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Whether the IncRNA CCAT?2 expression level affects the clinical progression and outcome of cancer patients has not yet been fully
elucidated. There is still an inconsistent view regarding the correlation between CCAT2 expression and clinicopathological factors,
including survival data. Besides, the regulation mechanism of CCAT2 in human cancer is still unclear. Our study analyzed a large
number of publication data and TCGA databases to identify the association of CCAT2 expression with clinicopathological factors
and to explore the regulatory mechanisms in human cancers. We designed a comprehensive study to determine the expression of
CCAT?2 in human cancer by designing a meta-analysis of 20 selected studies and the TCGA database, using StataSE 12.0 to explore
the relationship between CCAT2 expression and both the prognosis and clinicopathological features of 33 cancer types and 13285
tumor patients. Moreover, we performed GO and KEGG pathway enrichment analyses on potential target genes of CCAT2
collected from GEPIA and LncRNA2Target V2.0. The level of CCAT2 expression in tumor tissues is higher than that in paired
normal tissues and is significantly associated with a poor prognosis in cancer patients. Besides, overexpression of CCAT2 was
significantly associated with tumor size, clinical stage, and TNM classification. Meanwhile, CCAT2 expression is the highest in
stage II of human cancer, followed by stage III. Finally, 111 validated target gene symbols were identified, and GO and KEGG
demonstrated that the CCAT2 validation target was significantly enriched in several pathways, including microRNAs in the
cancer pathway. In summary, CCAT2 can be a potential biomarker associated with the progression and prognosis of human cancer.

1. Introduction

The rapid advancement of exploring ncRNA is the result of
RNA-Seq technology, which provides a deeper understand-
ing of the human transcriptome. Further research on these
RNAs will lead to new perspectives on cancer cell regulation
mechanisms and innovative therapeutic targets [1]. Accord-
ing to the ncRNA length, we divided it into two categories.
Short RNA has a transcript of fewer than 200 nucleotides,
including miRNA, siRNA, and piRNA. Besides, transcripts
longer than 200 nucleotides are classified as IncRNA [2].
NcRNA does not encode a protein, which was previously
thought to be transcriptional noise or evolutionary junk
[3]. However, ncRNA plays a vital role in a variety of biolog-
ical processes [4]. LncRNA acts as a regulator of gene

expression to regulate the development and progression of
many diseases, especially malignant tumors [5, 6]. Therefore,
IncRNA is used as a biomarker to monitor tumor prognosis.
For example, He et al. explored the association between
IncRNA PVT1 and patient prognosis in the TCGA database
and sought after some possible pathways of PVT1 [7].
CCAT?2 is located in the 8924 gene desert. The locus was
first named in colon tumor tissue in the 2000s [8]. The
CCAT2 genomic locus, including SNP rs6983267, is
associated with an increased risk of various malignancies
[9]. Overexpression of CCAT2 promotes the proliferation
and invasion of malignant tumors, claiming that CCAT2
plays a carcinogenic role [10]. Studies also observed that
CCAT?2 expression levels in tumor samples were higher than
those in adjacent tissues and were associated with poor
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prognosis [11]. Moreover, different expression levels of
CCAT?2 will affect the therapeutic effects of different treat-
ment procedures, such as chemotherapy [12].

The above evidence indicates that CCAT2 is involved
in tumor progression. Moreover, some previous meta-
analyses have reported that increased CCAT2 expression
is significantly associated with lymph node metastasis,
distant metastasis, and higher clinical stage [13, 14].
However, sample quantity is limited, and the relevance of
CCAT2 to other clinicopathological parameters has not
been adequately studied in these studies. Therefore, we
reviewed the entire literature and searched the TCGA
database for current research to explore the clinical
pathology and prognostic value of CCAT?2 in various types
of cancer patients. We also listed potential target genes for
CCAT2 by GO and KEGG analysis, and this paper
discusses the possible mechanism of action of CCAT2 in
tumor progression.

