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20 Abstract
21 Background. Transmembrane and ubiquitin-like domain-containing protein 1 (TMUB1) is
22 overexpressed in a large number of liver and esophageal tumors. However, only a fewreports
23 on the clinical significance of TMUB1 in colorectal cancer (CRC) exist.
24 Methods. Here, we evaluated the clinical significance and potential biological role ofTMUB1
25 using bioinformatics analysis. Univariate and multivariate analyses were performed to
26 evaluate the relationship of TMUB1 with clinicopathological features. Gene set enrichment
27 analysis (GSEA) was performed to identify the biological function of TMUB1, while any
28 associations between the expression of TMUB1 and the infiltration of 24 immune cellswere
29 analyzed using imple-sample GSEA.
30 Results. TMUB1 was significantly overexpressed in CRC tissues compared withnormal
31 controls. High expression of TMUB1 in CRC was associated with T stage, neotype,and
32 residual tumor. Moreover, TMUB1 was identified as an independent factor of poor disease-
33 free survival (DFS) and short overall survival (OS). GSEA demonstrated that TMUB1was
34 related to hypoxia, angiogenesis, adipogenesis, inflammatory response, IL6-JAK-STAT3
35 signaling, apoptosis, mitotic spindle, and IL2-STAT5 signaling. The expression of TMUB1
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36 negatively correlated with the abundance of T helper cells, Tcm cells, macrophages, andTh2
37 cells, whereas it positively correlated with the abundance of several immune cell types,
38 including CD56bright and CD56dim NK cells.
39 Conclusions. TMUB1 may be a potential diagnostic and prognosis biomarker for colorectal
40 cancer.
41

42 Introduction
43 Colorectal cancer (CRC) is the third most common type of cancer and the fourth mostdeadly
44 cancer worldwide (Dekker et al. 2019). The incidence of colorectal cancer has been on a rise
45 in patients younger than 50 y old, with many patients being diagnosed at the advancedstages
46 of the disease, thereby losing the opportunity for surgery. Early detection, interventions,and
47 improved treatments are important to reduce morbidity and mortality associated withCRC
48 (Thanikachalam and Khan 2019). The pathogenic mechanisms underlying CRC include
49 chromosomal instability (CIN), microsatellite instability (MSI), and the CpG island
50 methylator phenotype (CIMP) (Marmol et al. 2017). These alterations can be measured and
51 used as biomarkers. Although some biomarkers are used for diagnosis, consistent and
52 sensitivity biomarkers are still lacking (Coghlin and Murray 2015). Hence, searching fornew,
53 specific, and sensitive molecule biomarkers is required to improve prediction, diagnosis,
54 prognosis, and therapy in CRC.
55 Abnormal proliferation may occur may cause tumorigenesis. Transmembrane andubiquitin-
56 like domain-containing protein 1 (TMUB1), first reported in 2005, is significantly increased
57 during liver regeneration (Della Fazia et al. 2005). In particular, TMUB1 is overexpressed ina
58 high number of human tumors. Overexpression of TMUB1 in tumor cell lines was shownto
59 strongly reduce proliferation by arresting the cell cycle in G0/G1 (Della-Fazia et al.2020).
60 TMUB1 is an ubiquitin-like protein shuttling between the cytoplasm and the nucleus.Many
61 investigations showed TMUB1 not only controls proliferation, but also play an impotant role
62 in apoptosis, cycle regulation, and genomic stability (Castelli et al. 2014). However, the
63 expression of TMUB1 and its potential prognostic impact on colorectal cancer (CRC) hasnot
64 yet been explored.
65 In this study, we evaluated the differential expression of TMUB1 between specimens from
66 patients with CRC and normal tissues, performed correlation analysis between theTMUB1
67 expression and clinicopathological factors to assess the prognostic role of TMUB1, and
68 identified relevant pathways and immune cell types associated with the high level ofexpression
69 of TMUB1 observed in tumor samples from patients with colorectal cancer.
70 Materials & Methods
71 RNA-sequencing data and clinic information analysis from TCGAdata



