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Background: Pancreatic adenocarcinoma (PAAD) is among the most common types of
cancer with a poor prognosis. Transmembrane protein 170B (TMEM170B) has been
reported to suppress breast cancer proliferation, metastasis, and tumorigenesis and is
related to prognosis. However, its role in PAAD and the underlying molecular mechanisms
are yet to be investigated.

Patients and methods: We performed a comprehensive analysis of RNA sequencing data
obtained from the Gene Expression Omnibus (GEO) and The Cancer Genome Atlas (TCGA)
databases to determine TMEM170B expression. Immunostaining and real-time polymerase
chain reaction (RT-PCR)were done to determine TMEM170B expression in human pancreatic
cancer cell lines and tissue specimens. Furthermore, the correlation of TMEM170B with
clinicopathological features and PAAD prognosis was investigated, and themechanismswere
explored through enrichment analysis and immune cell infiltration analysis.

Results: TCGA and GEO dataset analysis revealed that TMEM170B expression in PAAD
tissue samples was significantly lower than that in non-tumorous tissues, which was
further confirmed by immunohistochemistry and RT-PCR. Low TMEM170B expression
was associated with poor differentiation (p = 0.014). Multivariate analysis identified that
TMEM170B is an independent indicator for overall survival [hazard ratio (HR) = 0.116, 95%
confidence interval (CI) = 0.014–0.995; p = 0.049] and disease-free survival (HR = 0.19,
95% CI = 0.04–0.910; p = 0.038) in patients with PAAD. Additionally, TMEM170B was
involved in immune-related gene sets, including those related to chemokine signaling
pathways and innate and adaptive immunity. High TMEM170B expression was linked to
antitumor immunemicroenvironment with a high infiltration of B cells, T cells, dendritic cells,
monocytes, M1 macrophages, neutrophil, and natural killer cells and a low infiltration of
Tregs and myeloid-derived suppressor cells (all p < 0.05).

Plain Language Summary: There is an urgent need to identify clinical prognostic biomarkers
and targeted drugs for pancreatic cancer treatment. In this study, the expression status and
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prognostic value of transmembrane protein 170B (TMEM170B) in pancreatic adenocarcinoma
were elucidated. Furthermore, TMEM170B, as a tumor suppressor gene, induced antitumor
immune effects, including increased tumor infiltration of immune effector cells and reduced
levels of inhibitory immune molecules and regulatory cells. Therefore, TMEM170B could be
regarded as a novel target in preventing the progression of pancreatic cancer.

Conclusion: The findings suggest that low TMEM170B expression is remarkably
correlated with poor PAAD prognosis, which might provide a therapeutic target for PAAD.

Keywords: TMEM170B, prognosis, pancreatic cancer, biomarker, immune infiltration

1 INTRODUCTION

Pancreatic cancer is a common malignant tumor of the
digestive tract and the seventh leading cause of cancer-
related death worldwide in 2020, with approximately
4,96,000 newly diagnosed cases and 4,66,000 deaths Sung
et al. (2021). Owing to its inapparent symptoms and rapid
progression, 80% of patients with pancreatic cancer fail to
meet the criteria for radical resection Connor and Gallinger,
(2021). Furthermore, the high rates of late recurrence and
metastasis and numerous postoperative complications also
result in unsatisfying surgical outcomes and poor prognosis.
For the reasons mentioned above, pancreatic adenocarcinoma
(PAAD) has one of the highest death rates of any solid organ
malignancy, with overall 5-years survival of less than 8%
Connor and Gallinger, (2021); Di Marco et al. (2016); Siegel
et al. (2018). In recent years, significant improvements in
molecular diagnosis and targeted biological therapy have
facilitated the discovery of novel genetic biomarkers and
drug targets. Such advancements have helped in elucidating
the molecular mechanisms of pancreatic cancer and have
gradually becoming important means for improving the overall
prognosis of the patients Cassetta andKitamura, (2018); Mace et al.
(2018); O’Reilly et al. (2019); Waddell et al. (2015). Additionally,
tumor-related genes have continuously been found to be associated
with the incidence and development of pancreatic cancer Duan
et al. (2013); Shi and Cao, (2014); Wang et al. (2018); Yang et al.
(2016); Yi et al. (2015).

TMEM170B, a transmembrane protein and a member of the
TMEM170 family, is composed of 132 amino acids, with
sequences that are highly conserved from invertebrates to
mammals. Its important paralog is TMEM170A, which has
been reported to be a new regulator of endoplasmic reticulum
(ER) and nuclear envelope morphogenesis Christodoulou et al.
(2016). A transcriptome-wide association study revealed that
TMEM170A expression is significantly associated with the risk
of pancreatic cancer Zhong et al. (2020). Moreover, a recent
study suggested that low TMEM170B expression is an
independent predictor of poor overall survival (OS) in
patients with breast carcinoma (BRCA) (p < 0.01) and that
TMEM170B could act as a tumor suppressor to antagonize the
protumorigenic Wnt/β-catenin signaling pathway Li et al.
(2018). Therefore, TMEM170B is a potentially attractive
therapeutic target for future anticancer drugs although its
role in pancreatic cancer remains unknown.