2. Material and Methods

2.1. Literature Review and Selection. We searched the English
and Chinese medical literature in PubMed, Web of Science,
Wiley Online Library, Weipu, Wangfang Data, and CNKI
to identify all publications related to CCAT2 in cancer
patients. The search strategy combining the terms “CCAT2”
or “colon cancer associated transcript 2” is based on the
purpose of the study. We also reviewed comments and ref-
erences related to CCAT2 by other methods, including the
extraction of previous articles cited in the meta-analysis of
CCAT2 [13-15]. The deadline for our project was on
December 29, 2019.

The meta-analysis study was evaluated by two indepen-
dent investigators (RG Guan and D Liu) using the same mul-
tistep approach. First, check the headlines and abstracts to
exclude unqualified studies that are not relevant, duplicate
papers, reviews, or case reports. What is more, the full text
of the remaining studies was further examined separately
by the same investigator (M Yu). Finally, the third commen-
tator (BW Huang) resolved any disputes.

We consider studies that meet the following inclusion
criteria to be eligible: (i) collecting clinical samples from
tumor tissue, (ii) studying the association between CCAT2
and survival data and performing CCAT2 levels by qRT-
PCR quantification, and (iii) providing sufficient data to
determine the HR value and its 95% CI. The exclusion cri-
teria were as follows: (i) repeated studies, (ii) study data not
sufficient to calculate HR values, (iii) studies of animals or
cell lines, and (iv) reviews, comments, letters, case reports,
and conference articles. If the survival analysis is not suffi-
cient to calculate the HR value, we try to contact the author
to obtain the raw survival data.

2.2. Data Extraction. The following relevant information
from all eligible studies was extracted: first author name,
publication year, country, cancer type, sample size, assay
method, the criterion for dividing CCAT2 into high and
low groups, follow-up time, prognostic data, age classifica-
tion, gender ratio, tumor size, clinical stage, TNM classifi-
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cation, and histological differentiation. If the paper does
not provide complete survival data, we follow the methods
of He et al. [7]. The HR and 95% CI were extracted indi-
rectly from the Kaplan-Meier survival curve using Engauge
Digitizer version 11.2 (https://github.com/markummitchell/
engauge-digitizer/releases).

2.3. Quality Assessment. The NOS was used to assess the
methodological quality of two investigators (RG Guan and
D Liu) independently evaluating eligible projects. They rated
each study according to the following system: (i) selection, 0-
4; (ii) comparability, 0-2; and (iii) exposure, 0-3. The highest
score is 9 points, and score > 6 indicates that the research
quality is good.

2.4. Statistical Analysis. We used StataSE 12.0 software to
analyze the information extracted from eligible studies. HR
and 95% CI assessed survival data. The OR and 95% CI were
calculated to analyze the relationship between human cancer
and clinicopathological parameters, including age, gender,
tumor size, clinical stage, TNM classification, and histologi-
cal differentiation. What is more, subgroup analyses were
based on the source of tumor type and overall survival data.
The Cochrane Q test and the I? index were used to assess
potential heterogeneity in selected studies, with P’ < 0.05 or
I? > 50% considered statistically significant. If the selected
parameter has significant heterogeneity (P’ <0.05), the
random effects model is used to calculate the HR value;
otherwise, a fixed effects model will be employed. Finally,
Begg’s test was used to estimate publication bias (bilateral
P’ <0.05 was considered statistically significant).

2.5. Analysis of CCAT2 Expression Levels in All Cancers
Based on TCGA Data. CCAT?2 expression levels and over-
all survival data in the TCGA database were extracted
from starBase (http://starbase.sysu.edu.cn/). Experimental
data were divided into high and low groups based on the
median level of CCAT2 expression. The Cox proportional
hazard model of SPSS 22.0 was used to assess the effect of
CCAT?2 overexpression on survival. The box diagram and
bar graph of CCAT?2 expression in tumor samples and adja-
cent normal tissues were drawn by R 3.6.0 (https://www.r-
project.org/) and established on the data extraction of the
TCGA database (https://portal.gdc.cancer.gov/).

