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Abstract: CIQBP (Complement Component 1 Q Subcomponent-Binding Protein), a
multicompartmental protein, participates in various cellular processes, including mRNA splicing,
ribosome biogenesis, protein synthesis in mitochondria, apoptosis, transcriptional regulation, and
infection processes of viruses. The correlation of CIQBP expression with patient survival and
molecular function of CIQBP in relation to cancer progression has not been comprehensively studied.
Therefore, we sought to systematically investigate the expression of CIQBP to evaluate the change
of C1QBP expression and the relationship with patient survival and affected pathways in breast,
lung, colon, and bladder cancers as well as lymphoma. Relative expression levels of CIQBP were
analyzed using the Oncomine, Gene Expression Across Normal and Tumor Tissue (GENT), and
The Cancer Genome Atlas (TCGA) databases. Mutations and copy number alterations in C1QBP
were also analyzed using cBioPortal, and subsequently, the relationship between C1QBP expression
and survival probability of cancer patients was explored using the PrognoScan database and the R2:
Kaplan Meier Scanner. Additionally, the relative expression of CIQBP in other cancers, and correlation
of C1QBP expression with patient survival were investigated. Gene ontology and pathway analysis
of commonly differentially coexpressed genes with CIQBP in breast, lung, colon, and bladder cancers
as well as lymphoma revealed the C1QBP-correlated pathways in these cancers. This data-driven
study demonstrates the correlation of CIQBP expression with patient survival and identifies possible
CI1QBP-involved pathways, which may serve as targets of a novel therapeutic modality for various
human cancers.

Keywords: CIQBP; cancer; patient survival; clinical outcomes; cancer progression;
multiomics analysis

1. Introduction

Cancer is one of the leading causes of death, and also an increasing threat to human health
worldwide [1,2]. A total of 17.5 million new cancer cases and 8.7 million cancer deaths were estimated
in 2015 [2]. In addition, the number of incident cases of cancer is increasing due to population growth,
an aging population, and increasing age-specific incident rates [2]. Many efforts in cancer prevention,
early diagnosis, and curation have been invested to reduce the cancer burden. Accumulation of gene
alterations is crucial to oncogenesis and closely related to the prognosis of cancer patients. Identification
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of differentially expressed genes that are associated with survival in cancer patients can be utilized as
diagnostic markers for early diagnosis of cancers. Moreover, an understanding of the mechanism of
the altered expression of these genes will enable them to be exploited as therapeutic targets.

C1QBP (Complement Component 1 Q Subcomponent-Binding Protein) is a multifunctional acidic
protein, distributed among multiple organelles including mitochondria, cell surface, cytosol, and
nucleus [3-7]. C1QBP is found to have the highest expression in the mitochondria, where it is thought
to have a role in protein synthesis [8]. It may be involved in the ribosome maturation process and RNA
splicing [9,10]. On the cell surface, CIQBP functions as a receptor of multiple ligands including C1q,
high molecular weight kininogen, and coagulation factor XII, which are involved in inflammation and
innate immunity [3,11-15]. In the nucleus, CIQBP forms complexes with some transcription factors
and modulates transcriptional activities by interacting with the transcription factors [16-18]. CIQBP is
also involved in the pathogenesis of infectious microbes by binding to the carbohydrates or proteins of
bacteria or viruses [19-23].

CI1QBP may play oncogenic roles in various cancers. Higher expression of CIQBP has been related
to poorer clinical outcomes in breast [24,25], ovarian [26], endometrial [27], and cervical [28] cancers.
Expression of CI1QBP is also associated with proliferation and metastasis in breast cancer cells [29,30].
Moreover, ectopic expression of CIQBP enhances metastasis in melanoma cells [31]. Knockdown of
CIQBP reduces lamellipodia formation and cancer metastasis in lung carcinoma cells [32]. In contrast,
overexpression of CIQBP represses metastasis of renal carcinoma cells [33]. These findings suggest
that C1QBP plays important roles in the progression of multiple cancers.

To investigate the expression of C1QBP and evaluate the possible prognostic value of C1QBP for
targeting various cancers, we systematically analyzed the CIQBP expression and its clinical outcomes in
certain cancers with numerous expression and patient survival datasets, available in various recognized
online platforms. We also investigated the genes usually co-altered with C1QBP with respect to the
five cancer types with high CIQBP expression. Thus, these analyses might reveal the value of CIQBP
expression for patient survival and provide a realization of the possible underlying mechanism of
human cancers, which might bear a potential implication in C1QBP-targeted cancer therapy.