72 Gene expression data (level 3 HTSeq-FPKM) and clinical information were collected froma
73 total of 619 cases of CRC and rectal cancer fromTCGA（(https://portal.gdc.cancer.gov/)）.
74 Exclusion criteria included samples without clinical information. The HTSeq-FPKM(Fregments
75 Per Kilobase per Million) data were converted to TPM (transcripts per million reads)data for
76 subsequent analysis. According to median value of TMUB1 expression, tumor sampleswere
77 divided into high- and low-expression groups. All data used in the study were inaccordance
78 with publication guidelines stated by TCGA
79 (http://cancergenome.nih.gov/publicaionguidelines). Characteristics of patients, including
80 gender, race, TNM stage, and tumor location were recorded and are listed in Table 1. The
81 expression of TMUB1 in paired tumor and adjacent samples and nonpaired sampleswas
82 analyzed using the Wilcoxon signed rank test and Wilcoxon rank sum testpai, respectively.
83

84 Survival analysis
85 The Kaplan-Meier (KM) Plotter (http://kmplot.com) was used to calculate
86 the overall survival (OS) and disease-free survival (DFS) to analyze the prognosis ofpatients
87 with tumors. Univariate and multivariate Cox regression analyses were used to compare the
88 prognostic value of the TMUB1 expression and other clinical features as definite factors.
89

90 Gene set enrichment analysis
91 We performed GSEA using the R package clusterProfiler (3.8.0) (Yu et al. 2012) topredict
92 differential pathways and significant functions between high- and low-expressiongroups.
93 Each analysis was based on 1,000-times gene set permutations. The expression level of
94 TMUB1 was used as a phenotype label. The pathways enriched in each phenotypewere
95 analyzed based on the adjusted P-value of less than 0.05, FDRq-value of less than 0.25, and
96 normalized enrichment score of more than 1 in the enrichment of the MSigDBCollection
97 (h.all.v7.0.symbols.gmt [Hallmarks]).
98

99 Immune cell characteristics analyzed by ssGSEA
100 Simple-sample GSEA (ssGSEA) was performed using the GSVA package (Bindea et al. 2013)
101 in R (3.6.3) to analyze the infiltration of 24 types of tumor-infiltrating immune cells inCRC
102 tissue samples. We quantified the relative score of each immunocyte from the gene
103 expression profile of each sample. Wilcoxon rank sum test was performed to analyze the
104 infiltration of immune cells between low- and high-expression TMUB1 groups, while
105 Spearman correlation was used to analyze the correlation between TMUB1 expression and
106 these immune cells.
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107107

108 Results
109 TMUB1 Overexpression in patients with colorectal cancer
110 Analysis using the Wilcoxon rank sum test revealed that the expression level of TMUB1 in
111 619 tumor tissues was higher than that in 51 normal tissues (P< 0.001; Fig. 1A). Likewise,
112 using the Wilcoxon signed rank test we observed that the expression of TMUB1was
113 significantly higher in 50 tumor tissues than that in the 50 paired normal tissues in the
114 TCGA cohort (P< 0.001, Fig. 1B). Both results showed a significant overexpression of
115 TMUB1 in patients with CRC. We further noticed that the ROC curves of the TMUB1
116 expression showed that the status of the TMUB1 expression could be serve as a biomarker for
117 CRC, (AUC: 0.864) in the TCGA dataset (Fig. 1C)
118118

119 Association between TMUB1 expression and clinicopathological variables
120 We detected a significant difference between TMUB1 overexpression and T stage (P<0.001),
121 pathologic stage, and residual tumor when the Kruskal-Wallis rank sum test was used (Fig. 2).
122 We also analyzed the relationship between clinicopathological features of CRC andTMUB1
123 TPM values using the logistics regression method and found that TMUB1 significantly
124 correlated with T stage (OR = 0.63, 95 % CI: 0.42-0.94, P= 0.017) and residual tumor (OR=
125 2.35, 95 % CI: 1.20-4.88, P= 0.016) (Table 3).
126