2.6. Pathway Analysis of GO and KEGG for CCAT2
Verification of Target Genes. We used GEPIA (http://gepia
.cancer-pku.cn/) and LncRNA2Target V2.0 (http://123.59
.132.21/Incrna2target/index.jsp) based on all published
IncRNA papers to identify potential CCAT?2 target genes in
human cancer. GO enrichment analysis and KEGG pathway
analysis were performed using DAVID Bioinformatics
Resources 6.8 (https://david.ncifcrf.gov/). We used R 3.6.0
to visualize the results of GO and KEGG and used Cytoscape
3.7.1 (https://cytoscape.org/) software to display a network of
CCAT?2 and its related genes.
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3. Results

3.1. Summary of Literature Selection and Study Characteristics.
We researched to analyze the connection between CCAT2
expression and prognosis in cancer patients in all published
literature (Figure 1). A total of 1304 potential studies were
identified after the first search, 177 of which were considered
eligible after the title and abstract screening. Next, we exam-
ined the full text of the remaining articles. Finally, 20 studies
(n=2192) were included in our analysis, and the main char-
acteristics are shown in Table 1. The follow-up period was
between 40 and 100 months. All selected studies investigated
the relationship between CCAT2 and survival analysis,
including OS, PFS, RFS, or DFS; 15 studies explored the asso-
ciation between CCAT2 and age, 11 for gender, 15 for tumor
size, 14 for clinical stage, 6 for T classification, 12 for N clas-
sification, 7 for M classification, and 11 for histological differ-
entiation (shown in Table 2).

3.2.  Correlation  between IncRNA  CCAT2 and
Clinicopathological Characteristics of the Study Patients.
As shown in Table 2, we discovered that a high CCAT2
level was remarkably related to tumor size (OR =1.50,
95% CI: 1.03-2.20, P=0.036, I* =70.4%, and P’ <0.001)
(Figure 2(c)), clinical stage (OR =3.09, 95% CI: 2.49-3.83,
P <0.001, I> = 19.8%, and P' = 0.238) (Figure 2(d)), T stages
(OR=2.37, 95% CI: 1.68-3.37, P <0.001, I> =10.8%, and
P’ =0.347) (Figure 2(e)), N stage (OR =3.33, 95% CI: 2.29-
4.84, P<0.001, I =55.8%, and P’ =0.009) (Figure 2(f)),
and M stage (OR =6.85, 95% Cl: 4.23-11.11, P < 0.001, I’ =
47.1%,and P’ = 0.078) (Figure 2(g)). However, no significant
connection was found for age (OR = 1.04, 95% CI: 0.85-1.27,
P=0.714, I =0.0%, and P’ =0.741) (Figure 2(a)), gender
(OR=1.06, 95% CI: 0.84-1.35, P=0.621, I>=0.0%, and
P’ =0.996) (Figure 2(b)), and histological differentiation
(OR=1.17, 95% CI: 0.75-1.81, P =0.484, I> =69.1%, and
P’ <0.001) (Figure 2(h)). The above results indicate that
tumors with high CCAT?2 levels appear to exhibit invasive
biological behavior.

