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Abstract.
BACKGROUND: Cms1 ribosomal small subunit homolog (CMSS1) is an RNA-binding protein that may play an important role
in tumorigenesis and development.
OBJECTIVE: RNA-seq data from the GEPIA database and the UALCAN database were used to analyze the expression of
CMSS1 in liver hepatocellular carcinoma (LIHC) and its relationship with the clinicopathological features of the patients.
METHODS: LinkedOmics was used to identify genes associated with CMSS1 expression and to identify miRNAs and transcrip-
tion factors significantly associated with CMSS1 by GSEA.
RESULTS: The expression level of CMSS1 in hepatocellular carcinoma tissues was significantly higher than that in normal
tissues. In addition, the expression level of CMSS1 in advanced tumors was significantly higher than that in early tumors. The
expression level of CMSS1 was higher in TP53-mutated tumors than in non-TP53-mutated tumors. CMSS1 expression levels
were strongly correlated with disease-free survival (DFS) and overall survival (OS) in patients with LIHC, and high CMSS1
expression predicted poorer OS (P < 0.01) and DFS (P < 0.01). Meanwhile, our results suggested that CMSS1 is associated
with the composition of the immune microenvironment of LIHC.
CONCLUSIONS: The present study suggests that CMSS1 is a potential molecular marker for the diagnosis and prognostic of
LIHC.
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1. Introduction1

Liver hepatocellular carcinoma (LIHC) is the pre-2

dominant pathological type of primary liver cancer, ac-3
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counting for approximately 90% of all liver cancers [1]. 4

Currently, the main treatment options for LIHC are sur- 5

gical resection, liver transplantation, interventional ther- 6

apy, ablative therapy, targeted therapy and immunother- 7

apy [2]. Due to the lack of early symptoms and effec- 8

tive diagnostic markers, most patients with LIHC are 9

usually advanced at the time of initial diagnosis and 10

lose the opportunity for radical resection. Therefore, 11

there is an urgent need to identify more new and reliable 12

biomarkers to aid in early diagnosis and early treatment. 13

RNA binding proteins (RBPs) are powerful and ex- 14
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tensive regulators in cells, which participate in gene15