127 High TMUB1 expression associated with adverse outcomes in Colorectal Cancer
128 KM analysis revealed that the TMUB1 overexpression significantly correlated with shorter
129 OS (HR = 1.73, 95 % CI: 1.22-2.47, P= 0.002), and poorer disease-specific survival (DFS) (HR:
130 2.00, 95 % CI: 1.26-3.17, P= 0.003) (Fig. 3).
131

132 More specifically, univariate analysis revealed that TMUB1 expression (HR: 1.73, 95 %CI:
133 1.216-2.473, P=0.002) significantly associated with a poor OS. We found that other
134 clinicopathological variables associated with poor OS included T stage, N stage, M stage,
135 pathologic stage, age, residual tumor,and CEA level . Using multivariate analysis weobserved
136 that TMUB1 (HR: 2.077, 95 % CI: 1.101-3.921, P= 0.024) remained independentlyassociated
137 with OS along with pathologic stage (HR: 7.127, 95 % CI: 1.529-33.227, P= 0.012), andage
138 (HR: 2.886, 95 % CI: 1.389-5.996, P= 0.005) (Table 4).
139

140 Similarly, univariate analysis revealed that TMUB1 expression (HR: 2.003, 95 % CI: 1.264-
141 3.174, P= 0.003) significantly associated with a poor DFS. We also observed thatother



142 clinicopathological variables associated with poor DFS included T stage, N stage, Mstage,
143 race, residual tumor CEA level, and pathologic stage. Using multivariate analysis, wefound
144 that TMUB1 expression (HR: 2.538, 95 % CI: 1.204-5.350, P= 0.014) remained
145 independently associated with DFS along with M stage (HR: 4.5402.538, 95 % CI: 1.574-
146 13.096, P= 0.005) (Table 5).
147

148 GSEA identified TMUB1-related signaling pathways
149 We conducted GSEA between the datasets of low and high TMUB1 expression to identify
150 differentially activated signaling pathways in CRC (Fig. 4). Accordingly, GSEA showed that
151 many key signaling pathways, such as hypoxia, inflammatory response, angiogenesis,
152 adipogenesis, IL6-JAK-STAT3 signaling, apoptosis, mitotic spindle, and IL2-STAT5 signaling
153 were differentially enriched in the TMUB1 high-expression phenotype.
154154

155 Association between TMUB1 expression and immune infiltration
156 Using the ssGSEA, we found that the TMUB1 expression negatively correlated with the
157 abundance of several immune cell types, including T helper cells (r= -0.451, P< 0.001),Tcm
158 cells (r= 0.-413,P< 0.001), macrophages (r= -0.250,P< 0.001), and Th2 cells (r= -0.234,P<
159 0.001), whereas it positively correlated with the abundance of several immune cell types,
160 including CD56bright (r= -0.230, P< 0.001) and CD56dim NK cells (r= -0.223,P< 0.001)
161 (Fig. 5).
162

163 Discussion
164 TMUB1, as an ubiquitin-like transmembrane protein shuttling from nucleus to cytoplasm, plays
165 a significant role in controlling proliferation and genomic stability (Della-Fazia et al. 2020).
166 Moreover, TMUB1 is overexpressed in a large number of CNS, liver, and esophageal tumors. To
167 the best of our knowledge, the TMUB1 expression, and its potential prognostic impact on CRC
168 has not yet been explored. Thus, the potential role of TMUB1 in CRC was the focus of the
169 present study.
170 Bioinformatic analysis of high throughput RNA-sequencing data from TCGAdemonstrated
171 that TMUB1 overexpression in CRC was associated with T stage, residual tumor, andpoor
172 prognosis, suggesting that TMUB1 may serve as a potential diagnostic and prognosticmarker
173 in CRC.
174 However, TMUB1 was demonstrated to be negatively correlated with HCCpathological
175 malignancy (Chen et al. 2019) as low expression of TMUB1 correlated with poor prognosis in
176 patients with HCC. This discrepancy may be attributed to TMUB1 playing different roles in