3.3. Correlation between IncRNA CCAT2 Expression and
Survival Data. We analyzed the association of CCAT2
expression with OS based on the results of 20 selected studies
(n=2192) and the TCGA database (n=11093), suggesting
that CCAT2 overexpression is significantly associated with
poor prognosis for certain cancer types. Considering the sig-
nificant heterogeneity in the study, we performed two sub-
group analyses based on survival data and the source of the
cancer type. In a subgroup analysis of OS, we found that high
expression of CCAT2 was significantly associated with poor
OS in all databases (HR=1.15, 95% CI: 1.04-1.26, P<
0.001), including publications (HR =1.75, 95% CI: 1.50-
2.01, P<0.001) and TCGA (HR=1.01, 95% CI: 0.90-1.12,
P <0.001) (Figure 3(a)). As pituitary adenoma, colorectal
cancer, renal cell carcinoma, oral cancer, small cell lung can-
cer, ovarian cancer, prostate cancer, and esophageal cancer
were studied separately, we have classified them as others.
Similar results were generated in a subgroup analysis based

on tumor type (hepatocellular carcinoma (HR =2.44, 95%
CI: 1.56-3.33, P < 0.001), osteosarcoma (HR =1.17, 95% CI:
0.70-1.65, P < 0.001), cholangiocarcinoma (HR =2.96, 95%
CL: 1.95-3.97, P < 0.001), gastric cancer (HR =1.47, 95% CI:
1.04-1.89, P<0.001), breast cancer (HR=1.98, 95% CI:
1.36-2.60, P < 0.001), and others (HR = 1.67, 95% CI: 1.40-
1.94, P <0.001)) (Figure 3(b)). No significant heterogeneity
was found in these studies.

3.4. Publishing Bias. Begg’s funnel plot was used to assess
publication bias in our study. No publication bias was
observed in studies evaluating the association of CCAT2 with
clinicopathological features and OS in the study group
(P =0.496) and TCGA (P =0.455) (Figures 4(a) and 4(b)).
Similarly, we conducted a publication bias analysis on the
influencing factors of OS in patients (Figures 4(c)-4(j)).
Among them, suspicious publication bias was found in the
tumor size subgroup (Pr=0.038). Therefore, we used the
trim method for further verification. The results indicated
that the tumor size subgroup needed to increase three exper-
iments to eliminate the bias, but the 95% CI after clipping
and supplementation showed no statistical significance,
reminding us that the previous results were stable.

3.5. The Expression Level of CCAT2 in Pan-Cancer. Based on
the results obtained from TCGA, we plotted a box diagram of
the CCAT2 expression profile for tumor samples and adja-
cent normal tissues (Figure 5(a)). We found that CCAT?2 is
highly expressed in 6 of 33 tumor tissues (COAD/KIRC/-
STAD/PRAD/ESCA/READ) (Figure 5(b)) and is weakly
expressed in 4 tumor tissues (BRCA/LUSC/THCA/PAAD)
(Figure 5(c)). And CCAT?2 is mainly expressed in stage
IT of tumor pathology, followed by stage III (from GEPIA,
Figure 5(d)).

3.6. Functional Analysis of CCAT2-Related Genes in Human
Tumors. To explore the underlying mechanism of action of
CCAT?2, we identified a total of 111 target genes using GEPIA
and LncRNA2Target V2.0. GO and KEGG analysis was per-
formed. CCAT2 and target gene symbols were analyzed by
GO enrichment analysis, including BP, CC, and MF, and
the results are shown in Figure 6. Furthermore, KEGG
enrichment analysis revealed that CCAT2 might play a role
in cancers such as microRNAs in cancer pathway, Hippo
signaling pathway, RNA degradation pathway, ribosome
biogenesis in eukaryote pathway, and cell cycle pathway
(Figures 6 and 7).

4. Discussion

Numerous studies have shown that overexpression of
CCAT?2 is significantly associated with clinical outcomes
and other clinicopathological parameters in cancer patients
[16-18]. The review article also summarizes the critical role
that CCAT2 may play in the development of multiple cancers
[19]. A meta-analysis also showed that the upregulation of
CCAT?2 was associated with lymph node metastasis, distant
metastasis, and poor OS in patients with malignancy,
although the association between CCAT2 and other clinico-
pathological parameters was not discussed in previous
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studies [15]. To obtain more convincing conclusions and
explore the potential mechanism of action of CCAT2 in
tumors, we performed current studies by combining the
results of published studies with TCGA survival data
followed by GO and KEGG analysis.

