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Abstract
Background
Transmembrane protein 88 (TMEM88) has emerged as a newly discovered cancer-related protein that acts
as a cancer-promoting or cancer-inhibiting regulator in multiple tumor types. However, the exact role of
TMEM88 in liver cancer is undetermined. The current study was designed to determine the expression of
TMEM88 in liver cancer.
Results
TMEM88 expression was significantly lower in several human cancers, but higher in liver and bile cancer,
than in corresponding normal tissues. TMEM88 expression in HCC tissues correlated with prognosis. Low
TMEM88 expression associated with poorer overall survival, disease-specific survival, progression-free
survival, and relapse-free survival in multiple cohorts of HCC patients, particularly at late disease stages
(grade 2 and 3). TMEM88 showed strong correlation with tumor-infiltrating B cells, CD4+ and CD8+ T cells,
macrophages, neutrophils, and dendritic cells.
Conclusion
These findings demonstrate that TMEM88 is a potential prognostic biomarker that determines cancer
progression and correlated with tumor immune cells infiltration in HCC.

Introduction
Hepatocellular carcinoma (HCC) is among the most lethal and prevalent cancers in the human population,
which is more common in men than in women.1 It accounts for at least 85% of primary liver cancer which is
the third most common cause of cancer mortality worldwide compared with secondary liver cancer.2 The
global incidence of HCC shows dramatical differences on its worldwide distribution, gender, race, and
region. The risk factors for HCC then vary by many aspects, making the patients with HCC having a highly
multiple courses.3,4
Survival has improved due to the advancement of the diagnostic time (lead-time bias), and the effective
therapeutic strategies with the current 5-year survival in surgical patients might had exceeded 70%.5,6 A
notion is supported that HCC comprises several biologically distinct subgroups with molecular
heterogeneity that has not been appreciated from methods traditionally used to characterize HCC. Cancer
staging therefore becomes a critical step in management of HCC. However, although improving the
classification of HCC patients would at least improve the application of currently available treatment
modalities for better prognosis, the prognosis of HCC is complex and multifaceted still.7 The optimal
staging system is still under intense debate despite that key predictors of prognosis are recognized as tumor
extent, degree of liver dysfunction, and patient’s general health condition.7,8 But it is as true as with other
cancers, the early diagnosis and early treatment of HCC can significantly improve the overall effect. Recent
researches have confirmed that the occurrence of liver cancer is closely related with many oncogenes and
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tumor suppressor genes and that these genes’ expressions and their product structures at the cell or
molecular level would contribute to explore the carcinogenesis of HCC.9-11 Besides, studying genes from
genetic level for diagnosis, treatment, and prevention of HCC to explore cancer-related genes and protein as
detecting molecular biomarkers opens up a new way for the study on the pathogenesis of HCC as well.
Recently, many biomarkers were identified relating to invasion, metastasis, recurrence, and survival, such as
transcripts of tumor-associated antigens (α-fetoprotein (AFP), melanoma-associated antigens (MAGEs), and
cytokeratin 19 (CK19)),12,13 the molecular markers for cellular malignancy phenotype (DNA ploidy,14 cellular
proliferation index,15,16 cell cycle regulators,17 oncogenes, and tumor suppressors18,19), as well as
telomerase activity.20 Some of these biomarkers are potential predictors for HCC metastatic recurrence and
clinical outcomes.21 Accordingly, the identification and clinical application of the prognostic biomarkers for
HCC are feasible and promising.
Transmembrane protein 88 (TMEM88) is a newly discovered transmembrane protein that interacts with
dishevelled-1 protein during embryonic development.22 It has been well documented that TMEM88
functions as a key regulator of Wnt/β-catenin signaling and plays a pivotal role in regulating cardiomyocyte
differentiation and heart development in embryos.23 The dysregulation of TMEM88 is implicated in multiple
pathological processes, including keloid formation, inflammation, and liver fibrosis.24-26 Notably, TMEM88
has emerged as a key regulator in cancer initiation and progression; it functions as an oncogene or a tumorsuppressor.27 TMEM88 expression is frequently elevated in lung and breast cancers, a phenomenon that is
correlated with tumor advance, lymph node metastasis, and a poor overall survival rate.28,29 Moreover,
TMEM88 overexpression enhances the invasion and metastasis of cancer cells in vitro and in vivo.28,29 In
contrast, low TMEM88 expression is found in non-small cell lung cancer due to hypomethylation of its
promoter, and its overexpression restricts cancer cell proliferation and invasion.30 These findings suggest an
essential role for TMEM88 in cancer progression.
Unfortunately, the expression pattern of this protein in normal liver cells and liver tumor cells has not been
investigated, let alone the association of this gene and the prognosis of HCC patients. Accordingly, TMEM88
was newly screened out as prognostic marker of HCC in this study.