expression regulation at multiple levels by specifically16

recognizing RNA, such as RNA stability, pre-mRNA17

splicing, translation, etc. [3]. RBPs have important reg-18

ulatory roles in cell development, metabolism and vari-19

ous diseases [4,5]. More and more attention has been20

paid to the involvement of RNA-binding proteins in21

the regulation of tumor-related biological processes,22

including the regulation of apoptosis, epithelial-to-23

mesenchymal transition (EMT), and autophagy [6–10].24

CMSS1 (Cms1 Ribosomal Small Subunit Homolog)25

is a protein-coding gene that encodes an RNA-binding26

protein. In recent years, more and more attention has27

been paid to the regulatory role of RNA-binding pro-28

teins in malignant tumors [11]. Therefore, we inves-29

tigated the expression landscape of CMSS1 in LIHC,30

the functional enrichment analysis of CMSS1, the im-31

pact of CMSS1 expression levels on patient prognosis,32

the relationship between CMSS1 and the immune mi-33

croenvironment of LIHC, and so on. Thus, the results34

of this study may provide new molecular markers for35

the diagnosis and prognosis of LIHC.36

2. Materials and methods37

2.1. Expression of CMSS1 in LIHC and its effect on38

prognosis39

This study was conducted by investigating the ex-40

pression of CMSS1 in LIHC cancer and normal tis-41

sues through the Gene Expression Profile Interac-42

tion Analysis (GEPIA) database (http://gepia.cancer-43

pku.cn/index.htm) [12]. GEPIA has data of 369 can-44

cer tissue samples from LIHC patients and 160 normal45

samples. The “single gene” module of GEPIA was used46

to analyze the mRNA expression of CMSS1 in can-47

cer tissues of LIHC patients and normal tissues. Multi-48

gene comparative analysis was then performed using49

the “Multi-gene comparison” module of GEPIA and50

the “LIHC” dataset. Kaplan-Meier curves were used to51

show disease-free survival (DFS) and overall survival52

(OS). Patients with LIHC were divided into high and53

low expression groups based on median transcripts from54

RNA-seq (TPM), and data were displayed by hazard55

ratio (HR) and 95% confidence.56

2.2. UALCAN analysis57

UALCAN (http://ualcan.path.uab.edu) has RNA se-58

quencing data of 31 different cancers and can be used to59

analyze the relationship between gene expression and 60

clinicopathological characteristics [13]. In this study, 61

we analyzed the clinicopathological characteristics of 62

CMSS1 and LIHC, including the relationship between 63

tumor stage, pathological grade, gender and TP53 muta- 64

tion status through the UALCAN platform, and the anal- 65

ysis process is as follows. During the analysis, we se- 66

lected “CMSS1” as the gene to be studied and “LIHC” 67

as the cancer type. 68

2.3. LinkedOmics analysis 69

LinkedOmics database (http://www.linkedomics.org 70

/login.php) is an online database of 32 cancers [14]. In 71

this analysis, we selected the RNAseq data of CMSS1 in 72

the “TCGA_LIHC” cohort, and Pearson correlation test 73

was used to analyze the expression correlation between 74

CMSS1 and other genes. In this study, genes that were 75

significantly associated with CMSS1 expression in the 76

LIHC cohort were analyzed using the LinkFinder mod- 77

ule. The results are shown in the volcano and heat maps. 78

GO [cell composition (CC), biological process (BP) 79

and molecular function (MF) analysis], KEGG signal- 80

ing pathway analysis, miRNA target enrichment and 81

transcription factor target enrichment were performed 82

for differentially associated genes using genomic en- 83

richment analysis (GSEA). 84

2.4. Relationship between CMSS1 and immune 85

infiltration microenvironment in LIHC 86

TIMER is an easy-to-use database for analyzing the 87

immune infiltration of various tumors [15]. We used 88

the TIMER algorithm to estimate the relationship of 89

CMSS1 with the immune microenvironment in LIHC. 90

The gene module was used to assess the relationship of 91

CMSS1 with the infiltration of six immune cells (CD4+ 92

T cells, CD8+ T cells, macrophages, B cells, dendritic 93

cells and neutrophils). 94

2.5. ProteinAtlas analysis 95

ProteinAtlas (https://www.proteinatlas.org/) is an 96

open access resource for human proteins that allows 97

querying the expression of proteins in various tissues 98

and cells, including immunohistochemical profiles of 99

protein expression in different tumor tissues and normal 100

tissues. Therefore, we analyzed CMSS1 expression at 101

the protein level in clinical tumor samples and normal 102

liver tissues in ProteinAtlas. After typing “CMSS1” in 103

the search box, we can see an overview of the gene and 104
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Fig. 1. The expression level of CMSS1 in LIHC and its influence on prognosis. (a) Box plot showing CMSS1 mRNA levels in LIHC and normal
tissue. (b) Violin diagram showed the expression of CMSS1 in different stages of LIHC. (c) Disease-free survival curve based on CMSS1 high and
low expression grouping. (d) Overall Survival Curve Based on CMSS1 High and Low Expression Grouping.