A meta-analysis of 2192 patients from 20 eligible studies
and 11093 patients from TCGA currently explores the asso-
ciation between CCAT?2 overexpression and prognosis, as
well as the clinicopathological parameters of cancer patients.
Therefore, our research is by far the most comprehensive
analysis. We assessed the quality of all selected studies
through NOS and used Begg’s method to examine publica-
tion bias. Our results show that high expression of CCAT2
is associated with poor OS. For clinicopathological features
of cancer patients, our study suggests that high CCAT2 is sig-
nificantly associated with cancer growth and metastasis,
including tumor size, clinical stage, and TNM classification,
although age, gender, and histological differentiation are
not significant factors. The results suggest that CCAT2 may
be a potential tumor biomarker and is associated with tumor
invasiveness, which is why CCAT?2 is mainly expressed in
stage II, followed by stage III.

Furthermore, a subgroup analysis of CCAT2 expression
and overall survival was not statistically significant in TCGA,
and CCAT2 is likely overexpressed in certain types of
tumors. Besides, subgroup analysis was also performed on
specific cancers, including hepatocellular carcinoma, osteo-
sarcoma, cholangiocarcinoma, gastric carcinoma, and breast
cancer. Increased CCAT2 expression was associated with
worse HR observed in hepatocellular carcinoma, cholangio-
carcinoma, gastric cancer, and breast cancer, whereas no sig-
nificant association between CCAT2 expression and HR was

detected in osteosarcoma. However, KIRC, PRAD, READ,
SKCM, and STAD in the TCGA data set are associated with
a good prognosis. We reviewed related studies and found that
overexpression of CCAT? levels is associated with worse out-
comes in renal cell carcinoma [20], prostate cancer [21], gas-
tric cancer [17, 22, 23], and colorectal cancer [24], and there
is no corresponding melanoma report. Sampling errors and
publication bias may cause the inconsistent conclusions of
literature studies and TCGA in these tumors. Based on the
evidence from our study, all of these results suggest that
CCAT2 may serve as a reliable independent diagnostic and
prognostic biomarker, and even all types of cancers with high
CCAT?2 expression may have a poor prognosis and more
adverse clinical pathology parameters. Although these find-
ings suggest that CCAT2 may play a role in cancer, the exact
mechanism remains to be elucidated. The association
between CCAT2 and the prognosis of different types of
tumors needs to be confirmed with more research.

Studies have shown that CCAT2 expression levels are
upregulated in cancerous tissues compared to paired adjacent
tissues; the same results were found in in vitro cell line sam-
ples [25]. Research on the mechanism of action of CCAT2 in
cancer has proliferated in recent years, and there is increasing
evidence that CCAT2 can affect the different biological
behaviors of different types of tumors. Yu et al. observed that
CCAT2 could positively regulate the expression of the
POUS5F1B gene by inhibiting the PI3K/mTOR signaling
pathway. The silencing of the CCAT2 gene inhibits the pro-
liferation of BGC-823 cells and induces apoptosis and
autophagy in BGC-823 cells [26]. Cai et al. revealed that the
silencing of CCAT?2 inhibited the proliferation and invasion
of PANC-1 cells in vitro and reduced the tumorigenesis of
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FIGURE 3: Subgroup analyses. (a) A meta-analysis of the selected studies and TCGA data estimating the association of CCAT2 with the
patients” OS (I = 50%, random effects model). (b) Subgroup analyses of the OS based on the tumor type (I* < 50%, fixed effects model).

PANC-1 xenografts in vivo, and KRAS regulated CCAT2 via
the MEK/ERK signaling pathway [27]. Even though we have
made progress in understanding the role of CCAT2 in malig-
nant tumors, the precise molecular mechanism of its biolog-
ical function remains unclear. Therefore, we collected
validated CCAT2 targeting genes using the GEPIA and
LncRNA2Target platforms and performed a comprehensive
target gene network analysis.