Hence, the present study aimed to investigate the role of
TMEM170B as a prognostic biomarker and therapeutic target in
pancreatic cancer and explore the possible underlying mechanisms
of TMEM170B in the development of pancreatic cancer.

2 MATERIAL AND METHODS

2.1 Patients and Histological Specimens
After surgical resection at the Sichuan Provincial People’s
Hospital between January 2018 and August 2020, 38 fresh
paired tissue and adjacent nontumor tissue samples were
obtained and divided into two groups for preservation in 10%
formalin for histological examination and immediate freezing in
liquid nitrogen and storage at –80°C until further use for qRT-
PCR. All patients with pancreatic adenocarcinoma (PAAD) were
histologically and clinically diagnosed and assessed according to
the TNM staging system (7th version) of the International Union
against Cancer. Follow-up data for the patients were collected
until 31 October 2021 or their date of death. Demographic,
clinical, and blood parameters of all the patients were collected
on the day of admission. Clinicopathological data for the patients
with pancreatic ductal adenocarcinoma are presented in Table 1.
OS was defined as the interval from the postoperative period until
death or the last follow-up date. Disease-free survival (DFS) was
calculated from post-operation until disease progression, death,
or last follow-up.

2.2 Data Source and Processing
To assess TMEM170B mRNA levels in PAAD tissues and normal
tissues, the online tools employed were provided by the
Sangerbox (http://www.sangerbox.com/tool), based on The
Cancer Genome Atlas (TCGA) (https://tcga-data.nci.nih.gov/)
database, and by the Gene Expression database of Normal and
Tumor tissues 2 (GENT2, http://gent2.appex.kr), based on the
Gene Expression Omnibus (GEO) (http://www.ncbi.nlm.nih.
gov/geo/) database. Gene presentation datasets (GSE32676,
GSE16515, and GSE71729) were retrieved from the GEO
database. Differentially expressed genes (DEGs) were screened
with the adjusted p-value of<0.01 and |log fold change| of ≥2.

2.3 Cell Culture
Human pancreatic cancer cell lines PANC-1, AsPC-1, and BxPC-
3 and the human pancreatic duct cell line HPDE6-C7 were
obtained from the American Tissue Culture Collection
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(Manassas, VA, United States). All cells were cultured in Roswell
Park Memorial Institute (RPMI)-1,640 medium containing 10%
fetal bovine serum, followed by incubation at 37°C in 5% CO2.
After a few passages (2–4), the cells in the logarithmic growth
phase were used for further experiments.

2.4 RNA Extraction and Quantitative
Real-Time Polymerase Chain Reaction
(RT-PCR)
Total RNA from fresh frozen tissues and cells was extracted using
TRIzol reagent (Invitrogen, NY, United States) according to the
manufacturer’s instructions. RNAwas quantified using a NanoDrop
(Thermo Fisher Scientific, MA, United States). Subsequently, 1 μg of
total RNAwas used to produce cDNA using PrimeScript RT reagent
(Takara, Kusatsu, and Japan), and qRT-PCR was performed using
TB Green™ Premix Ex Taq™ II (Takara, Japan) in the CFX96 Real-
time System (Bio-Rad). β-Actin was used for normalization
purposes. Primers were designed based on the TMEM170B and
β-Actin mRNA sequences in GenBank. The primers used were:
TMEM170B, forward primer: 5′-TTCCTCTGGGCTCTCTTC
TCT-3′, reverse primer: 5′-CTGCTGCACTGGTAATCATCG-3′,
β-Actin, forward primer: 5′-CCTGAAGTACCCCATCGAGC-3′,
reverse primer: 5′-AGGGATAGCACAGCCTGGAT-3′. The
relative expression levels of TMEM170B and β-actin were
calculated using the comparative CT (2−ΔΔCT) method. Each
sample was analyzed in triplicate.

2.5 Immunohistochemistry
Tissue samples were fixed in 10% formalin for at least 24 h, embedded
in paraffin, and sections of 3-μm thickness were obtained. The tissue
sections were then placed in Tris-ethylenediaminetetraacetic acid (pH
9.0) antigen repair solution and repaired in a pressure cooker for 5min.
Endogenous peroxidase activitywas blockedwith 3%H2O2 solution for
25min at room temperature in a dark condition. Thereafter, the
sections were incubated with 10% goat serum (HyClone,
United States) in phosphate buffered saline (PBS) at room
temperature for 1 h. The sections were then incubated overnight at
4°C with anti-TMEM170B antibody (1:100 dilution, PA5-63072,
Thermo Fisher Scientific). After washing off the antibodies, the
sections were incubated with rabbit secondary antibodies at 37°C.