2. Experimental Section

2.1. Oncomine Database Analysis

The mRNA expression level of CIQBP in various cancer tissues and their normal cell counterparts
was obtained from the Oncomine database version 4.5 (Thermo Fisher Scientific Inc., Ann Arbor, MI,
USA) (https://www.oncomine.org/resource/login.html) [34,35]. The fold-change of mRNA expression
in cancers compared to that in their normal counterparts was calculated. The statistical significance
of differences was determined by p-value, generated by Student’s t-test with threshold <1E—4. The
results are listed in Tables S1, S3, S5, and S7.

2.2. Analysis Using the Gene Expression Across Normal and Tumor Tissue (GENT) Database and UALCAN

C10QBP mRNA expression in various types of cancer and normal counterparts was examined
in the GENT database (Korea Research Institute of Bioscience and Biotechnology, Daejeon,
Korea) (http://medical-genome.kribb.re.kr/GENT/) [36], the UALCAN (Preston, Lancashire, UK)
(http://ualcan.path.uab.edu/index.html) [37], the gene expression profiling interactive analysis
(GEPIA) (Beijing, China) (http://gepia.cancer-pku.cn/) [38] and TCGA Wanderer (Badalona, Spain)
(http://maplab.imppc.org/wanderer/) [39]. The query with CIQBP was carry out in default setting
to obtain their respective expression pattern derived from the datasets profiled by Affymetrix
U133A (GENT database) and The Cancer Genome Atlas (TCGA) datasets (ULCAN, GEPIA, and
TCGA wanderer).
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2.3. cBioPortal Database Analysis

We carried out the altered expression analysis of CIQBP in various cancers using the cBioPortal
database version 2.2.0 (Center for Molecular Oncology at MSK, New York, NY, USA) (http://www.
cbioportal.org/) [40,41], an open access web-based resource, currently providing data from 225 cancer
studies in TCGA pipeline. Altered frequencies of mRNA expression were estimated by subtypes of
each cancer from TCGA PanCanAtlas dataset. Somatic copy number alterations within the portal
are generated by the GISTIC (Genomic Identification of Significant Targets in Cancer) algorithm.
Expression of C1QBP was examined by each alteration status (deep deletion, shallow deletion, diploid,
gain, and amplification) and plotted. Statistical analysis was performed by ANOVA and unpaired
t-test using GraphPad 7 software (GraphPad Software, Inc., San Diego, CA, USA).

2.4. SurvExpress Biomarker Validation Tool

Expression of CIQBP in high and low risk groups, derived from 502 patient samples in TCGA
dataset, was evaluated by SurvExpress biomarker validation tool version 2.0 (Monterrey, Nuevo Leon,
Mexico) (http://bioinformatica.mty.itesm.mx:8080/Biomatec/SurvivaX.jsp) [42]. The prognostic index of
each sample was estimated by Cox survival analysis. A total of 251 patient samples that had a higher
prognostic index than the other 251 samples were classified as the high-risk group; the other half of the
samples was classified as the low-risk group. C1QBP expression of each risk group was graphed into
box plots.

2.5. PrognoScan Database Analysis

The relation between the expression of CIQBP and patient prognosis in various types of cancers
was investigated using the PrognoScan database (Chio, Tokyo, Japan) (http://dna00.bio.kyutech.ac.
jp/PrognoScan/). The statistical significance was determined with threshold of a Cox p-value < 0.05.
The results are summarized in Tables S2, S4, S6, and S8.

2.6. R2: Kaplan Meier Scanner

The R2: Genomics Analysis and Visualization Platform version 3.2.0 (http://r2.amc.nl) is a
web-based genomics analysis tool developed by Jan Koster at the Academic Medical Center, Amsterdam
(the Netherlands). We carried out survival analysis of cancer patients with the R2: Kaplan Meier
Scanner by CIQBP gene expression. A cutoff between high expression and low expression groups was
selected, where p-values obtained from the log-rank test were minimized.

2.7. Finding Coexpressed Genes of C1QBP and Its Pathway Analysis

Positively and negatively coexpressed genes of CIQBP were explored in TCGA dataset of five
different cancers (breast, colon, lung, bladder cancers, and lymphoma), using the R2: Genomics Analysis
and Visualization Platform version 3.2.0 (Academic Medical Center, Amsterdam, The Netherlands)
(https://hgserverl.amc.nl/), with the adjustment of Bonferroni test and cutoff p-value was selected as
<0.01. Thereafter, the common gene set was explored by drawing Venn diagrams, using coexpressed
genes from five different cancers.