Results
The levels of TMEM88 mRNA in HCC and other cancers
The analysis of TCGA RNA-seq data using the TIMER database showed that TMEM88 mRNA expression
was significantly lower in BLCA (bladder urothelial carcinoma), BRCA (breast invasive carcinoma), CESC
(Cervical squamous cell carcinoma and endocervical adenocarccinoma), KICH (kidney chromophobe), KIRP
(kidney renal papillary carcinoma), LUAD (lung adenocarcinoma), LUSC (lung squamous cell carcinoma),
READ (rectum adenocarcinoma), THYM (Thymoma), and UCEC (uterine corpus endometrial carcinoma)
tissues compared with the corresponding normal tissues (Figure 1). TMEM88 mRNA expression was higher
in HCC (Liver hepatocellular carcinoma) and CHOL (Cholangiocarcinoma) compared with the corresponding
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normal tissues. These data showed that TMEM88 expression was deregulated in most of the cancer tissues
but in the liver cancer tissue.
Prognostic significance of TMEM88 expression in human cancers
Next, we analyzed the prognostic value of TMEM88 expression in human cancers using the Kaplan-Meier
plotter database. Low TMEM88 expression was associated with poorer prognosis in HCC (OS: HR=0.58,
95% CI=0.41 to 0.82, P=0.0018; PFS: HR=0.59, 95% CI=0.44 to 0.8, P =0.00047; RFS: HR=0.69, 95% CI=0.49
to 0.96, P=0.026; DSS: HR=0.49, 95% CI=0.31 to 0.78, P=0.0018; Figure 2A–2D), Breast Cancer (RFS: HR
=0.67, 95% CI=0.58 to 0.78, P=2.4e-07; Figure 2G) and Pancreatic Ductal Adenocarcinoma (OS: HR=0.68,
95%CI=0.45 to 1.03, P=0.066; RFS: HR=0.5, 95% CI=0.21 to 1.19, P=0.11; Figure 2L, 2M). Low TMEM88
expression was associated with better prognosis in Breast Cancer (PPS: HR=1.37, 95%CL=0.96 to 1.94,
P=0.083; Figure 2F), Gastric Cancer (OS: HR=1.74, 95% CI=1.4 to 2.17, P=4.2e-07; PPS: HR=2.35, 95%
CI=1.77 to 3.13, P=1.3e- 09; FP: HR=1.57, 95%CI=1.23 to 1.99, P=0.00023; Figure 2I–2K), Lung Cancer (PPS:
HR=1.59, 95%CI=1.03 to 2.46, P=0.034; Figure 2O). However, TMEM88 expression was not associated with
OS and DMFS in breast cancer (Figure 2E, 2H), OS and FP in Lung Cancer (Figure 2N, 2P), and OS, PFS, and
PPS in Ovarian cancer (Figure 2Q–2S). These results demonstrate the prognostic significance of TMEM88
expression in liver, breast, gastric, pancreatic ductal, and lung cancers.
However TMEM88 mRNA expression was higher in HCC (Liver hepatocellular carcinoma) and CHOL
(Cholangiocarcinoma) compared with the corresponding normal tissues but high TMEM88 expression was
associated with better prognosis in both HCC and CHOL.(Figure 1 and Figure 2A-2D)
Correlation between TMEM88 expression and infiltration levels of immune cells of HCC patients
We used 371 HCC patients data in TIMER database to investigate the correlation of TMEM88 expression
and infiltration levels of immune cells in HCC tissues (Figure 3). TMEM88 expression in HCC tissues
positively correlates with infiltration levels of CD8+ T cells (partial.cor=0.004), but negatively correlates with
tumor purity (cor=-0.178) and infiltration levels of B cells (partial.cor=-0.207), CD4+ T cells
(partial.cor=-0.065), macrophages (partial.cor=-0.2), neutrophils (partial.cor=-0.145) and dendritic cells
(partial.cor=-0.05).
Correlation analysis of TMEM88 and other marker genes of immune cells expression with patients survival
in HCC and CHOL tissues
In this investigation we found out that the expression of TMEM88 (p=0.004) in HCC tissues was the only
factor that statistically significant correlation with patients survival outcome, the higher TMEM88
expression in HCC patients the better prognosis (Figure 4). The expression of B cells (p=0.489), CD8+ cells
(p=0.551), CD4+ cells (p=0.454), macrophages (p=0.153), neutrophils (p=0.2) and dendritic cells (p=0.288)
was not have statistically significant correlation with patients survival outcome. On the other hand, the only
marker genes have statistically significant correlation with patients survival outcome in CHOL tissues was
in neutrophils (p=0.044), but not in TMEM88 (p=0.534), B cells (p=0.619), CD8+ cells (p=0.208), CD4+ cells
(p=0.244), macrophages (p=0.124), and dendritic cells (p=0.131).
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Table 1. Correlation of TMEM88 mRNA expression and prognosis in hepatocellular carcinoma with different
clinicopathological factors by Kaplan-Meier plotter.
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Clinicopathological
factors