The histology of the different tissues was analyzed microscopically
(BX51, Olympus, Tokyo, Japan). Image capturingwas performed using
DP2-BSW software (Olympus). The immunohistochemistry (IHC)
scores were obtained using a semi-quantitative method by comparing
the staining intensity with the proportion of the stained cells. The H
score system was employed for scoring the positive cell distribution as
follows: the recording of the distribution (positive cell percentage) was
determined using A = 0–100; the staining intensity was evaluated as B
and scored as follows: strong (dark brown): 3; mild (brown): 2; light
(light brown): 1; and none (not stained): 0. The following formula was
used to determine theH scores in terms of intensity and distribution:H
score = 1 × A1 +2 × A2 +3 × A3, 0 ≤ H ≤ 300.

2.6 Immunofluorescence
The tissue sections and cells on glass coverslips were fixed with
4% paraformaldehyde for 20 min and permeabilized with 0.1%

Triton X-100 for 15 min at room temperature. After blocking
with 5% BSA for 60 min at room temperature, the sections and
cells were incubated overnight at 4°C with anti-TMEM170B (1:
200 dilution), anti-CD4+(1:200 dilution, Proteintech)/anti-
CD8+(1:200 dilution, Proteintech)/anti-CD11b (1:100 dilution,
Proteintech)/anti-CD33 (1:25 dilution, Proteintech). After three
washes with PBS, the sections and cells were stained with
fluorescent labeled secondary antibodies for 1 h at 37°C. The
coverslips were stained with 4′,6-diamidino-2-phenylindole
(Sigma) and examined under a confocal microscope (LSM
800, Zeiss) with a 63 × /1.40 oil-immersion objective lens.

2.7 Correlation and Gene Enrichment
Analysis
Correlation analysis betweenTMEM170B and othermRNAs in PAAD
was performed using TCGA data, and the Pearson correlation
coefficient was calculated. The top 300 genes that were most
positively associated with TMEM170B were selected for enrichment
analysis to reflect the role of TMEM170B. Gene Ontology (GO)
analysis and Kyoto Encyclopedia of Genes and Genomes (KEGG)
analysis of genes were performed using the functional annotation tool
in theDatabase forAnnotation,Visualization, and IntegratedDiscovery
(DAVID, https://david.ncifcrf.gov) and Gene Set Enrichment Analysis
(GSEA) Reimand et al. (2019). The Reactome Knowledgebase provides
both as an archive of biological processes and as a tool for discovering
functional relationships in data Jassal et al. (2020). GSEA was
performed using the gseGO, gseKEGG, and gsePathway functions
of the R package “clusterProfiler.”

2.8 Immune Cells Infiltration Analysis
The level of immune and stromal fractionwas scored by Estimation of
Stromal Immune cells in MAlignant Tumor tissues using Expression
data (ESTIMATE) based on log2-transformed TPM data. Tumor
IMmune Estimation Resource 2.0 (TIMER 2.0, http://timer.cistrome.
org/) algorithmdatabase provided immune cell infiltration expression
profiles by TIMER, CIBERSORT Chen et al. (2018),
Microenvironment Cell Populations-counter (MCP-counter) Becht
et al. (2016), EPIC Racle et al. (2017), these algorithms were used to
determine the Spearman correlation between TMEM170B expression
levels in PAAD and the infiltration of different immune cells. The
relationship between immune cell infiltration and prognosis of
patients was further analyzed. p values <0.05 were considered to
denote statistical significance.

2.9 Statistical Analysis
The clinical characteristics of the patients were compared using the
Fisher’s exact test for categorical variables andWilcoxon rank-sum test
for continuous variables. The continuous and categorical variables were
expressed as mean (standard deviation) and proportions (percentages),
respectively. Multivariate time-dependent Cox proportional DFS and
OS hazard ratios (HRs) were fitted based on significant univariate
factors. Survival analyses were performed using the Kaplan-Meier
method and log rank test. The IHC results were quantitatively
analyzed using ImageJ software (MEDIA CYBERNETICS,
United States). All p values were two-sided tests, with p < 0.05
indicating statistical significance. All data analyses were performed
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using SPSS version 27.0 (IBM Corp., NY, United States) and R 3.6.0
(The R Foundation for Statistical Computing, Vienna, Austria).

3 RESULTS

3.1 Downregulation of TMEM170B
Expression in Human Pancreatic Cancer
GENT2 tool was utilized to examine the mRNA levels of
TMEM170B in pan-cancer tissues. We first determined that
TMEM170B was significantly downregulated in conditions
such as PAAD, breast cancer, oral cancer, ovary cancer, and
thyrioid cancer (Figure 1A). In pancreatic cancer data set
GSE32676 from the GEO, the top 24 ranked DEGs were
selected to form a heat map (Figure 1B). All DEGs
constituted the volcano plot of the differential genes
(Figure 1C). Compared with normal tissues, TMEM170B
expression was frequently downregulated in the PAAD tissues
from GSE32676 (p < 0.001) (Figure 1D). In addition, consistent
with the above results, TMEM170B was obviously low expressed
in PAAD tissues from TCGA (p = 0.023), GSE16515 (p = 0.005),
and GSE32676 (p < 0.001) datasets (Figure 1E).