To explore pathways and gene ontology shared by C1QBP-correlated genes, we used Reactome
analysis tool version 67.0 (Hinxton, Cambridge, UK) (https://reactome.org/) [43] and GOTermFinder
functional annotation tool version 1.0 (Princeton, NJ, USA) (https://go.princeton.edu/cgi-bin/
GOTermFinder) [44] and subsequently classified them based on their KEGG (Kyoto Encyclopedia of
Genes and Genomes) pathway.
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3. Results

3.1. C1QBP Expression in Various Cancers

To examine the differential expression level of CIQBP in various cancers and their counterparts,
we utilized the Oncomine and GENT databases. In the Oncomine database, we queried with “C1QBP”
using the default threshold parameters: p-value of 1le—4, fold change of 2, and gene ranking of 10%.
Compared to the expression level in the normal counterpart, expression of C1QBP was upregulated in
bladder, brain and central nervous system (CNS), colorectal, gastric, head and neck and kidney cancers,
as well as lymphoma, myeloma, and some other cancers (Figure 1a). There was no downregulated
expression of CIQBP in all types of cancers in this analysis. GENT provides the respective expression
data over various kinds of cancers and their normal counterparts based on the microarray data profiled
by Affymetrix platforms. In databases using U133 platform, CIQBP expression is upregulated in certain
cancer types including bladder, breast, colon, lung, prostate, stomach, and testis cancers (Figure 1b).
The average expression of CIQBP was higher in cancer tissues than in the normal tissues in the analysis
using the GENT database. Analysis with the Oncomine and GENT databases showed that expression
of C1QBP was apparently augmented in multiple cancers including the most common breast, lung,
and colon cancers. Therefore, we chose breast, lung, and colon cancers; in addition, bladder cancers
and lymphoma were chosen among the other cancers in which CIQBP expression was higher than in
normal tissue for further systematic expression and prognosis analysis.
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Figure 1. Transcription levels of CIQBP (Complement Component 1 Q Subcomponent-Binding Protein)
in different types of cancer using the Oncomine and Gene Expression Across Normal and Tumor
Tissue (GENT) databases. (a) This graphic was generated from the Oncomine database (available at
https://www.oncomine.org/resource/login.html), indicating the number of datasets with statistically
significant (p < 0.01) mRNA over-expression (red) or under-expression (blue) of CIQBP (different types
of cancer vs. corresponding normal tissue). The threshold was designed with following parameters:
p-value of le—4, fold change of 2, and gene ranking of 10%. (b) Expression pattern of CIQBP mRNA in
normal and tumor tissues. CIQBP mRNA expression in various types of cancer was searched in the
GENT database (available at http://medical-genomics.kribb.re.kr/GENT/). Boxes represent the median
and the 25th and 75th percentiles; dots represent outliers. Red boxes represent tumor tissues; green
boxes represent normal tissues. Red and green dashed lines represent the average value of all tumor
and normal tissues, respectively. Abbreviations. CNS: central nervous system.
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3.2. C1QBP Expression Pattern and Patient Survival in Breast Cancer.

To examine the expression of C1QBP in breast cancer and their corresponding normal counterparts,
we analyzed datasets in the Oncomine and TCGA database. The relative expression of CIQBP in
144 primary breast tissues versus 14 breast carcinomas was analyzed in the Curtis dataset. CIQBP
expression was significantly upregulated in breast carcinomas, compared to the normal breast tissue
(p = 3.94E—4, Figure 2a). In the Curtis dataset, all types of breast cancers were found to have significantly
higher expression of C1QBP than their normal counterparts (Supplementary Table S1). Expression of
CIQBP gene was also significantly (p < 1.00E—12) higher in breast invasive carcinoma (BRIC) than the
normal counterpart in TCGA database (Figure 2b). To analyze the association of CIQBP expression
with patients’ risk, we determined the expression of CIQBP in high- and low-risk groups, derived
from 502 patient samples in the TCGA dataset by the SurvExpress biomarker validation tool [40].
The expression of CIQBP mRNA was significantly augmented in the high-risk group (p = 5.22E-112)
(Figure 1c). Next, alterations in CIQBP mRNA expression were found in the BRIC TCGA PanCanAtlas
dataset (Figure 2d). Among breast cancer types, metaplastic breast cancer (MBC) had the highest
alteration frequency (17.0%). Upregulation of CIQBP was found to be the most frequent alteration type
in metaplastic breast cancer (MBC), breast invasive carcinoma (BRIC), breast invasive ductal carcinoma
(BRIDC), and breast invasive lobular carcinoma (BRILC). However, breast invasive mixed mucinous
carcinoma (BIMMC) only showed down-regulation of CIQBP mRNA expression. To determine
whether C1IQBP copy number status correlated with mRNA expression, we determined CIQBP mRNA
expression in each case showing copy number alteration. CIQBP expression was positively associated
with the copy number alteration status, significantly (ANOVA, p < 0.0001) (Figure 2e). In addition, we
compared patient survival with CIQBP expression from the PrognoScan database (Supplementary
Table S2). In the GSE9893 dataset, patients with high expression of CIQBP (n = 42) had significantly
lower overall survival compared to patients with lower expression of CIQBP (n = 113) (Figure 1f).
Overall, these data-driven results suggest that expression of CI1QBP is significantly upregulated in
breast cancer cells and is positively correlated with patient poor survival.
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Figure 2. CIQBP expression pattern and patient survival analysis in breast cancer compared to C1QBP
expression in normal tissue and cancer tissue. (a) The fold-change of CIQBP in breast cancers was
identified by our analyses, shown as a box plot. The box plot comparing specific CIQBP expression
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in normal (n = 144, left plot) and cancer tissue (n = 14, right plot) was derived from the Oncomine
database. The analysis was shown in breast carcinoma relative to in normal breast. The asterisk
above and below the box represent maximum and minimum value, respectively. (b) Expression of
C1QBP gene in The Cancer Genome Atlas (TCGA) database. Box plots showing the CIQBP mRNA
expression in BRIC tumor (red plot) and their normal (blue plot) tissues, using data from the TCGA
database through ULCAN. (¢) CIQBP gene expression in BRIC patients from TCGA database. The
Box-plots generated using SurvExpress biomarker validation tool showing the gene expression in
BRIC patients using cohorts from datasets generated by TCGA (n = 502). Box-plots show expression
levels and p-values resulting from the t-test of the difference expression between high risk (red) and
low risk (green) groups in BRIC patients. (d) Alterations (nNRNA upregulation and downregulation)
of the CIQBP gene in BRIC (TCGA, PanCan atlas) (n = 993). Data were obtained using cBioPortal.
(e) C1QBP mRNA expression was significantly associated with the copy number alteration status, deep
deletion (DD), shallow deletion (SD), diploid (D), gain (G), and amplification (A) (ANOVA, p < 0.0001)
(**: p <0.01; ****: p < 0.0001). (f) The survival curve comparing patients with high (red) and low (blue)
expression in breast cancer was plotted from the PrognoScan database. Survival curve analysis was
conducted using a threshold Cox p-value < 0.05. Abbreviations. MBC: metaplastic breast cancer;
BIMMUC: breast invasive mixed mucinous carcinoma; BRIC: breast invasive carcinoma; BRIDC: breast
invasive ductal carcinoma; BRILC: breast invasive lobular carcinoma; IBRC: invasive breast carcinoma.