Overall

survival

survival

Progression-free

N

Hazard ratio

Pvalue

N

Hazard ratio

P-value

Female

118

0.44(0.24-0.79)

0.005

120

0.63(0.381.05)

0.0715

Male

246

0.58(0.37-0.91)

0.016

246

0.65(0.450.93)

0.0173

SEX

Stage
1

170

0.77(0.42-1.41)

0.3954

170

0.58(0.350.96)

0.0313

2

83

0.59(0.27-1.31)

0.1886

84

0.65(0.361.18)

0.1561

1+2

253

0.72(0.45-1.16)

0.1788

254

0.57(0.390.84)

0.0036

3

83

0.44(0.24-0.81)

0.0064

83

0.9(0.53-1.55)

0.7122

2+3

166

0.49(0.3-0.8)

0.0032

167

0.72(0.481.07)

0.1024

4

4

-

-

5

-

-

3+4

87

0.5(0.28-0.89)

0.0158

88

0.81(0.481.37)

0.4313

1

55

0.59(0.23-1.52)

0.2734

55

0.72(0.331.57)

0.4078

2

174

0.53(0.32-0.89)

0.015

175

0.61(0.390.94)

0.0234

3

118

0.39(0.21-0.75)

0.003

119

0.55(0.330.91)

0.0172

4

12

-

-

12

-

-

1

180

0.79(0.44-1.41)

0.4186

180

0.62(0.381.02)

0.0557

2

90

0.47(0.22-1)

0.0466

92

0.62(0.361.08)

0.0887

3

78

0.47(0.25-0.86)

0.0123

78

0.75(0.431.33)

0.3288

4

13

-

-

13

-

-

Grade

AJCC_T
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Vascular invasion
Micro

90

0.46(0.21-1)

0.0452

91

0.68(0.39-1.2)

0.1818

None

203

0.71(0.43-1.19)

0.194

204

0.68(0.441.06)

0.0888

White

181

0.68(0.43-1.07)

0.0967

183

0.65(0.440.97)

0.0325

Asian

155

0.43(0.23-0.8)

0.0059

155

0.6(0.38-0.97)

0.0346

yes

115

0.64(0.34-1.22)

0.1684

115

0.6(0.35-1)

0.0088

none

202

0.5(0.31-0.81)