To determine the low expression of TMEM170B in human
pancreatic cancer cell lines and tissues, the mRNA and protein levels
of TMEM170Bwere assayed using RT-PCR and IHC, respectively. Our
results revealed that TMEM170B expression was considerably lower in
pancreatic cancer cell lines and tissues than in normal pancreatic duct
epithelial cells and normal pancreatic tissues, respectively (Figures
2A–E). Moreover, IHC and IF demonstrated that TMEM170B was
localized in the plasma membrane and cytoplasmic regions of
pancreatic cancer cells (Figures 2C,E) and that 63.2% of the
pancreatic cancer tissue samples were TMEM170B positive
(Figure 2D).

The above results confirmed that TMEM170B is expressed at
lower levels in PAAD when compared with its levels in adjacent
normal tissues.

3.2 Significance of TMEM170B Expression
and Prognosis of PAAD in the TCGA Cohort
The TCGA cohort was used to further investigate TMEM170B
expression and its correlation with clinical prognosis among
patients with PAAD. Patients with low TMEM170B expression
had worse OS (p < 0.001) and disease-free survival (DFS) (p =
0.0028) than those with high TMEM170B expression (Figure 3A).
The receiver operating characteristic (ROC) analysis showed that
TMEM170B expression had robust prognostic predictive
performance (areas under the ROC curve (AUC) = 0.708, 95% CI
= 0.652–0.763, Figure 3B). Subsequently, the clinical significance of
TMEM170B expression in patients with PAAD was systematically
assessed using this cohort. The downregulation of TMEM170B
expression was common in human PAAD. Low TMEM170B
expression group usually have a history of alcohol abuse (p <
0.05), higher histologic grade (p < 0.05, G3 vs. G1) and more
dead event (p < 0.001), but TMEM170B expression is not
associated with sex, age, primary tumor (pT) stage, lymph node
invasion, metastasis, and residual tumor (Figure 3C).

3.3 Association Between TMEM170B
Expression and Clinicopathological
Features of PAAD
Tumor tissues were divided into low and high TMEM170B
expression based on the median values of H-score of each
core. Since the median of H-score was 61, the patients were

TABLE 1 | Association between TMEM170B expression and clinicopathological characteristics in 38 pancreatic adenocarcinoma patients.

Variable All Patients (n = 38)
(%)

TMEM170B expression p Value (χ2-test)

Positive
(+) (n = 24)

Negative
(−) (n = 14)

Gender (male/female) 25 (65.8)/13 (34.2) 17 (70.8)/7 (29.2) 8 (57.1)/6 (42.9) 0.61
Age (years) (＜60/≥60) 18 (47.4)/20 (52.6) 11 (45.8)/13 (54.2) 7 (50)/7 (50) 0.8
Tumor size (cm) (＜5/≥5) 23 (60.5)/15 (39.5) 14 (58.3)/10 (41.7) 9 (64.3)/5 (35.7) 0.72
Tumor number (Single/Multiple) 27 (71.1)/11 (28.9) 18 (75)/5 (25) 9 (64.3)/6 (35.7) 0.40
Tumor cellularity (＜61%/≥61%) 23 (60.5)/15 (39.5) 17 (70.8)/7 (29.2) 6 (42.9)/8 (57.1) 0.09
Differentiation
Well 7 (18.4) 5 (20.8) 2 (14.3)
Moderate 22 (62.9) 17 (70.8) 5 (35.7) 0.014*
Poor 9 (23.7) 2 (8.4) 7 (50)

pT classification
T1–2 5 (13.2) 4 (16.7) 1 (7.1)
T3 17 (44.7) 12 (50) 5 (35.7) 0.33
T4 16 (42.1) 8 (33.3) 8 (57.2) 0.94
Lymph node metastasis (Absent/Present) 22 (62.9)/16 (37.1) 14 (58.3)/10 (41.7) 8 (57.2)/6 (42.8)
pTNM stage I-II/III-IV 11 (28.9)/27 (71.1) 8 (33.3)/16 (66.7) 3 (21.4)/11 (78.6) 0.68
CEA (＜5/≥5) 21 (55.3)/17 (44.7) 15 (62.5)/9 (37.5) 6 (42.8)/8 (57.2) 0.24
CA19-9 (＜35/≥35) 17 (44.7)/21 (55.3) 10 (41.7)/14 (58.3) 7 (50)/7 (50) 0.62
Cancer progression, n (%) (no/yes) 26 (68.4)/12 (31.6) 22 (91.7)/2 (8.3) 4 (28.6)/10 (71.4) <0.001
Death, n (%) (no/yes) 29 (76.3)/9 (23.7) 23 (95.8)/1 (4.2) 6 (42.9)/8 (57.1) <0.001

NOTE: p: primary; TNM: tumor-node-metastasis; CEA: carcinoembryonic antigen; CA19-9: carbohydrate antigen 19–9; *: p < 0.05.
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divided into two groups: H scores <61 was defined as low
TMEM170B group, H scores ≥61 was high TMEM170B group,
respectively. A total of 38 patients with complete clinical data
were included to analyze the relationship between TMEM170B

expression and various clinicopathological factors using the chi-
squared test. The results illustrated that low TMEM170B
expression had a significant correlation with poor
differentiation (p = 0.014). Nevertheless, TMEM170B