3.3. C1QBP Expression Pattern and Patient Survival in Lung Cancer

Next, we focused on lung cancer due to the high expression of CIQBP according to the GNET
database (see Figure 1b). Previously, high expression of CIQBP was also reported in lung cancer cells
and tissues [45,46]. However, systematic analysis of the correlation between C1QBP expression and
patient survival has not been carried out to date. To investigate the expression level of CIQBP in
clinical specimens, we analyzed the microarray datasets of lung cancer and normal counterparts, using
the Oncomine database (Figure 3a,b, Supplementary Table S3). Expression of CIQBP was significantly
upregulated in all available datasets for lung cancer in the Oncomine database (Supplementary
Table S3). Upregulation of CIQBP (1.468-fold) was observed in lung adenocarcinoma (LUAD) of the
Landi dataset and a 1.838-fold increase was observed in lung squamous cell carcinoma (LUSC) of
Wachi dataset (shown in Figure 2a,b, as representative data). Expression of CIQBP, analyzed using
the TCGA database through TCGA Wanderer and GEPIA, was found to be significantly increased
in LUAD and LUSC compared to the normal lung tissues (Figure 3c). The proportion of genetic
alterations (predominantly upregulation) in the CIQBP gene in LUAD (TCGA PanCanAtlas dataset)
and LUSC (TCGA Provisional dataset) was around 4% (Figure 3d). CIQBP mRNA expression showed
a significant positive correlation with the copy number alteration status in LUSC (analysis based on
TCGA Provisional dataset) (Figure 3e). The patient group with a high expression level of CIQBP
mRNA showed significantly poor overall survival compared to the low expression group, as revealed
by the analysis of the jacob-00182-HLM dataset, accessed from thePrognoScan database (Figure 3f,
Supplementary Table S4). Therefore, these results suggest that CIQBP expression, owing to copy
number alterations, is upregulated in lung cancer tissues, and is positively correlated with patient
poor survival.
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Figure 3. CIQBP expression pattern and patient survival analysis in lung cancer: comparison between
CIQBP expression in normal tissue and cancer tissue. (a) The fold-change of CIQBP in lung cancer was
identified by our analyses, shown as a box plot. The box plot comparing specific CIQBP expression in
normal (n = 49, left plot) and cancer tissue (n = 58, right plot) was derived from the Oncomine database.
The analysis compared expression in LUAD, relative to expression in normal lung. The asterisk above
and below the box represent maximum and minimum value, respectively. (b) The fold-change of
C1QBP in lung cancers was identified by our analyses, shown as a box plot. The box plot comparing
specific CIQBP expression in normal (1 = 5, left plot) and cancer tissue (1 = 5, right plot) was derived
from the Oncomine database. The analysis shown is of the expression in LUSC relative to that in
normal lung. (c) Expression of CIQBP gene in The Cancer Genome Atlas (TCGA) database. Box plots
showing the CIQBP mRNA expression in LUSC tumor (T, red plot) and the corresponding normal (N,
gray plot) tissues, using data from the TCGA database through TCGA Wanderer and GEPIA. *: p < 0.01.
(d) Alterations (mRNA upregulation) of the CIQBP gene in LUAD (TCGA PanCanAtlas; n = 510) and
LUSC (TCGA Provisional; n = 511). Data was obtained using cBioPortal. (e) CIQBP mRNA expression
was significantly associated with the copy number alteration status (ANOVA, p <0.0001) in lung cancer.
(****: p < 0.0001; ns: nonsignificant) (f) The survival curve comparing patients with high (red) and low
(blue) expression in lung cancer was plotted from the PrognoScan database. Survival curve analysis
was conducted using a threshold Cox p-value <0.05. Abbreviations. LUAD: lung adenocarcinoma;
LUSC: lung squamous cell carcinoma.