0.0037

204

0.66(0.440.99)

0.0456

Yes

150

1.12(0.58-2.16)

0.7337

152

0.63(0.39-1)

0.0459

None

167

0.39(0.24-0.63)

7.5e05

167

0.63(0.410.98)

Race

Alcohol consumption

Virus hepatitis

0.0369

Bold values indicate P < 0.05.
Correlation between TMEM88 expression and clinical characteristics of HCC patients
Next, we investigated the relationship between TMEM88 expression and different clinical characteristics of
HCC using the Kaplan-Meier Plotter database and the results are shown in Table 1. Low TMEM88
expression correlated with both poorer OS and PFS in males (OS: HR=0.58, P=0.0016; PFS: HR=0.65,
P=0.0173), Grade 2 patients (OS: HR=0.53, P=0.015; PFS: HR=0.61, P=0.0234), Grade 3 patients (OS:
HR=0.39, P=0.003; PFS:HR=0.55, P=0.0172), Asians (OS: HR=0.43, P=0.0059; PFS: HR=0.6, P=0.0346), and
non-alcoholics (OS: HR=0.5, P=0.0037; PFS: HR=0.66, P=0.0456). Low TMEM88 mRNA expression
correlates with worse OS in female (HR=0.44, P=0.005), stage 2+3 patients (HR=0.49, P=0.0032), stage 3
patients (HR=0.44, P=0.0064), stage 3+4 patients (HR=0.5, P=0.0158), AJCC_T grade 2 patients (HR=0.47,
P=0.0466), AJCC_T grade 3 patients (HR=0.47, P=0.0123) and patients with micro vascular invasion
(HR=0.46, P=0.0452). Low TMEM88 mRNA expression correlates with worse PFS in stage 1 patients
(HR=0.58, P=0.0313), stage 1+2 patients (HR=0.57, P=0.0036), Whites (HR=0.65, P=0.0325), alcohol
consumers (HR=0.6, P=0.0088), patients with hepatitis virus (HR=0.63, P=0.0459) and patients without
hepatitis virus (HR=0.63, P=0.0369). However, TMEM88 expression did not correlate with OS and PFS in
stage 2 patients (OS: HR=0.59, P=0.1886; PFS: HR=0.65, P=0.1561), grade 1 patients (OS: HR=0.59,
P=0.2734; PFS: HR=0.72, P=0.4078) and AJCC_T grade 1 patients (OS: HR=0.79, P=0.4186; PFS: HR=0.62,
P=0.0557). These results demonstrate that prognostic significance of TMEM88 expression in HCC patients
based on their clinical characteristics, especially in late stage of HCC.
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Table 2. Correlation analysis between TMEM88 and marker genes of immune cells in GEPIA.
HCC
Description

Gene
markers

CHOL

Tumor

Normal

Tumor

Normal

R

P

R

P

R

P

R

P

Monocyte

CD86

−0.1

0.054

0.57

1.8e-05

0.05

0.77

0.87

0.0045

Neutrophils

CD11b

−0.23

9.4e-06

0.43

0.0019

−0.11

0.53

0.63

0.076

CCR7

0.15

0.0035

0.49

0.00027

0.21

0.21

0.89

0.0014

CD68

−0.1

0.051

0.48

0.00039

−0.24

0.15

0.75

0.025

IL-10

−0.032

0.54

0.2

0.17

0.018

0.92

-0.18

0.65

IFN-γ
(IFNG)

−0.14

0.0064

0.33

0.02

0.26

0.13

0.51

0.16

STAT1

−0.17

0.0012

0.45

0.00091

−0.24

0.15

0.3

0.44

T-bet
(TBX21)

0.17

0.00087

0.48

0.00046

0.33

0.048

0.82

0.011

TNF-α
(TNF)

−0.11

0.031

0.3

0.034

0.21

0.21

0.61

0.079

Th2

STAT6

0.059

0.26

0.48

0.00047

−0.031

0.86

0.77

0.021

Treg

CCR8

−0.12

0.018

0.13

0.18

0.28

0.047

0.33

0.39

STAT5B

0.012

0.81

0.26

0.18

0.29

0.41

0.63

0.076

TGF-β
(TGFB1)

