%

Histological type

Differentiated 41 74.5% .685

Undifferentiated 43 71.2%

Lymphatic invasion

Negative 30 93.0% .006* 0.66-17.10 3.37 .143

Positive 54 61.7%

Venous invasion

Negative 35 69.4% .673

Positive 49 75.7%

pT

pT2 26 91.7% .018* 0.53-10.73 2.38 .260

pT3-4 58 64.7%

pN

pN0 43 89.8% .0004* 0.52-6.67 1.86 .344

pN1-3 41 54.6%

ANO9 score

<1.8 53 87.3% <.0001* 1.02-8.25 2.91 .045**

≥1.8 31 49.1%

PD-L2 score

<1.5 60 79.6% .015* 0.64-4.31 1.67 .293

≥1.5 24 55.6%

Note: pN, pathological N stage; pT, pathological T stage.
*P < .05: Log-rank test. 
**P < .05: Cox's hazard regression analysis; HR: hazard ratio. 

TA B L E  1   A 5-y overall survival rate of 
patients with gastric cancer according to 
various clinicopathological parameters
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