3.4. C1QBP Expression Pattern and Patient Survival in Colon Cancer

7 of 16

Colorectal cancer is the third most commonly diagnosed cancer in men and the second most

common cancer in women [1]. Elevated CIQBP expression was observed in several colon cancer cell
lines and patient tissues [45,47,48]. However, the correlation between C1QBP expression and colon
cancer patient survival has not yet been investigated. Analysis of the Notterman dataset revealed
a significantly higher expression of C1QBP in colon adenocarcinoma (COAD) patients compared to
their normal counterparts (Figure 4a; Supplementary Table S5). In addition, analysis of the TCGA
database through TCGA Wanderer and GEPIA showed a significantly higher expression of CIQBP in
COAD patients than their normal counterparts (Figure 4b). Alterations in the CIQBP gene (TCGA
PanCanAtlas dataset) were found in COAD, mucinous adenocarcinoma of the colon and rectum
(MACR), rectal adenocarcinoma (RAD), and colorectal adenocarcinoma (CA) (Figure 4c). Upregulation



J. Clin. Med. 2019, 8, 513 8 of 16

of mRNA was found to be the most predominant alteration in all colon cancer subtypes (Figure 4c).
There was a significant difference in CIQBP expression level between shallow deletions and diploid in
the copy number alteration status in COAD, according to TCGA PanCanAtlas data-based analysis
(Figure 4d). Analysis of GSE12945 dataset of PrognoScan database showed significantly higher patient
survival in the low C1IQBP expression group compared to the high CIQBP expression group (Figure 4e,
Supplementary Table S6). These results suggest that colon cancers have significant CIQBP gene
alterations related to augmented C1IQBP expression, which are negatively correlated with overall
survival in colon cancer patients.
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Figure 4. C1QBP expression pattern and patient survival analysis in colon cancer: comparison of
CIQBP expression in normal tissue and cancer tissue. (a) The fold-change of CIQBP in colon cancers
was identified by our analyses, represented as a box plot. The box plot comparing specific CIQBP
expression in normal (1 = 18, left plot) and cancer tissue (n = 18, right plot) was derived from the
Oncomine database. The analysis was performed in COAD in comparison to normal colon. The asterisk
above and below the box represent maximum and minimum value, respectively. (b) Expression of
CIQBP gene in the Cancer Genome Atlas (TCGA) database. Box plots showing the C1QBP mRNA
expression in COAD tumors (T, red plot) and the respective normal (N, gray/blue plot) tissues, using
data from the TCGA database through TCGA Wanderer and Gene Expression Profiling Interactive
Analysis (GEPIA). *: p < 0.01. (c) Alterations (mRNA upregulation/downregulation) of the C1QBP
gene in COAD (TCGA PanCanAtlas; n = 439). Data was obtained using cBioPortal. (d) CIQBP mRNA
expression was significantly associated with the copy number alteration status (ANOVA, p < 0.0001)
in colon cancer. (****: p < 0.0001; ns: nonsignificant). (e) The survival curve comparing patients
with high (red) and low (blue) expression in colon cancer was plotted from the PrognoScan database.
Survival curve analysis was conducted using a threshold Cox p-value < 0.05. Abbreviations. COAD:
colon adenocarcinoma; MACR: mucinous adenocarcinoma of the colon and rectum; RAD: rectal
adenocarcinoma; CA: colorectal adenocarcinoma.