−0.062

0.23

0.7

1.9e-08

0.06

0.73

0.83

0.0083

CTLA4

−0.2

9.1e-05

0.43

0.0016

0.25

0.13

0.57

0.11

PD-1
(PDCD1)

−0.13

0.016

0.46

0.00082

-0.046

0.79

0.96

4.8e05

TIM-3
(HAVCR2)

−0.18

4e-04

0.57

1.8e-05

-0.12

0.5

0.82

0.011

TAM

Th1

T cell
exhaustion

Correlation analysis between mRNA levels of TMEM88 and markers of different subsets of immune cells
Next, we investigated the correlation between TMEM88 expression and the status of tumor-infiltrating
immune cells based on the levels of immune marker gene expression in HCC and CHOL tissues using the
GEPIA database. The immune cells analyzed in HCC tissues included monocytes, neutrophils, tumorassociated macrophages (TAMs), T helper 1 (Th1), T helper 2 (Th2), regulatory T (Tregs) and exhausted T
cells.
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Analysis of the GEPIA database showed that TMEM88 expression in HCC tissues significantly correlated
with the expression of marker genes from TAMs, neutrophils, T-helper, Treg and exhausted T cells, whereas
the correlation was not significant in CHOL (Table 2).
Specifically, TMEM88 expression showed significant correlation with the expression of markers of specific
immune cells such as monocyte markers, CD86 (CHOL: normal: R=o.87, P=0.0045) and CD11b (HCC:
normal: r=0.43, P=0.0019), neutrophils marker, CCR7 (HCC: tumor: r=0.15, P=0.0035, normal: r=0.49,
P=0.00027; CHOL: normal: r=0.89, P=0.0014), TAM marker, CD68 (HCC: normal: r=0.48, P=0.00039; CHOL:
normal: r=0.75, P=0.025), Th1 markers, IFN-γ (HCC: tumor: r=-0.14, P=0.0064, normal: r=0.33, P=0.02),
STAT1 (HCC: tumor: r=-0.17, P=0.0012, normal: r=0.45, P=0.00091), T-bet (HCC: tumor: r=0.17, P=0.00087,
normal: r=0.48, P=0.00046; CHOL: tumor: r=0.33, P=0.048, normal: r=0.82, P=0.011), TNF-α (HCC: tumor:
r=-0.11, P=0.031, normal: r=0.3, P=0.034), Th2 marker, STAT6 (HCC: normal: r=0.48, P=0.00047; CHOL:
normal: r=0.77, P=0.021), Treg marker, CCR8 (HCC: tumor: r=-0.12, P=0.018; CHOL: tumor: r=0.28, P=0.047)
and TGF-β (CHOL: normal: r=0.83, P=0.0083), and exhausted T cell, CTLA4 (HCC: normal: r=0.43, P=0.0016),
PD-1 (HCC: tumor: r=-0.13, P=0.016, normal: r=0.46, P=0.00082) and TIM-3 (CHOL: normal: r=0.82, P=0.011).
These findings strongly suggest that TMEM88 expression correlates with infiltration of immune cells in
hepatocellular carcinoma.