FIGURE 1 | TMEM170B mRNA expression levels in different tumors and corresponding adjacent normal tissues. (A) The pan-cancer TMEM170B expression
status was analyzed using GENT2 based on the GEO database. (B) The heat map of the top 24 ranked DEGs. (C) The volcano plot of all DEGs, red represents up-
regulated, blue represents down-regulated genes. (D,E) The expressions of TMEM170B in pancreatic adenocarcinoma and the corresponding nontumor tissues were
inferred by analyzing the TCGA and GEO databases. ns: not significant. *p < 0.05; **p < 0.01; ***p < 0.001.

Frontiers in Genetics | www.frontiersin.org May 2022 | Volume 13 | Article 8483915

Zhang et al. Transmembrane Protein 170B in Pancreatic Adenocarcinoma

https://www.frontiersin.org/journals/genetics
www.frontiersin.org
https://www.frontiersin.org/journals/genetics#articles


FIGURE 2 | TMEM170B expression was downregulated in human pancreatic cancer cell lines and tissues. (A) TMEM170B mRNA levels were low in pancreatic
cancer cell lines. (B) Real-time PCR analysis of TMEM170B mRNA expression in 38 pairs of pancreatic adenocarcinoma (PAAD) tissue and paired nontumor tissue. (C)
Representative immunohistochemistry (IHC) images of TMEM170B in 38 pairs of matched tumor tissues and adjacent nontumor tissues. (D) IHC quantification was
performed using ImageJ software, and TMEM170B protein expression in PAAD tissues was lower than that in nontumor tissues. (E) The subcellular localization of
TMEM170B was analyzed with immunostaining (cell: scale bar, 20 μm; tissue: scale bar, 30 μm); ns: not significant. *p < 0.05; **p < 0.01; ***p < 0.001.
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expression was not significantly associated with sex, age, tumor
size or number, pathological tumor-node-metastasis (pTNM)
stage, pT classification, serum carcinoembryonic antigen, and
carbohydrate antigen 19–9 (CA19-9) levels (Table 1). The Cox

regression analysis of the forecast factors of OS by univariate
analysis was showed in Figure 4A. A histopathological
comparison of the degrees of differentiation and TMEM170B
expression of tumor tissues also indicates that low expression of

FIGURE 3 | Significance of TMEM170B expression and prognosis of pancreatic adenocarcinoma (PAAD) in the TCGA cohort. (A) The Kaplan–Meier survival curve
analysis showed that low TMEM170B expression was related to poor overall survival and relapse-free survival. (B) Receiver operator characteristic curve analysis of
TMEM170B expression in PAAD. (C) Relationship between TMEM170B expression and clinicopathological factors. ns: not significant; *p < 0.05; **p < 0.01.
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TMEM170B in PAAD was correlated with less tumor
differentiation (Figure 4B). Moderate to well differentiation
groups had generally higher TMEM170B expression relative to
poor groups (p = 0.02, Figure 4C).

3.4 Correlation of TMEM170B Expression
With Clinical Prognosis in PAAD
To determine whether TMEM170B expression levels were
associated with clinical PAAD progression, we checked the
association between TMEM170B expression and the clinical
outcomes in our patients. Kaplan-Meier analysis revealed that
patients in the TMEM170B-negative group had significantly
worse OS (p = 0.005) and DFS (p = 0.0052) than those in the
TMEM170B-positive group (Figure 5A). Univariate analysis
identified poor differentiation (p = 0.006) and low
TMEM170B expression (p = 0.024) as factors significantly
associated with OS. Multivariate analysis indicated that
differentiation [HR = 7.26, 95% CI = 1.141–46.147; p = 0.036]
and TMEM170B expression (HR = 0.12, 95% CI = 0.014–0.995,
and p = 0.049) were independent prognostic factors for OS.
Similarly, univariate analysis demonstrated that poor

differentiation (p = 0.013) and low TMEM170B expression
(p = 0.016) were pivotal factors for DFS. However,
multivariate analysis signified that only TMEM170B
expression was an independent predictor (HR 0.19, 95% CI
0.04–0.91; p = 0.038) and not differentiation (HR 3.29, 95% CI
0.848–12.734; p = 0.085) (Table 2). Kaplan-Meier analysis also
showed that moderate and poor differentiation had worse
prognostic performance when compared with well
differentiation (Figure 5B). In subgroup analysis, the
moderate to well differentiation group with high TMEM170B
expression achieved an average OS of 9.5 months, which was
longer than that of the other groups (Figure 5C).