its detailed expression in ten sections, such as Tissue,105

Brain, Pathology, etc. If we click on one of the sections,106

such as Tissue, we can see its expression in various107

tissues of the human body, including normal liver tis-108

sue. Then, we clicked into one of the “PATHOLOGY”109

sections to see its expression in various cancer tissues110

of human body. Then, we clicked on “Liver Cancer” to111

see the IHC staining with different antibodies.112

2.6. Patient samples and qRT-PCR113

Twenty paired frozen hepatocellular carcinoma tis-114

sues and normal tissue samples were stored in a re-115

frigerator at negative eighty degrees. The experimen- 116

tal protocol was approved by the Ethics Committee of 117

Hainan General Hospital (NO.2022-274). We extracted 118

total RNA from hepatocellular carcinoma tissues and 119

normal tissues using the Universal RNA Extraction Kit 120

(TaKaRa, Kyoto, Japan), and examined the quantity 121

and quality of isolated RNA using a Nanodrop (Thermo 122

Fisher Scientific). A cDNA library was constructed us- 123

ing Prime-Script RT Master Mix Kit (TaKaRa). The 124

cDNA library was constructed using the Prime-Script 125

RT Master Mix Kit (TaKaRa). qRT-PCR was performed 126

using the SYBR Green Master Mix Kit (TaKaRa). β- 127

actin was used as a control. 128
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Fig. 2. Correlation of CMSS1 transcript levels with clinicopathological features in patients with LIHC. (a) The Box-plot showed the relative
expression of CMSS1 in normal and LIHC tissues. (b) The Box-plot showed the expression of CMSS1 in LIHC patients of different genders. (c)
The Box-plot showed the relative expression of CMSS1 in normal or LIHC tissues with different TP53 mutation status. (d) The Box-plot showed
the expression of CMSS1 in different stages of LIHC. (e) The Box-plot showed the relative expression of CMSS1 in LIHC tissues of different
histological grades. Data are mean ± SE. *, P < 0.05; **, P < 0.01; ***, P < 0.001.

2.7. Statistical analysis129

Differences between LIHC cancer tissues and normal130

tissues were analyzed by t-test, and correlations were131

analyzed by Spearman’s correlation coefficient. LIHC132

patients were divided into CMSS1-high and CMSS1-133

low groups using median TPM as the threshold. Kaplan-134

Meier curves were used to show the differences in DFS135

and OS. The log-rank test was used to compare the136

differences between groups. P < 0.05 was defined as a137

significant difference.138

3. Results139

3.1. Expression of CMSS1 in LIHC140

We investigated the correlation between the expres-141

sion level of CMSS1 and the clinicopathological char-142

acteristics of LIHC patients. Comparative analysis of143

369 liver cancer tissue and normal tissue samples from144

the GEPIA database revealed that the level of CMSS1145

mRNA was significantly higher in LIHC than in nor-146

mal tissues (Fig. 1a). The UALCAN database further147

validated that the expression level of CMSS1 was sig-148

nificantly higher in LIHC tissues than in normal liver149

tissues (Fig. 2a). These results strongly suggest that150

CMSS1 can be used as a diagnostic biomarker for hep-151

atocellular carcinoma. Subsequently, we also found that152

CMSS1 was closely associated with aggressive clini- 153

copathological features. Interestingly we observed that 154

CMSS1 was expressed significantly higher levels in 155

male LIHC patients than in female patients (Fib. 2b). 156

We found progressively higher and statistically differ- 157

ent expression levels of CMSS1 from stage I to stage III 158

(P < 0.001), where the sample size of stage IV was too 159

small to show this trend (Fig. 1b and Fig. 2d). We also 160

found that CMSS1 expression was also significantly 161

higher in LIHC tissues with high histological grade than 162

in patients with low histological grade (Fig. 2e). 163

Interestingly, we also found that CMSS1 expression 164

was significantly higher in TP53-mutated tumors than 165

in non-TP53-mutated LIHC (Fig. 2c). Finally, survival 166

analysis further confirmed that CMSS1 expression was 167

significantly associated with recurrence-free survival 168

(DFS, Fig. 1c) and overall survival (OS, Fig. 1d) of 169

patients. This suggests that CMSS1 can be used not 170

only as a biomarker for the diagnosis of LIHC, but also 171

as a biomarker for predicting the prognosis of LIHC. 172

3.2. GO and KEGG pathway analysis of genes related 173

to CMSS1 expression in LIHC 174

As shown in the volcano plot (Fig. 3a), CMSS1 175

was positively or negatively correlated with the expres- 176

sion of a large number of genes in LIHC with statisti- 177

cal differences. The heat map showed that the top 50 178

genes were positively and negatively correlated with 179
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Fig. 3. Differentially expressed genes related to CMSS1 in LIHC (C3orf26 is the alias of CMSS1 gene). (a) Pearson test to analyze the genes
associated with CMSS1 expression in LIHC (b, c) Heat maps shows the genes positively and negatively associated with CMSS1 in LIHC (top 50).
Red indicates positively correlated genes and green indicates negatively correlated genes. (d)The mRNA expression of CMSS1 in HCC tissues was
significantly higher than that in normal liver tissues.

