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Abstract

Key words

Background and Aims: Research has found a close relationship between transmembrane protein
(TMEM) family genes and tumors. TMEM201 is a member of the TMEM family, and its expression and
role in hepatocellular carcinoma (HCC) are currently unclear. Therefore, this study was conducted, uses
bioinformatics methods, to analyze the expression and function of TMEM201 in HCC and predict the
pathways it may be involved in, exploring the underlying mechanisms.

Methods: TMEM201 expression in pan-cancer is analyzed using TIMER. Data of HCC patients from
TCGA and GEO databases are downloaded, and the specimens and clinical information of 106 HCC
patients were collected. The expressions of TMEM201 in liver cancer tissue and adjacent tissue were
analyzed, the survival curves were plotted to analyze the relationship between TMEM201 expression and
the prognosis of HCC patients. Univariate and multivariate Cox analyses are employed to identify HCC-
related risk factors. The relationship between TMEM201 expression and clinicopathologic characteristics
of HCC patients was analyzed based on TCGA and clinical data. String and GeneMANIA databases were
used to construct a network diagram of TMEM201 and its related genes. TCGA database was used to
analyze the relationship between TMEM201 and immune cells. LinkedOmics database was employed to
analyze co-expressed genes related to TMEM201, followed by GO functional analysis and KEGG
pathway prediction of these co-expressed genes.

Results: Pan-cancer analysis showed that TMEM201 was highly expressed in the majority of tumors.
Multiple databases analysis and immunohistochemical results of clinical HCC specimens revealed that
TMEM201 expression in HCC tissue was significantly higher than that in adjacent tissue (all P<0.05).
Additionally, patients with high TMEM201 expression had a significantly shorter survival time than
those with its low expression. Univariate and multivariate Cox regression suggested that TMEM201
expression was an independent risk factor for overall survival in HCC patients. Protein interaction
networks and GeneMANIA database analysis showed significant interactions between TMEM201 and
genes such as SUN1, SUN2, LMNBI, and EMD. Immune infiltration analysis indicated a significant
association between TMEM201 expression and dendritic cells, cytotoxic cells, Th2 cells, etc.
Furthermore, functional enrichment analysis demonstrated that TMEM201 and its co-expressed genes
were involved in various biological processes, cellular components, molecular functions, and signaling
pathways related to HCC. Pathway results and correlation heatmaps suggested a strong correlation
between TMEM201 and the cell cycle.

Conclusion: TMEM201 is highly expressed in HCC tissue and is an independent risk factor influencing
the prognosis of HCC patients. The mechanism of action of TMEM201 in HCC may be related to the
regulation of immune infiltration and the control of the cell cycle.
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1 TMEM2017EiZ &R HRIAER
Figure 1 The expression profile of TMEM201 in pan-cancer
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Figure 2 The expression of TMEM201 in HCC tissue and adjacent tissue A: TCGA; B: GSE121248; C: GSE84402; D:
Clinical samples; E~F: Immunohistochemical detection of the expression of TMEM201
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2.2 TMEM201RiZ5HCC BEWEHXE
AT HF5E HCC # 3 d TMEM201 (19 %35 5 TS
X F&, it TCGA B E 4 ] 0S . DSS A4 77 Hl 26,
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P<0.001
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P=0.016

25 B R TMEM201 /5 R IE 5 ARG A 5% B
Bifi 7 10 06 PR K509 06 FH R O35 55 22 1) 52 0S . DSS A=
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P<0.001
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3 TMEM201Ki%50S. DSSHIXF
Figure 3 The relationship between TMEM201 expression and OS and DSS
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1 EMWHCCEEOSHEEEZEEEREZE CoxBIHSH (TCGAEIEE)

Table 1 Univariate and multivariate Cox Regression analysis of factors influencing OS in HCC patients (TCGA database)

T AR ZHER
HR 95% CI P HR 95% CI P
TMEM201 2.709 1.819~4.035 <0.001 2.262 1.501~3.410 <0.001
AR 1.224 0.828~1.789 0.295 — — —
51 0.781 0.529~1.152 0.212 — — —
AR 2t 0.648 0.430~0.977 0.038 0.711 0.467~1.080 0.11
iR 732 1.086 0.839~1.407 0.531 — — —
Il R340 1.699 1.381~2.091 <0.001 1.276 0.564~2.888 0.559
T 43401 1.673 1.374~2.037 <0.001 1.288 0.592~2.802 0.523

&2 TMEM201R[ZEES5HCCEZERMAFBEERRNKXR (TCGABIERE) [n (%) )
Table 2 Relationship between TMEM201 expression and clinicopathologic factors in HCC patients (TCGA database) [n (%)]

HE fRF3% (n=246) R (n=74) X P
(%)
<60 108(43.9) 44(59.5)
5.521 0.019
>60 138(56.1) 30(40.5)
P51
5 172(69.9) 48(64.9)
0.676 0.411
& 74(30.1) 26(35.1)
RS (kg)
<60 52(21.1) 30(40.5)
11.237 <0.001
=60 194(78.9) 44(59.5)
Jihea 4344
G1+G2 164(66.7) 32(43.2)
15.119 0.002
G3+G4 82(33.3) 42(56.8)
It R 53 1A
I+11 194(78.9) 45(60.8)
24.454 <0.001
MI+1V 52(21.1) 29(39.2)
T4
T1+T2 195(79.3) 46(62.2)
22.802 <0.001
T3+T4 51(20.7) 28(37.8)