3.5 Correlation and Enrichment Analyses of
TMEM170B in PAAD
For functional and pathway enrichment analyses of TMEM170B-
related molecules, GO terms and KEGG enrichment pathway
were visualized using the cluster Profiler R software package.
According to functional enrichment and GO analyses, the genes
were mainly enriched during biological activities such as
leukocyte migration, cell–cell adhesion mediator activity,

FIGURE 4 | Correlation of TMEM170B expression with the degree of differentiation in PAAD. (A) The Cox regression analysis of the forecast factors of OS by
univariate analysis. (B) The histopathological comparison of the degrees of differentiation and TMEM170B expression of the same specimen. (C) TMEM170B Expression
in Moderate to well differentiation group and poor group.
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ameboidal-type cell migration and epithelial cell migration, all of
which were correlation with the activities of immune cells
(Figures 6A–C). Moreover, the KEGG pathway mainly

involved cytokine–cytokine receptor interaction, malaria, the
IL-17 signaling pathway, and the p53 signaling pathway
(Figure 6D). Most importantly, GSEA was used to further

FIGURE 5 | TMEM170B expression and the degree of differentiation correlated with survival outcomes in our cohort. (A) Low TMEM170B expression was
significantly associated with poor clinical outcomes. (B) The outcomes in the poor differentiation group were worse than those of the moderate and high differentiation
groups. (C) Association of TMEM170B expression with the outcomes in poor differentiation or moderate to high differentiation: Subgroup analysis.
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search for KEGG and Reactome pathways. GSEA-KEGG revealed
that cytokine–cytokine receptor interaction, the chemokine
signaling pathway, natural killer cell mediated cytotoxicity and
the T cell receptor signaling pathway were significantly enriched
(Figure 6E). Furthermore, G protein-coupled receptor (GPCR)
ligand binding, interleukin signaling, and platelet activation
signaling and aggregation were found to be significantly
enriched in Reactome pathway analysis (Figure 6F).
According the above results, we thus reasoned that
TMEM170B may be involved in immune cell infiltration.

3.6 Correlation Between Immune Cell
Infiltration, Immunotherapeutic Benefits
and TMEM170B in PAAD
Immune cells in the tumor microenvironment play a central role
in tumor-associated immune responses, which may regulate
tumor progression and determine the prognosis. We further
explore the correlation between TMEM170B expression and
the infiltration level of different immune cells in PAAD. First
and foremost, immuneScore, StromalScore and ESTIMATEScore
were in the TMEM170B high-expression cluster than in the
TMEM170B low-expression cluster (Figure 7A). ssGSEA with
Spearman’s rank correlation was applied to the analysis of

correlation between TMEM170B expression and infiltration
levels of 24 immune cell types, the result showed that
TMEM170B expression was negatively correlated with the
infiltration of Th2 cells and NK CD56bright cells (Figure 7B).
By TIMER, CIBERSORT, MCP-counter and EPIC algorithms,
the results indicated that TMEM170B expression was positively
correlated with the infiltration of antitumor immune cells,
including B cells, CD8+T cells, CD4+T cells, dendritic cells
(DCs), natural killer cells (NKs), neutrophils, monocyte, and
M1 macrophage (Figures 7C,D). Moreover, a negative
correlation between TMEM170B expression and immune
infiltration of myeloid-derived suppressor cells (MDSCs) and
T cell regulatory (Tregs) was noted (Figure 7E). Elevated
monocyte and NKs and reduced MDSCs infiltration were
associated with good prognosis in patients with PAAD
(Figure 7F). The expression of immune checkpoint (ICP)
genes, such as PDCD1 (PD1), CD274 (PDL1), CTLA4, LAG3,
and HAVCR2 (TIM3) has been utilized in predicting the
response of patients to immune checkpoints therapy in a
variety of cancers including PAAD. In gene-by-gene
correlation analysis, these common ICP genes were positively
correlated with TMEM170B expression (Figures 7G,H). This
illustrated that TMEM170B might have value in predicting
immunotherapeutic benefits.

TABLE 2 | Univariate and multivariate Cox analyses of clinicopathological factors and clinical outcomes.

OS characteristics Univariate analysis Multivariate analysis

HR 95% CI p-value HR 95% CI p-value

Gender (male vs. female) 1.35 0.319–5.728 0.682
Age (years) (S60 vs .< 60) 0.65 0.173–2.427 0.337

Tumor size (cm) (S5 vs. ＜5) 0.51 0.125–2.088 0.35
Tumor number (single vs. multiple) 1.07 0.266–4.323 0.923
Tumor cellularity (＜61% vs .≥ 61%) 0.20 0.025–1.643 0.135
Differentiation (poor vs. moderate to well) 13.5 2.13–85.332 0.006** 7.26 1.141–46.147 0.036*
pT classification (T4 vs. T1-T3) 0.71 0.180–2.816 0.629
Lymph node metastasis (present vs. absent) 1.79 0.479–6.694 0.386
pTNM stage (III-IV vs. I-II) 0.89 0.182–4.328 0.884
CEA (S5 vs. < 5) 0.45 0.114–1.735 0.244
CA19-9 (S35 vs. < 35) 1.11 0.295–4.17 0.877
TMEM170B expression (Negative vs. Positive) 0.09 0.011–0.731 0.024* 0.12 0.014–0.995 0.049*