The analysis of GO and KEGG pathways suggests that
CCAT2 may play a key role in human tumors through dif-
ferent pathways, including miRNAs in the cancer pathway,
etc. miRNAs are defined as small noncoding sets of 19 to
24 nucleotides associated with mRNA expression and reg-
ulate the expression of downstream gene targets, including
oncogenes, tumor suppressor genes, and transcription fac-
tors [28]. Studies have shown that miRNAs are expressed
in several malignancies, including hepatocellular carcinoma
[29], hepatoblastoma [30], cervical cancer [31], and colon
cancer [32], which play the vital part in the diagnosis
and prognosis.

Compared to previous meta-analyses, our research has
several advantages [13-15]. First of all, the included studies
and cases extended from 11 studies with 1335 cases [13] to
20 studies and TCGA database with 13285 cases. Moreover,
we performed several subgroup analyses to further explore
the role of CCAT2 in different types of tumors and also
achieved a significant correlation between high CCAT2
expression and worse OS in survival curve studies. Last but
not least, all types of tumors were included in our study,

which was lacking in previous meta-analyses. More impor-
tantly, our study found that CCAT2 is involved in tumor
progression by modulating miRNAs in the cancer pathway.
These findings are following previous publications that
CCAT?2 increases the growth, invasion, and migration of
colon cancer cells and endometrial cancer cells by IncRNA-
miRNA crosstalk [33, 34].

Although our study attempts to fully elucidate the associ-
ation between CCAT?2 and cancer progression and prognosis,
our research has some limitations. For the meta-analysis, dif-
ferent definitions of high CCAT?2 expression levels in selected
studies are factors that contribute to publication bias.
Besides, the current eligible countries in the meta-analysis
are only China, the USA, and Japan, and more trials in other
countries should confirm our research. At the same time,
since there is no direct data for multivariate analysis in some
existing studies, we have to extract relevant data through
Kaplan-Meier curves, which may lead to deviations in HR
values. More importantly, all available studies are retrospec-
tive studies that tend to be published when positive results
are confirmed. Thus, the impact of CCAT?2 on the prognosis
and clinicopathological parameters of malignant tumors may
be overestimated. Therefore, further research is needed to
study the clinical significance and diagnostic value of CCAT2
in human cancer. Furthermore, although CCAT2 can act
through a variety of mechanisms, based on the correlation
of gene expression levels between CCAT2 and miRNA, only
one possible mechanism of the role of CCAT2 in gene regu-
lation has been investigated. In order to understand more
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features of CCAT2, further research is needed to explore
other possible mechanisms.

In light of our findings, we believe that the expression of
CCAT?2 may serve as potential candidates for prognostic fac-
tors as well as therapeutic targets in malignant tumors. Of
note, the prognostic roles of CCAT2 varied greatly across
cancers, which implied a noteworthy amount of heterogene-
ity between different types of tumors. In addition, the expres-
sion of CCAT2 was closely associated with tumor size,

clinical stage, and TNM classification and mainly expressed
in stage II, which indicated that CCAT? is a significant bio-
marker to monitor tumor progression. Current findings
enhance our understanding of the CCAT2 in cancer monitor
and identify strategies for the early invention in clinical man-
agement. Moreover, further illumination of the underlying
mechanism and the interaction between CCAT2 and tumors
may provide important implications for the success of early
monitoring and prognosis prediction in cancers.
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5. Conclusions

Our study demonstrated that a higher CCAT2 expression
was significantly associated with an aggressive disease course
in patients with cancer, predicting a larger tumor size, more
advanced clinical stage, more inferior TNM classification,
and shorter OS. We also demonstrated that CCAT2 plays
an essential role in the biological processes of tumor progres-
sion via a variety of pathways.
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