CMSS1, respectively (Fig.3b and c). Among them,180

RRP9, NME1, FARSB, DSCC1 and RUVBL1 were181

the top 5 most significantly positively associated genes182

(Fig. 3c), while CYP4V2, FGD4, CNOT6L, SEC24B183

and MFSD8 were the top 5 most significantly nega-184

tively associated genes (Fig. 3b). Then we examined185

the expression of CMSS1 mRNA in 20 pairs of hep-186

atocellular carcinoma tissues and normal liver tissues187

adjacent to the carcinoma, and the results showed that188

the expression level of CMSS1 in the carcinoma tissues189

was significantly higher than that in the normal tissues190

(Fig. 3d). These results suggest that CMSS1 may have191

an extensive gene regulatory network.192

Biological process analysis suggested that the bio-193

logical functions of differentially expressed genes pos-194

itively correlated with CMSS1 were concentrated in195

the biogenesis of ribonucleoprotein complexes, rRNA 196

metabolism, ncRNA processing, translation initiation, 197

RNA localization and RNA catabolism (Fig. 4a). Anal- 198

ysis of cellular components reveals that differentially 199

expressed genes associated with CMSS1 play struc- 200

tural roles in the ribosome, cytoplasmic fraction, pre- 201

ribosome and spliceosome complexes (Fig. 4b). Molec- 202

ular function analysis showed that the biological func- 203

tions of differentially expressed genes that were pos- 204

itively correlated with CMSS1 were concentrated in 205

the structural components of ribosomes, RNA binding, 206

catalytic activity acting on RNA, and unfolded protein 207

binding. (Fig. 4c). KEGG analysis revealed that dif- 208

ferentially expressed genes positively correlated with 209

CMSS1 were significantly enriched in the ribosome, 210
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Table 1
CMSS1-related miRNAs and transcription factor-target networks in liver cancer (LinkedOmics)

Enriched category Gene set Leading-Edge-Num FDR
miRNA Target TGCACTT, MIR-519C, MIR-519B, MIR-519A 155 0

CTTTGCA, MIR-527 103 0
GGCACTT, MIR-519E 51 0
TAATGTG, MIR-323 62 0
GTGCAAT, MIR-25, MIR-32, MIR-92, MIR-363, MIR-367 123 0

Transcription Factor Target V$FREAC4_01 59 0
V$E2F1DP1_01 69 0.00017309
V$E2F1DP2_01 69 0.00017309
V$E2F4DP2_01 69 0.00017309
SGCGSSAAA_V$E2F1DP2_01 60 0.00023079

Fig. 4. GO annotation and KEGG pathway analysis of CMSS1 expression related genes in LIHC. (a) Biological processes; (b) Cellular components;
(c) Molecular function; (d) KEGG pathway analysis.