Discussion
The level of TMEM88 mRNA in cancer tissues were analyzed using TIMER, Kaplan-Meier Plotter and GEPIA
databases. Analysis of TMEM88 mRNA levels in cancer and normal tissues in the TIMER database revealed
that TMEM88 expression was significantly downregulated in most cancer but HCC and CHOL. However,
there was variability in the expression of TMEM88 in different types of cancers, which may reflect
differences in the data collection methods and the underlying causative mechanism. However, the TMEM88
ecpression data was consistent in HCC tissues across different databases. Gene expression analysis of the
GEPIA database revealed that low TMEM88 expression correlated with worse prognosis in the HCC. KaplanMeier Plotter analyses showed that low TMEM88 expression correlated with worse prognosis in liver, breast
and pancreatic ductal cancers. In HCC patients, low TMEM88 expression correlated with worse prognosis of
patients in late stages (grade 2 or grade 3). High TMEM88 expression correlated with better OS, PFS, RFS
and DSS in HCC patients. These data strongly suggest that TMEM88 is a potential prognosis biomarker in
HCC, especially for patients in late cancer stages.
Immune responses at primary and secondary tumor sites depend on the different types of immune cells that
infiltrate into the tumor micro-environment. The infiltration of different types of immune cells is tightly
regulated by the various chemokines, which modulate tumor immunity and the biological phenotype of the
tumors, and also influence tumor progression, therapy and prognosis 33–35.
Several factors could influence the outcomes of this study. Firstly, this study is based on data retrieved from
published articles, public repositories, and communications with study authors. Hence, the quality of data
can influence the study outcomes. Secondly, the quantity of samples in the databases is constantly
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supervised and extended, which can affect the outcomes of this study. Thirdly, the accuracy and choice of
the statistical methods used by the databases to analyze the
data could affect the interpretation of the study results. However, we obtained similar results by analyzing
multiple databases, which supports the conclusions of our study.
Our study has some limitations. Firstly, our investigations into the role of TMEM88 in tumors were based on
data that was already reported in the Kaplan-Meier plotter, GEPIA and TIMER databases. However, we did
not verify these outcomes by testing our own clinical samples. Secondly, the sample sizes of some
individual tumors in the databases were small. In such cases, large sample sizes will be necessary for
reliable interpretation of data. Thirdly, we did not conduct animal experiments to confirm the role of
TMEM88 in the growth and progression of HCC, and its relationship with the infiltration of immune cells into
the tumor microenvironment. Hence, further studies are necessary
to verify the role played by TMEM88 in HCC.
In summary, our results suggest that TMEM88 is a potential independent prognostic biomarker for HCC that
can be used to evaluate the levels of immune cell infiltration in the tumor tissues. Relatively high levels of
TMEM88 in HCC may indicate greater risk of tumor relapse after treatment and close medical supervision
will be necessary for such patients.

Conclusion
This study demonstrate that TMEM88 mRNA levels correlate with prognosis of hepatocellular carcinoma.
High TMEM88 mRNA levels correlate with a better prognosis in HCC even though TMEM88 expression in
liver cancer cells higher than normal liver cells. The downregulation of TMEM88 associated with worse
prognosis in patients associated with clinical characteristics such as males, Asians, non alcohol consumers,
Grade 2 and Grade 3 patients. Furthermore, TMEM88 mRNA levels correlate with the numbers of tumorinfiltrated immune cells based on the levels of markers for different immune cell types in HCC. Our study
suggest that TMEM88 is a potential prognostic biomarker for HCC.