3.5. C1QBP Expression Pattern and Patient Survival in Bladder Cancer

C1QBP mRNA expression was highly upregulated in bladder cancer compared to the normal
counterparts according to both the Oncomine and GENT databases (see Figure 1). From the detailed
analysis, elevated expression of CIQBP was apparent in bladder urothelial carcinoma (BLCA) using the
Oncomine (Figure 5a) and TCGA database (Figure 5b). Tissues from high-risk group of BLCA patients
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had significantly higher expression of CIQBP compared to that from the low-risk group in the analysis
using SurvExpress biomarker validation tool (Figure 5c). We then focused whether alterations of
CI1QBP mRNA occurred in BLCA. Thus, we checked alteration frequencies of C1IQBP mRNA in BLCA
and the alterations were over 5% in TCGA Prov, TCGA PanCan, and TCGA 2014 datasets (Figure 5d).
Upregulation of mRNA expression was the predominant alteration type in all datasets analyzed.
The expression level of CIQBP mRNA was positively correlated with copy number alteration status
from diploid and amplification (Figure 5e). Survival curve analysis with TCGA dataset showed that
the high expression group had significantly poorer survival than the low-expression group (Figure 5f).
These data suggested the elevated expression of CIQBP in bladder cancer was correlated with the
cancer risk.
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Figure 5. CIQBP expression pattern and patient survival analysis in bladder cancer, compared to
CIQBP expression in normal tissue and cancer tissue. (a) The fold-change of C1QBP in bladder cancers
was identified by our analyses, shown as a box plot. The box plot comparing specific CIQBP expression
in normal (n = 48, left plot) and cancer tissue (n = 28, right plot) was derived from the Oncomine
database. The analysis was shown in BLCA relative to in normal bladder. The asterisk above and
below the box represent maximum and minimum value, respectively. (b) Expression of CIQBP gene in
The Cancer Genome Atlas (TCGA) database. Box plots showing the CIQBP mRNA expression in BLCA
tumor (red plot) and their normal (blue plot) tissues, using data from TCGA database through ULCAN.
(c) C1QBP gene expression in BLCA patients from TCGA database. The box-plots generated using
SurvExpress biomarker validation tool showing the gene expression in BLCA patients using cohorts
from datasets generated by TCGA (n = 390). Box-plots show expression levels and p-values resulting
from t-test of the difference expression between high-risk (red) and low-risk (green) groups in BLCA
patients. (d) Alterations (mRNA upregulation/downregulation) of the CIQBP gene in BLCA (TCGA
Prov., n = 408; TCGA PanCan atlas, n = 407; TCGA 2014, n = 131). Data were obtained using cBioPortal.
(e) CIQBP mRNA expression was significantly associated with the copy number alteration status
(ANOVA, p < 0.0001) in bladder cancer. (*: p < 0.05; ***: p < 0.001; ***: p < 0.0001; ns: nonsignificant).
(f) The survival curve comparing patients with high (red) and low (blue) expression in bladder cancer
was plotted from the R2: Genomics Analysis and Visualization Platform. Survival curve analysis was
conducted using a threshold Cox p-value < 0.05.
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3.6. C1QBP Expression Pattern and Patient Survival in Lymphoma

CIQBP expression was greatly upregulated in lymphoma compared to the normal counterparts
(see Figure 1a); thus, we elaborately analyzed the expression of CIQBP and its relevance in clinical
outcomes in lymphoma datasets. In the Oncomine database, expression of CIQBP was enhanced
approximately 3-fold in diffuse large B-cell lymphoma (DLBC) (Figure 6a). CIQBP expression was
also significantly upregulated in DLBC according to TCGA database (Figure 6b). Among the DLBC
patients, the high-risk group had a significantly higher expression of CIQBP than the lower risk group
(Figure 6¢). We then checked the alteration frequency of CIQBP genes in DLBC using TCGA data
by cBioPortal. More than 4% alteration frequencies (CIQBP mRNA upregulation) were observed in
DLBC in TCGA datasets (Figure 6d). In addition, mRNA expression of CIQBP is positively correlated
with copy number alterations between shallow deletions and diploid and between diploid and gain
in DLBC TCGA dataset. Next, we focused on the clinical outcomes of lymphoma patients with
CI1QBP expression. Lymphoma patients” group with a high expression level of C1QBP mRNA showed
significantly poor overall survival compared to the low expression group (Figure 6f). Overall, these
data suggest the altered expression of CI1QBP and its association of risk in lymphoma.
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Figure 6. C1QBP expression pattern and patient survival analysis in lymphoma as compared to CIQBP
expression in normal tissue and cancer tissue. (a) The fold-change of CIQBP in lymphoma was identified
by our analyses, shown as a box plot. The box plot comparing specific CIQBP expression in normal
(n =5, left plot) and cancer tissue (n = 11, right plot) was derived from the Oncomine database. The
analysis was shown in lymphoma relative to in normal tissue. The asterisk above and below the box
represent maximum and minimum value, respectively. (b) Expression of the CIQBP gene in The Cancer
Genome Atlas (TCGA) database. Box plots showing the CIQBP mRNA expression in DLBC (red plot)
and their normal (blue plot) tissues, using data from the TCGA database through GEPIA. *: p < 0.01.
(c) C1IQBP gene expression in DLBC patients from the TCGA database. The box-plots generated using
SurvExpress biomarker validation tool showing the gene expression in DLBC patients using cohorts from
datasets generated by TCGA (n = 47). Box-plots show expression levels and p-values resulting from the
t-test of the difference expression between high risk (red) and low risk (green) groups in DLBC patients.
(d) Alterations (mRNA upregulation) of CIQBP gene in DLBC (TCGA Prov., n = 48; TCGA PanCan atlas,
n = 48). Data was obtained using cBioPortal. (e) CIQBP mRNA expression was significantly associated
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with the copy number alteration status (ANOVA, p = 0.0009) in lymphoma. (*: p < 0.05; **: p < 0.01; ns:
nonsignificant). (f) The survival curve comparing patients with high (red) and low (blue) expression in
lymphoma was plotted from the R2: Genomics Analysis and Visualization Platform. Survival curve
analysis was conducted using a threshold Cox p-value < 0.05.