DFS Univariate Analysis Multivariate Analysis

HR 95% CI p-value HR 95% CI p-value

Gender (male vs. female) 0.6 0.16–2.217 0.44
Age (years) (S60 vs .< 60) 0.51 0.160–1.640 0.26
Tumor size (cm) (S5 vs. ＜5) 0.78 0.237–2.546 0.677
Tumor number (single vs. multiple) 1.14 0.358–3.605 0.828
Tumor cellularity (＜61% vs .≥ 61%) 0.137 0.018–1.064 0.057
Differentiation (poor vs. moderate to well) 5.43 1.421–20.776 0.013* 3.29 0.848–12.734 0.085
pT classification (T4 vs. T1-T3 0.78 0.216–2.812 0.704
Lymph node metastasis (present vs. absent) 1.66 0.524–5.243 0.39
pTNM stage (III-IV vs. I-II) 0.81 0.169–3.868 0.791
CEA (S5 vs. < 5) 0.47 0.124–1.742 0.256
CA19-9 (S35 vs. < 35) 2.45 0.716–8.398 0.153
TMEM170B expression (Negative vs. Positive) 0.15 0.033–0.702 0.016* 0.19 0.04–0.910 0.038*

Notes: OS, overall survival; DFS, Disease-free survival; HR, hazard ratio; CI, confidence interval, *p < 0.05, **p < 0.01.
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FIGURE 6 | Function and pathway enrichment analyses of TMEM170B in pancreatic adenocarcinoma. (A–C) Significant GO terms of the top 300 genes most
positively associated with TMEM170B, including biological processes, molecular function, and cell component. (D) Significant KEGG pathways of TMEM170B-related
genes. (E,F) Significant GSEA results of the top 300 genes most positively associated with TMEM170B, including KEGG pathways and Reactome pathways.
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FIGURE 7 | Correlation analysis between TMEM170B expression and immune infiltration of multiple immune cells. (A) Violin plot showing the differential
StromalScore, ImmuneScore, and ESTIMATEScore of high and low TMEM170B expression. (B) The correlation between TMEM170B expression level and 24 immune
cell types. (C–D) The correlation between TMEM170B expression and antitumor immune cell infiltration, including that of B cells, CD8+T cells, CD4+T cells, myeloid
dendritic cells, natural killer cells, neutrophils, monocyte and M1 macrophages. (E) The correlation between TMEM170B expression and the infiltration of
immunosuppressive cells, including myeloid-derived suppressor cells and regulatory T cells. (F) Kaplan-Meier analysis results based on the extent of monocyte, natural
killer cells and yeloid-derived suppressor cells infiltration in PAAD. Red represents high immune cells infiltration, and blue represents low immune cells infiltration. (G,H)
The gene-by-gene correlation analysis of common ICP genes and TMEM170B expression. *p < 0.05; **p < 0.01; ***p < 0.001.
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3.7 TMEM170B Expression Is Correlated
With the Infiltration Levels of CD4+ T Cells,
CD8+T Cells, and MDSCs
Next, the immunofluorescence method was performed to validate
whether immune cell infiltration was correlated with TMEM170B
expression in our cohort. Since T cells and MDSCs were the most
prevalent cells among the infiltrated immune cells correlated with
TMEM170B expression, and previous studies have shown that
CD4+T Cells, CD8+T cells and MDSCs are the major factors
responsible for impacting pancreatic cancer progression,
invasiveness, metastasis, and patients’ survival Foley et al.
(2016; Thyagarajan et al. (2019), we further explored the
correlation between CD4+T Cells, CD8+T cells, and MDSCs
infiltration and TMEM170B expression. It was observed in
tumor center that the tumor tissue presented a high
TMEM170B expression level, the infiltration Levels of
CD4+T Cells, CD8+T cells was relatively active. While
infiltration of CD4+T Cells, CD8+T cells was significantly low
in areas with a corresponding low TMEM170B expression status
(Figures 8A,B). Conversely, we observed that the MDSCs
(labeled by CD11b+CD33+) was obviously recruited in tumor
regions with low TMEM170B expression level (Figure 8C).
Therefore, these results preliminarily verified our inferences in
the above analysis that TMEM170B was indeed related to CD4+,
CD8+T cells recruitment, and MDSCs blocking.

4 DISCUSSION

Owing to the surge in the prevalence of obesity, diabetes, alcohol
consumption, smoking, and pancreatitis, both the incidence and
mortality rates of pancreatic cancer have increased steadily in
Europe and the United States over the past decades Connor and
Gallinger, (2015). Despite the recent therapeutic advances, the
prognosis of the patients is yet to improve significantly. PAAD is
a highly invasive and metastatic type of pancreatic cancer that
results in poor clinical outcomes in the patients Hackeng et al.
(2016). However, its pathogenesis and underlying mechanisms
are yet to be elucidated Fang et al. (2017; Hoskins et al. (2016;
Klein et al. (2018; Zheng et al. (2016). Thus, there is an urgent
need to identify novel markers and therapeutic targets for the
early diagnosis of pancreatic cancer and prevention of metastasis.
Furthermore, research in this direction is likely to aid in
developing effective targeted molecular therapy for pancreatic
cancer.