spliceosome, RNA transport, ribosome biogenesis and211

DNA replication pathways in eukaryotes (Fig. 4d).212

3.3. MiRNAs and transcription factors associated with213

CMSS1 expression in LIHC214

To further explore the regulatory network of CMSS1215

in LIHC, we identified some miRNAs and transcription216

factors that were statistically associated with CMSS1217

expression levels by GSEA analysis. The miRNAs that218

were most associated with CMSS1 were miR-519, miR-219

527, miR-323, miR-25, miR-32, miR-92, miR-363 and220

miR-367.The transcription factors most associated with221

CMSS1 expression in LIHC were FREAC4, E2F1DP1,222

E2F1DP2 and E2F4DP2. (Table 1).223

3.4. Correlation of CMSS1 with infiltrating immune 224

cells in LIHC 225

We comprehensively analyzed the association of 226

CMSS1 gene expression levels with infiltrating im- 227

mune cells (B cells, CD8+ T cells, CD4+ T cells, 228

macrophages, neutrophils, and dendritic cells) using 229

the TIMER database (Fig. 5). The results showed that 230

CMSS1 expression was associated with B cells (Cor = 231

0.125, P = 2e-02), CD4+ T cells (Cor = 0.151, P = 232

5.06e-03), CD8+ T cells (Cor = 0.159, P = 3.23e-03), 233

macrophages (Cor = 0.159, P = 3.23e-03), neutrophils 234

(Cor = 0.264, P = 6.35e-07), macrophages (Cor = 235

0.271, P = 3.70e-07) and dendritic cells (Cor = 0.231, 236

P = 1.74e-05). Subsequently, we used a multifacto- 237
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Table 2
Multifactorial analysis of the effect of CMSS1 and immune infiltrating cells on the survival of LIHC

Coef HR 95%CI_l 95%CI_u P value Sig
B_cell −7.282 0.001 0.000 0.515 0.031 *
CD8_Tcell −5.328 0.005 0.000 0.797 0.041 *
CD4_Tcell −3.468 0.031 0.000 14.262 0.267
Macrophage 4.023 55.862 0.425 7336.081 0.106
Neutrophil 1.063 2.896 0.000 148763.156 0.848
Dendritic 4.322 75.352 2.407 2358.977 0.014 *
CMSS1 0.571 1.771 1.331 2.356 0.000 ***

Fig. 5. Correlation of CMSS1 with six major types of infiltrating immune cells in LIHC.

rial analysis of the effects of CMSS1 and immune in-238

filtrating cells on the survival of LIHC and found that239

CMSS1 was an independent influencing factor on the240

OS of LIHC patients (Table 2).241

3.5. Protein atlas242

From the figure, we can see that CMSS1 is mainly243

expressed in the nucleus, showing moderate inten-244

sity staining, while there is basically no expression of245

CMSS1 in normal hepatocytes (Fig. 6).246

4. Discussion247

LIHC is one of the common malignant tumors. Al-248

though it has been improved to some extent, the prog- 249

nosis of LIHC is still not optimistic. Early diagnosis 250

and early treatment are the key to further improve the 251

prognosis of these patients [16,17]. At present, identi- 252

fying more biomarkers is one of the important strate- 253

gies to achieve early diagnosis and early treatment. 254

RNA-binding protein (RBP) is a key regulator of post- 255

transcriptional gene expression, and it is a protein that 256

can bind to RNA [18]. Many RBPs have been reported 257

to play an important role in promoting cancer develop- 258

ment [19–23]. CMSS1 is an RBP, and whether CMSS1 259

has a regulatory role in liver cancer is unknown. To 260

clarify the diagnostic and prognostic role of CMSS1 261

in LIHC, we performed a bioinformatic analysis of the 262

impact of CMSS1 on the clinicopathological features 263
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Fig. 6. Immunohistochemistry suggested that the expression of
CMSS1 was higher in LIHC tissues than in normal tissues.