3.7. C1QBP Expression Pattern and Patient Survival in Other Type of Cancers

Beside five types of cancers, we analyzed CIQBP expression and its relevance in clinical outcomes
in other cancers. From the Oncomine analyses, CIQBP expression was found to be upregulated
in various other cancers including brain, gastric, prostate, kidney, myeloma, and ovarian cancers
(Supplementary Figure S1 and Table S7). TCGA database analyses also showed an upregulation in
CIQBP expression in various other cancers including cholangio, glioblastoma multiforme, pancreatic,
rectum, stomach, testicular germ cell, and thymoma cancers (Supplementary Figure S2). Moreover,
survival analysis with C1QBP expression was performed using the R2: Kaplan Meier Scanner and the
SurvExpress database. The analyses showed a negative correlation with patient survival in most of
the investigated cancer types analyzed including pancreases, sarcoma, kidney, melanoma, myeloma,
neuroblastoma, bladder, head and neck, and ovarian cancers (Supplementary Figure S3 and Table S8).
These results suggest that CIQBP is probably involved in mechanisms that either aid in, or confer
aggressiveness, in most cancers.

3.8. Differentially Expressed Genes with C1QBP Expression in Five Types of Cancers

Finally, we aimed to find the potential signaling mechanism involved with CIQBP expression
in cancers. To investigate the C1QBP-related pathways that might commonly play a role in various
cancers, we analyzed transcriptome datasets from five different types of cancers, namely, breast, colon,
lung, bladder cancers, and lymphoma using TCGA datasets through the R2: Genomics Analysis and
Visualization Platform. Sixty-seven differently expressed genes (DEGs) were commonly upregulated
with CIQBP in five selected cancers derived from the Venn diagram (Figure 7a), while only one DEG
was commonly downregulated (Supplementary Figure 54). Total 67 common upregulated DEGs were
classified using Reactome pathway analysis (Figure 7b) and the GOTermFinder functional annotation
tool (Supplementary Table S9). The Reactome pathway analysis revealed that certain correlated genes
were categorized in pathways related to the post-transcriptional control of gene expression including
translation, such as metabolism of RNA, translation, and ribosomal RNA (rRNA) processing. Some
categories were related to mitochondrial functions including mitochondrial translation, mitochondria
protein import. Categories obtained from analysis using GOTermFinder functional annotation tool also
contain terms related to RNA, translation, and mitochondria (Supplementary Table 59). As conveyed
by these results, CIQBP could be associated with certain key pathways related to post-transcriptional
control and mitochondrial function in cancer progression.
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Reactome pathways p-value FDR
1 Metabolism of RNA 2.54E-08 4.57E-06
2 Translation 3.44E-08 4.57E-06
3 rRNA processing 7.37E-06 6.48E-04
4 Mitochondrial translation elongation 1.31E-05 8.64E-04
§ Mitochondrial translation 2.06E-05 1.09E-03
5 Major pathway of rRNA processing in the nucleolus
and cytosol 7.71E-05 3.39E-03
7 rRNA processing in the nucleus and cytosol 1.35E-04 5.13E-03
8 Mitochondrial translation termination 1.66E-04 5.32E-03
9 Mitochondrial translation initiation 1.83E-04 5.32E-03
10 GTP hydrolysis and joining of the 60S ribosomal
subunit 5.06E-04 1.21E-02
1 L13a-mediated translational silencing of
Ceruloplasmin expression 5.06E-04 1.21E-02
12 Mitochondrial protein import 5.62E-04 1.24E-02
13 Eukaryotic Translation Initiation 7.24E-04 1.38E-02
14 Cap-dependent Translation Initiation 7.24E-04 1.38E-02
45 Association of TriC/CCT with target proteins during
biosynthesis 1.39E-03 2.36E-02
16 Peptide chain elongation 1.96E-03 2.82E-02
17 Hypusine synthesis from elF5A-lysine 1.99E-03 2.82E-02
18 Interactions of Rev with host cellular proteins 2.06E-03 2.82E-02
Nonsense Mediated Decay (NMD) independent of
Lymphoma Bladder 18 the Exon Junction Complex (EJC) 226E-03  2.82E-02
(87) (802) 20 Folding of actin by CCT/TriC 2.33E-03 2.82E-02