177 different tissues. To this end, any TMUB1-specific functions in specific tissues shouldbe
178 explored.
179 Enrichment analysis of target gene sets using GSEA revealed some important networksof
180 transcription factors and target kinases. More specifically, using GSEA, we observed that the
181 TMUB1 overexpression was associated with hypoxia, inflammatory response, angiogenesis,
182 adipogenesis, IL6-JAK-STAT3 signaling, apoptosis, mitotic spindle, and IL2-STAT5 signaling.
183 Collectively, these results suggested that TMUB1 may play a key role in themolecular
184 mechanism underlying CRC tumorigenesis. Further, these findings were consistent with the
185 fact that hypoxia and inflammation are typical characteristics of cancer (D'Ignazio, Batieand
186 Rocha 2017). The vasculature is an important microenvironmental component and a
187 potential therapeutic target of CRC (Andreuzzi et al. 2020). Abdominal visceral fat is awell-
188 recognized risk factor for CRC and fat as a dietary risk factor has also been associated withan
189 increased risk for CRC (Ocvirk et al. 2019). In priming liver regeneration, the increasedlevel
190 of interleukin 6 (IL-6) was shown to upregulate TMUB1 expression (Liu et al. 2012, Liu etal.
191 2014), with TMUB1 regulating hepatocyte proliferation via STAT3 pathway (Fu et al. 2019).
192 Moreover, TMUB1 exerts a regulator effect in stabilizing p53 and directing p53
193 mitochondrial apoptosis and cytoplasmic localization (Hafner et al. 2019, Li et al. 2012).
194 TMUB1 is a main regulator of protein stability in the cell cycle. For instance, during theS
195 phase of centrosome duplication, TMUB1 localized in the gap between centrosomes. The
196 presence of two centrosomes during mitosis is critical for the formation of the bipolarmitotic
197 spindles. Accordingly, knocking down TMUB1 led to abnormal spindle formation in cells,
198 with TMUB1-silenced cells showing a high degree of centrosome amplification during
199 mitosis, associated with multinucleated cells and multipolar spindles [18]. However, the
200 association between the TMUB1 expression and IL2-STAT5 signaling was first the first time,
201 and the regulatory mechanism underlying this association needs to be further elucidated.
202 In the tumor microenvironment, cancer cells and immune cells exert their effects byeither
203 promoting or repressing anticancer immunity. For instance, densities of T follicularhelper
204 (Tfh) cells increase along with tumor progression(Bindea et al. 2013). In our study, the
205 TMUB1 expression negatively correlated with the abundance of T helper cells, Tcmcells,
206 macrophages, and Th2 cells, whereas it positively correlated with the abundance of several
207 immune cell types, including CD56bright and CD56dim NK cells. Hence, the correlation
208 between immune cells and TMUB1 suggested that TMUB1 plays a complex role inregulating
209 cancer immunity because of the various roles it plays in immune cells.
210 The correlation between TMUB1 and CRC should be verified using both cell-based
211 experiments and clinical samples. As the prediction of protein expression usingmRNA



212 expression levels was far from perfect, the correlation between the mRNA andprotein
213 expression of TMUB1 is required in further studies. In addition, wet lab work on the
214 mechanisms underlying the TMUB1 functions are required to avoid missing any important
215 signaling pathways explaining the mechanism of TMUB1 function in CRC.
216