TMEM170B was mapped to human chromosome 6p24.2,
which belongs to the TMEM family. TMEM170B and its
paralog, TMEM170A, have shown diverse but specific
expression profiles in different tumor cells and tissues and are
involved in several biological processes, such as gene expression,
invasion, proliferation, tumor apoptosis, normal cellular
function, and disease pathogenesis Zhong et al. (2020).
Current research has shown that TMEM170B negatively
regulates canonical Wnt signaling in breast cancer cells and
exerts an inhibitory effect on breast cancer growth by
inhibiting CTNNB1 stabilization and nucleus translocation,
which reduces the activity of Wnt targets Li et al. (2018).

The present study is the first to show that TMEM170B
expression is significantly decreased in human pancreatic
cancer cell lines and PAAD tissues. More importantly,
univariate and multivariate analyses identified
TMEM170B expression level and the degree of
differentiation as the independent prognostic factors for
OS and DFS in patients with PAAD. This finding suggests
that low TMEM170B expression and poor differentiation are
significantly related to poor prognosis. Consistently, low
expression levels of TMEM170B are closely associated with
poor differentiation and TP53 mutation in patients
with PAAD.

As a tumor suppressor gene, the tumor suppressor effect of
TP53 gene has been demonstrated in multiple tumors Olivier
et al. (2010). Mutations in TP53 indicate a poor prognosis in
pancreatic cancer Guerra et al. (2011; Lu et al. (2020). Our study
showed that low expression of TMEM170B is significantly related
to TP53mutations. KEGG analysis also revealed that TMEM170B
is involved in the p53 signaling pathway, which indicates that the
presence of TMEM170B may inhibit the occurrence of TP53
mutations and then exert a tumor suppressor effect in PAAD.

The tumor microenvironment (TME) and its individual
immune cells play important roles in tumor initiation,
progression, and metastasis Pattabiraman and Weinberg,
(2014). A study showed that immune suppressive cells in
pancreatic cancer maintain a tumor-friendly environment,
with the majority of immune cells being macrophages and
exhausted lymphocytes, based on single-cell RNA sequencing
Lin et al. (2020). As such, we explored the biological functions
and complex mechanisms of TMEM170B, and the correlation
between immune cell infiltration and TMEM170B. GO results
showed that TMEM170B is involved in leukocyte migration and
cell–cell junction, whereas KEGG and GSEA indicated that
TMEM170B is closely associated with immune-related
pathways, cytokine–cytokine receptor interaction, chemokine
signaling pathway, and T and B cell receptor signaling
pathways in PAAD.

By analyzing the relationship between TMEM170B and
immune cell infiltration, we found that low TMEM170B
expression is often associated with MDSCs and Tregs
infiltration into tumors, which aids in immune evasion.
Moreover, low TMEM170B expression is linked to decreased
levels of antitumor immune cells, such as B cells, CD8+T cells,
CD4+T cells, NKs, DCs, andM1monocytes. Therefore, activating
TMEM170B may increase lymphocyte infiltration and
accordingly decrease the immune suppressive cells within the
TME. Tissue staining showed that TMEM170B had strong
positive correlations with tumour-infiltrating CD4+ and CD8+

cells, and negative correlations with MDSCs.
Immunotherapy, which is used in cancer treatment to block

the immune checkpoints such as programmed cell death-1
(PD-1) and programmed cell death-ligand 1(PD-L1), has
shown persisting clinical responses and prolonging survival
Feng et al. (2017). Hence, TMEM170B can be a potential
prognostic biomarker and immunotherapy agent in
combination therapy regimens to improve pancreatic cancer
treatment.
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In conclusion, this study is the first to confirm that human
pancreatic cancer cells and tissues have decreased expressed of
TMEM170B, which suggests that TMEM170B can serve as an
independent prognostic predictor following surgery in patients
with PAAD. Moreover, our results showed that the antitumor

effects might be explained by the reduced number of
immunosuppressive cells (MDSCs and Tregs) and the infiltration
of antitumor immune cells (CD8+T cells, CD4+T cells, and M1
macrophage) into the TME. Thus, TMEM170B could be regarded as
a novel target to address cancer progression. Future research

FIGURE 8 | Correlation Between TMEM170B Expression and the Infiltration Levels of CD4+ T Cells, CD8+T cells, and MDSCs in PAAD tissues. (A) TMEM170B
expression was positively correlated with the infiltration of CD4+T cells. (B) TMEM170B expression was positively correlated with the infiltration of CD8+T cells. (C)
TMEM170B expression was negatively correlated with the infiltration of MDSCs. Scale bar, 30 μm.
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endeavors to design novel drugs that can activate TMEM170B are
expected to counteract the immunosuppressive microenvironment
and improve the response to immunotherapy.
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