Figure 7. Analysis of positively correlated genes of CIQBP and their predicted pathway analysis using
Reactome pathway analysis. (a) Venn diagram of genes positively correlated to CIQBP, showing
coincident genes in breast, colon, lung, bladder, and lymphoma cancers. (b) Pathway analysis using
Reactome pathway analysis. Gene ontology (GO) analysis using GOTermFinder functional annotation
tool v1.0 is shown in Supplementary Table S9.

4. Discussion

CI1QBP is a multicompartmental protein that plays multiple roles in biological processes.
Various roles of CIQBP have also been reported in multiple cancers. In this current study, we
systematically analyzed CIQBP expression in various cancers by utilizing online expression databases
and bioinformatics tools. Analysis of datasets revealed that C1QBP expression is significantly
augmented in various cancer cells, compared to their normal counterparts. Level of CIQBP expression
was positively correlated with copy number alterations and negatively correlated with patient survival
in breast, lung, colon, and bladder cancers as well as lymphoma. These results strongly suggest
the importance of CIQBP function in various cancer progression and prognosis. An association
between patient survival and C1QBP expression was previously reported in breast [24,25], ovarian [26],
endometrial [27], and cervical cancer [28]. In all previous studies, higher expression of CIQBP was
negatively correlated with patient survival. Similarly, our analysis revealed that CIQBP expression
is significantly higher in most types of cancer cells compared to their normal counterparts, and is
negatively correlated with patient survival. This consistent trend in CIQBP expression in cancers
suggests a commonality among different cancer types, where C1QBP-related molecular pathways may
be functional.

Differences of CIQBP mRNA expression between cancers and their counterparts were varied
with cancer types. Among analyzed cancers in this study, the expression of CIQBP was more than
the 2.5-fold augmented in bladder cancer and lymphoma compared to their normal counterparts (see
Figures 5a and 6a), which were bigger than other cancers. In these cancers, expression of C1QBP may
play as a prognostic marker for the cancer progression which yet to be further validated by additional
studies. Overexpressed C1QBP in cancers has been targeted by antibodies [49], A-tumor-homing
peptide, LyP-1 [50], and small molecules [51] for therapeutic applications. Our study provides a
systematic analysis suggesting C1QBP as a cancer target in various types of cancers.

Co-expression analysis shows that expression of CIQBP is positively correlated with gene
expression categorized in RNA-related pathways and mitochondrial function. CIQBP knockout
embryos have the severe defect of the mitochondrial respiratory chain and mitochondrial RNA-binding
activity of CIQBP is well correlated with mitochondrial translation [52]. Knockdown of CIQBP reduces
the cellular respiration of mitochondria, shifts metabolism from oxidative phosphorylation to glycolysis
and suppresses tumor formation in vivo [53]. Increased expression of C1QBP promotes the oxidative
phosphorylation in cancers [53]. Association of CIQBP in ribosome biogenesis by physical association
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of C1QBP with rRNA-processing factors has been previously reported [8,52]. However, our analysis is
the first to reveal a positive correlation of CIQBP expression with a group of genes that are related to
RNA-processing. Our findings may imply an association of CIQBP in post-transcriptional regulation
of gene expression, especially for mitochondrial function. However, the roles of these groups in cancer
progression remain open for further study.

5. Conclusions

In this systematic analysis of CIQBP expression in cancer databases, we provide evidence of the
relationship between the altered expression of CIQBP and clinical outcomes. Our study uncovers
the importance of CIQBP expression and possible C1QBP-related pathways in cancer progression.
Therefore, our analysis may provide valuable insights into CIQBP as a potential therapeutic target for
various human cancers.
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C1QBP expression in colon cancer (Oncomine database); Table S6: Survival analyses of C1QBP in colon cancer
(PrognoScan database); Table S7: Datasets of CIQBP expression in other cancers (Oncomine database); Table
S8: Survival analyses of CIQBP in other cancers (PrognoScan database); Table S9: Gene ontology (GO) terms
obtained from genes positively correlated with CIQBP; Figure S1: CIQBP expression analysis in different cancer
types (Oncomine database); Figure S2: CIQBP expression analysis in different cancer types (TCGA database);
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