217 Conclusions
218 In conclusion, the TMUB1 expression may be a potential diagnostic and prognostic
219 molecular marker of poor survival in CRC. Moreover, IL6-JAK-STAT3 signaling, apoptosis,
220 angiogenesis, adipogenesis, IL2-STAT5 signaling, inflammatory response, and TNFA
221 signaling via NF-KB may be among the key pathways regulated by TMUB1 in CRC.Further
222 experimental validation is required to exhibit verify the biological impact of TMUB1.
223
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273 Figure legends
274 FIG. 1: (A) Expression level of TMUB1 in paired tumor and adjacent normal samples
275 analyzed using the Wilcoxon rank sum test. (B) Expression level of TMUB1 in paired tumor
276 and normal samples analyzed using the Wilcoxon signed rank test. (C) Receiver operating
277 characteristic (ROC) curves of the expression of TMUB1 in the TCGA.
278 FPR: False Positive Rate, TPR: True Positive Rate
279 FIG. 2: Association between the expression level of TMUB1 and clinicopathological
280 characteristics in patients with colorectal cancer. A: pathologic stage, B: T stage, C: residual
281 tumor
282 FIG. 3: Impact of the TMUB1 expression on overall survival and disease specific survival in
283 patients with colorectal cancer.
284 FIG. 4: Enrichment plot from GSEA showing several pathways differentially enriched in
285 TMUB1-related colorectal cancer, including hypoxia, inflammatory response, angiogenesis,
286 adipogenesis, IL6-JAK-STAT3 signaling, apoptosis, mitotic spindle, and IL2-STAT5 signaling.
287 ES, enrichment score; NES, normalized ES; ADJ P-val, adjustedP-value
288 FIG. 5: (A) Expression level of TMUB1 associated with immune infiltration in the tumor
289 microenvironment. The size of dots represents the absolute value of Spearman’sr.(B)
290 Correlation between the relative enrichment score of the expression level of TMUB1and
291 cells.
292292

293 Tables
294 TABLE 1: Characteristics of patients with colorectal cancer based on TCGA.
295 TABLE 2: Association between the expression of TMUB1 and clinicopathological features.
296 TABLE 3: Expression of TMUB1 associated with clinicopathological characteristics (logistic
297 regression).
298 TABLE 4: Survival outcomes and multivariate analysis of TCGA data.
299 (A) Association with overall survival and clinicopathological characteristics in patientswith
300 colorectal cancer using Cox regression. (B) Multivariate survival model after selection of
301 variables.
302 TABLE 5: Disease specific survival and multivariate analysis of TCGA data.
303 (A) Association with disease specific survival and clinicopathological characteristics in
304 patients with colorectal cancer using Cox regression. (B) Multivariate survival model after
305 selection of variables.
306306



Figures

Figure 1

(A) Expression level of TMUB1 in paired tumor and adjacent normal samples analyzed using the
Wilcoxon rank sum test. (B) Expression level of TMUB1 in paired tumor and normal samples analyzed
using the Wilcoxon signed rank test. (C) Receiver operating characteristic (ROC) curves of the expression
of TMUB1 in the TCGA. FPR: False Positive Rate, TPR: True Positive Rate

Figure 2

Association between the expression level of TMUB1 and clinicopathological characteristics in patients
with colorectal cancer. A: pathologic stage, B: T stage, C: residual tumor

Figure 3

Impact of the TMUB1 expression on overall survival and disease speci�c survival in patients with
colorectal cancer.

Figure 4

Enrichment plot from GSEA showing several pathways differentially enriched in TMUB1-related colorectal
cancer, including hypoxia, in�ammatory response, angiogenesis, adipogenesis, IL6-JAK-STAT3 signaling,
apoptosis, mitotic spindle, and IL2-STAT5 signaling. ES, enrichment score; NES, normalized ES; ADJ P-val,
adjustedP-value

Figure 5

(A) Expression level of TMUB1 associated with immune in�ltration in the tumor microenvironment. The
size of dots represents the absolute value of Spearman’sr.(B) Correlation between the relative enrichment
score of the expression level of TMUB1 and cells.
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