®3 MMWMHCCEEZEOSHERERSZEE CoxEFNH (kKR H)

Table 3 Univariate and multivariate Cox Regression analysis of factors influencing OS in HCC patients (clinical cases)

p— HHER ZHE

HR 95% CI P HR 95% CI P
TMEM201 2.35 1.169~4.726 0.016 2.142 1.057~4.340 0.035
AR 0.812 0.456~1.443 0.477 — — —
5 0.866 0.442~1.697 0.675 — — —
i e 3 9% 0.737 0.396~1.375 0.338 — — —
T340 2.119 1.176~3.820 0.012 1.045 0.137~7.964 0.966
e PR 4345 2.175 1.213~3.901 0.009 1.883 0.250~14.197 0.539
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F4 TMEM201RkiZ5HCCEERKRENAXR (IRKFEG) (2 (%) ]
Table 4 Relationship between TMEM201 expression and clinicopathologic factors in HCC patients (clinical cases) [n (%)]

AR (%)
<60 20(54.1) 40(58.0)
0.15 0.698
260 17(45.9) 29(42.0)
P51
& 10(27.0) 13(18.8)
0.95 0.330
5 27(73.0) 56(81.2)
fibga 434
GI1+G2 24(64.9) 46(66.7)
0.035 0.825
G3+G4 13(35.1) 23(33.3)
T4
T1+T2 31(83.8) 45(65.2)
4.091 0.043
T3+T4 6(16.2) 24(34.8)
i R 4311
I+11 31(83.8) 43(62.3)
5.265 0.022
I+1V 6(16.2) 26(37.7)
Study of origin

# Samples per Patient
Profiled for copy number alterations

Profiled for mutations

|

Profiled for structural variants

I

Genetic Alteration l i Mutation igni I I Deep Deletion I No alterations ~ ~ Not profiled
Study of origin I Hepatocellular Carcinoma (MSK, Clin Cancer Res 2018) I Liver t (AMC, } 2014)

I Liver Hepatocellular Carcinoma (TCGA, Firehose Legacy)

# Samples per Patient 0 ‘ 2
Profiled for copy number Jyes no
alterations

Profiled for mutations Jyes no
Profiled for structural variants I Yes No

W Altered group
M Unaltered group
P=0.103

4 TMEM201 EEHETSHCCEEZEETFNXER

B Altered group
M Unaltered group
P=0.576

A: TMEM201 £ 25 ) OncoPrint s 4% ; B: OSHiZk; C: DSSihk

Figure 4 Relationship between TMEM201 gene alterations and survival in HCC patients A: OncoPrint summary of
TMEM201 gene alterations; B: OS curve; C: DSS curve
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2.4 TMEM201 %ix7kF5HCC AL RE M2
EHHX &R
I ssGSEA 55 1 ¥F i 24 Fr 20 6 325 21 i 7E HCC
AP RREE O, 8 3d Spearman 3 43 51 A5 A
£ 20 L 5 TMEM201 /9 4 56 (& 5A) . TMEM201
. R IR Z R s iR i A5 R 225 (K 5B) .
gh R Won, TMEM201 5 20 B 35 PE 40 . B 220k 40

M8 (dendritic cells, DC) . ki 4008 . 3¢ 40 i R
B 2 MR 40 i (plasmacytoid DG, pDC) . 3T 4 il
(T gamma delta, Ted) . Th17 40A . ¥ 55 P T 40 i
(regulatory T cells, TReg) “FRHAHE; 5CD56 (+)
NK 20 M1 . 4G Bh T 46 M. uE U AT B PE T 40 iR
(T follicular helper, TFH) . Th2 400 45 S FEAHE .

El5 HCCH2ZMiEiE5 TMEM201 RizMX RS A: HCC L 24 R e 401 /K7 5 TMEM201 6345 7KF- 1Y
Spearman AHIC /TS ; B: TMEM201 5 3R 1A 4 FIMIRER A 21 i S 200 B 12 15 0

Figure 5 Analysis of the relationship between immune cell infiltration and TMEM?201 expression in HCC

A: Spearman

correlation analysis results of 24 immune cell infiltration levels and TMEM201 expression levels in HCC tissues;

B: Immune cell infiltration status in TMEM201 high-expression and low-expression groups

2.5 TMEM201 £RiEZME K GO KEGG EERN T

LinkedOmines 7£ 2k T. 5. X} TCGA-LIHC $ 45 1F 17
ST, AT 7 s 2R A Pearson £ 56, S5-38 TMEM201
it FRRERE (K6, AEAHRRIES
TMEM201 i 50 4~ 1E AH ¢ . £ AH ¢ & % U1 iy JE 1A .
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Figure 6 TMEM?201 co-expression network and analysis of GO functional annotation and KEGG signaling pathway analysis

A-C: Pearson correlation analysis of genes associated with TMEM201 expression in HCC; D-F: GO functional

annotation of genes associated with TMEM201 expression in HCC; G: KEGG signaling pathway analysis of genes

associated with TMEM201 expression in HCC
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