and prognosis of LIHC in public sequencing databases,264

and explored the relevance of CMSS1 in LIHC.265

We first explored the differences in CMSS1 expres-266

sion in LIHC cancer tissues and normal tissues. The267

results suggested that the expression level of CMSS1268

mRNA in LIHC was significantly higher in cancer tis-269

sues than in normal tissues. This suggested that CMSS1270

may be a biomarker for the diagnosis of LIHC. In ad-271

dition, CMSS1 has been found to correlate with clin-272

ical or pathological features of LIHC. First, CMSS1273

was associated with clinical stage, with higher levels of274

CMSS1 expression at more advanced clinical stages. In-275

terestingly, we also found that the expression of CMSS1276

was significantly higher in TP53-mutated LIHC than277

in non-TP53-mutated LIHC. TP53, a tumor suppressor278

gene, has been reported to be one of the most frequently279

mutated genes in hepatocellular carcinoma [24]. TP53280

mutants are reported to be involved in regulating cell281

cycle arrest, apoptosis, stem cell-like traits, senescence282

and DNA repair in LIHC [25,26]. In addition, patients283

with LIHC with TP53 mutations have a shorter over-284

all survival time compared to patients with TP53 wild285

type [26]. Therefore, it is likely that CMSS1 exerts its286

role in regulating LIHC through the TP53 signaling287

pathway, but the molecular mechanisms involved need288

to be further elucidated. Finally, we found that the ex-289

pression level of CMSS1 was significantly associated290

with both relapse-free survival and overall survival of291

patients. This suggests that CMSS1 can be used not only 292

as a molecular marker for the diagnosis of LIHC, but 293

also as a molecular marker for predicting the prognosis 294

of LIHC. 295

Gene enrichment analysis showed that CMSS1 was 296

mainly involved in ribonucleoprotein complex biogen- 297

esis, rRNA metabolism, ncRNA processing, translation 298

initiation, RNA localization, and RNA catabolism. This 299

is consistent with the role of CMSS1 as an RNA-binding 300

protein. Thenčňwe performed enrichment analysis of 301

CMSS1 using GSEA and obtained several miRNAs and 302

transcription factors significantly associated with it. We 303

found that CMSS1 in LIHC is associated with tran- 304

scription factors including E2F1 and E2F4. The E2F 305

family plays a critical role in controlling cell cycle and 306

tumor suppressor proteins that mediate cell prolifer- 307

ation and p53-dependent/independent apoptosis [27]. 308

This also suggests that CMSS1 may be associated with 309

the value-added or apoptosis of LIHC. 310

It has been reported that miRNAs are associated with 311

tumor proliferation, apoptosis, migration, invasive re- 312

currence, and metastasis [28,29]. These miRNAs can 313

affect the post-transcriptional regulation of gene ex- 314

pression, which in turn affects tumor progression. We 315

therefore analyzed the miRNAs associated with CMSS1 316

expression. as a result, we identified several miRNAs 317

associated with CMSS1 expression, such as miR-519, 318

miR-527, and miR-25. Indeed, MIR-519, MIR-527 and 319

miR-25 could be used as diagnostic and prognostic 320

markers of malignancy. 321

Our study inevitably has some limitations. First, our 322

results were highly dependent on bioinformatic analy- 323

sis, but the database provided less information on pa- 324

tient treatment, so we were unable to explore whether 325

CMSS1 expression levels had an impact on treatment 326

response in patients with LIHC. Second, although our 327

results suggest that CMSS1 may be a potential diagnos- 328

tic and prognostic marker for hepatocellular carcinoma. 329

We did not perform in vivo and in vitro studies to verify 330

whether CMSS1 is a true oncogenic gene. The results 331

of this study still need to be validated by extensive ex- 332

periments. Third, the present study did not perform in 333

vivo and in vitro studies to clarify the specific mecha- 334

nism of CMSS1 in LIHC, and more studies are needed 335

to further explore the mechanism of CMSS1. Fourth, 336

this study only found upregulated CMSS1 in hepato- 337

cellular carcinoma tissues, but did not examine whether 338

altered levels of the gene were also present in the blood. 339

We attempted to explore the sequencing data of blood 340

mRNAs from hepatocellular carcinoma patients in the 341

GEO database, but unfortunately did not find data that 342
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could be used to analyze blood mRNA-related data.343

It is expected that future studies will further explore344

the expression level of CMSS1 in liver cancer blood.345

Fifth, more research is indeed needed to further clarify346

whether CMSS1 can be a biomarker. The present study347

is only a preliminary indication that CMSS1 could be a348

potential molecular marker.349

In conclusion, the present study suggests that CMSS1350

is a potential molecular marker for the diagnosis and351

prognostic determination of LIHC. Meanwhile, our re-352

sults suggest that CMSS1 is associated with the compo-353

sition of the immune microenvironment of LIHC. How-354

ever, the present study was based on the results of bioin-355

formatic analysis, and more in vivo and in vitro exper-356

imental studies are needed to validate it subsequently,357

which will further elucidate the regulatory mechanism358

of CMSS1 in LIHC.359
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