Methods And Materials
TCGA and GEO belong to public databases. The patients involved in the database have obtained ethical
approval. Users can download relevant data for free for research and publish relevant articles. Our study is
based on open source data, so there are no ethical issues and other conflicts of interest.
The Cancer Genome Atlas (TCGA), a landmark cancer genomics program, molecularly characterized over
20,000 primary cancer and matched normal samples spanning 33 cancer types. This joint effort between
NC and the National Human Genome Research Institute began in 2006, bringing together researchers from
diverse disciplines and multiple institutions.
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Over the next dozen years, TCGA generated over 2.5 petabytes of genomic, epigenomic, transcriptomic, and
proteomic data. The data, which has already led to improvements in our ability to diagnose, treat, and
prevent cancer, will remain publicly available for anyone in the research community to use.
（cancer.gov/about-nci/organization/ccg/research/structural-genomics/tcga）
Kaplan-Meier survival curve analysis
Kaplan-Meier survival curve analysis was performed to assess the correlation between the expression of the
54,000 genes (mRNA, miRNA, protein) on the survival rates in 21 different cancers using more than 10,000
cancer samples, including 364 liver, 7830 breast, 1440 gastric, 2190 ovarian, and 3452 lung cancer samples.
Kaplan-Meier plots (http://kmplot.com/analysis/) were used to analyze the relationship between TMEM88
gene expression and survival rates in liver, gastric, breast, pancreatic, ovarian, and lung cancers based on
the hazard ratios (HR) and log-rank P-values.32
TIMER analysis
TIMER database was used to systematically analyze the tumor-infiltrating immune cells (TIICs) in 32 cancer
types using more than 10,000 samples from The Cancer Genome Atlas
(TCGA) (https://cistrome.shinyapps.io/timer/) database.31 TIMER determines the abundance of tumorinfiltrating immune cells (TIICs) based on the statistical analysis of gene expression profiles.33 We analyzed
the association between the level of TMEM88 gene expression and the abundance of infiltrating immune
cells, including CD4+ T cells, CD8+ T cells, B cells, neutrophils, dendritic cells and macrophages based on
expression of specific marker genes in different cancers including HCC. The marker genes used for analysis
of tumor-infiltrating immune cells including T cells, B cells, TAMs, monocytes, M1 macrophages, M2
macrophages, natural killer (NK) cells, neutrophils, dendritic cells (DCs), T-helper (Th) cells, T-helper 17
(Th17) cells, follicular helper T (Tfh) cells, exhausted T cells, and Tregs were based on data from previous
studies.34,35 TMEM88 gene was on the x-axis and related marker genes are on the y-axis.
GEPIA analysis
The Gene Expression Profiling Interactive Analysis (GEPIA) database (http://gepia.cancer-pku.cn/index.
html) was used to analyze the RNA sequencing expression data from 8,587 normal and 9,736 tumor tissue
samples from the TCGA and GTEx projects.36

Abbreviations
TMEM88: Transmembrane protein 88; HCC: Hepatocellular Carcinoma; TIMER: Tumor Immune Estimation
Resource; GEPIA: Gene Expression Profiling Interactive Analysis; OS: overall survival; DSS: disease-specific
survival; PFS: progression-free survival; DMFS: distant metastasis-free survival; PPS: post progression
survival; FP: first progression.
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Figure 1
The level of TMEM88 expression in different tumor types from the TCGA database in TIMER. Note: *P <
0.05, **P < 0.01, ***P < 0.001.
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Figure 2
Kaplan-Meier survival curve analysis of the prognostic significance of high and low expression of TMEM88
in different types of human cancers using the Kaplan-Meier plotter database (A-S). (A–D) High TMEM88
expression was correlated with better OS, PFS, RFS and DSS in HCC cohorts (n=364, n=366, n=313, n=357).
(E–H) Survival curves of OS, PPS, RFS and DMFS in the breast cancer cohort (n=1,879, n=458, n=4,929,
n=2,765). (I–K) OS, PPS and FP survival curves of gastric cancer. High TMEM88 expression was correlated
with poor OS, PPS and FP (n = 875, n = 498, n=640). (L, M) OS and RFS survival curves of pancreatic ductal
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adenocarcinoma. High TMEM88 expression was correlated with better OS and RFS. (n = 177, n = 69). (N–P)
OS, PPS and FP survival curves of lung cancer. High TMEM88 expression was correlated with poor OS (n =
1,925, n = 344, n=982). (Q–S) OS, PPS and PFS survival curves of ovarian cancer (n = 1,656, n = 782,
n=1,435). OS: overall survival; PFS: progression-free survival; RFS: relapse-free survival; DSS: diseasespecific survival; DMFS: distant metastasis-free survival; PPS: post progression survival; FP: first
progression.

Figure 3
Correlation analysis of TMEM88 expression and infiltration levels of immune cells in HCC tissues using the
TIMER database. TMEM88 expression in HCC tissues positively correlates with tumor purity and infiltration
levels of CD8+ T cells, but negatively correlates with tumor purity and infiltration levels of B cells, CD4+ T
cells, macrophages, neutrophils, and dendritic cells (n =371).

Figure 4
TIMER survival curve analysis of TMEM88 and other marker genes of immune cells in HCC (n=362, 127
dying) and CHOL (n=36, 18 dying) tissues using the TIMER database.
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