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Abstract: Background: Long non-coding RNAs (IncRNAs) CCAT1 and SOX20T have been shown to play important
regulatory roles in cancer biology. Tumor biomarkers need to be detectable in easily accessible body fluids, should
be characterized by high specificity, sufficient sensitivity, and robustness against influencing factors. The aim of this
study is to evaluate the clinical significance of serum CCAT1 and SOX20T as a biomarker in the screening of NSCLC.
Results: CCAT1 and SOX20T were shown to be detectable in the cellular fraction of peripheral human blood, show-
ing serum levels of CCAT1 and SOX20T were significantly increased of cancer patients as compared to cancer-free
controls. The ROC curves illustrated strong separation between the NSCLC patients and control group, with an AUC
of 0.846 (95% Cl 0.766-0.926; P < 0.001) for CCAT1 and 0.787 (95% Cl: 0.691-0.883; P < 0.001) for SOX20T.
However, the combination of SOX20T and CCAT1 yielded an AUC of 0.894 (95% CI: 0.825-0.963; P < 0.001), which
was significantly improved as compared to CCAT1 or SOX20T alone. Moreover, the interaction between IncRNAs and
some functional proteins, such as TTF1, p63, Ck7, K-ras, EGFR, may contribute to the tumorigenesis. Conclusion:
Our results demonstrated that increased serum CCAT1 and SOX20T could be used as a predictive biomarker for
NSCLC screening, and that combination of CCAT1 and SOX20T had a higher positive diagnostic efficiency of NSCLC
than CCAT1 or SOX20T alone.
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Introduction sense, bidirectional, intronic, and intergenic [3].
Recently, several IncRNAs had been shown to

Lung cancer is one of the most fatal malig- serve as NSCLC biomarkers, such as PVT1 [4],

nancies worldwide, which has a 5 year survival
rate of about 15% [1]. Non-small cell lung can-
cer (NSCLC) accounts for 85% of lung cancers,
whose ravages has violently hijacked the great
burden of human welfare, health, and econom-
ics [2]. Although great progress has been made
in the treatment of NSCLC in recent years, the
overall survival time of patients with NSCLC has
not improved significantly. One important rea-
son is the lack of molecular biomarkers. There-
fore, looking for the effective biomarkers of
NSCLC is urgently needed.

LncRNAs are more than 200 nucleotides in
length, longer than microRNAs. According to
genomic organization, IncRNAs can be classi-
fied into five broad categories: sense, anti-

MALAT1 [5], XSIT [6], and CCHE1 [7], may con-
tribute to cancer development. Colon cancer-
associated transcript 1, LncRNA CCAT1, which
had been reported involving in colorectal can-
cer [8], cholangiocarcinoma [9], gastric cancer
[10]. These results indicated that CCAT1 may
be necessary for human cancer progression.
In recent study, overexpression of CCAT1 was
demonstrated to promote the migration and
invasion of H358 lung adenocarcinoma cells;
while downregulation of CCAT1 expression in-
hibited H1650 cell migration and invasion [11].
The IncRNA SOX20T is transcribed in the same
orientation like SOX2, which plays a significant
role in regulation of tumor progression [12].
SOX20T was found highly expressed in gastric
cancer [13], hepatocellular carcinoma [14], and
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colorectal cancer [15], suggesting that SOX20T
may serve as a biomarker for the diagnosis of
these cancers. A study had shown that the Inc-
RNA-SOX20T regulated lung cancer cell prolif-
eration and was a prognostic indicator of poor
survival [16]. Although IncRNAs may play an
important role in NSCLC, little is known whe-
ther INcRNA CCAT1 and SOX20T in serum can
serve as biomarkers in NSCLC.

In our current study, we examined the expres-
sion levels of CCAT1 and SOX20T in serum, and
their potential use as tumor markers for NSC-
LC detection were evaluated. We hypothesized
that these NSCLC-related IncRNAs might be
released into the circulation during NSCLC ini-
tiation and could be utilized to detect and
screen NSCLC.

Materials and methods
Patients and specimens

A total of 48 patients with NSCLC were diag-
nosed as lung cancer patients by biopsy and
CT results. Immunohistochemistry and electron
microscopy were used to determine the histo-
logical classification of patients with non-small
cell lung cancer, such as squamous cell carci-
noma, adenocarcinoma, large cell carcinoma,
and other subtypes. Blood specimens were col-
lected from Affiliated Hospital of Jiangsu Uni-
versity between Jan 2017 and Feb 2019. All
patients recruited in this study were not sub-
jected to preoperative radiotherapy or chemo-
therapy and diagnosed with NSCLC based on
histopathological evaluation. All clinical data
including age, gender, clinical stage, smoking
history, infiltration degree, and lymph node me-
tastasis of these patients were recorded in a
database. In addition, 48 people without NSC-
LC or other malignancies were recruited to act
as healthy controls. Written informed consents
were signed by all participators in advance.

RNA extraction and quantitative real-time poly-
merase chain reaction (QRT-PCR)

Total RNA was extracted from all tissue sam-
ples with TRIzol (Invitrogen, Carlsbad, CA, USA).
Then the first chain of cDNA was synthesized
using reverse transcriptase with High Capa-
city cDNA Reverse Transcription Kit (Takara,
Dalian, China). Quantitative PCR was perform-
ed on the cDNA using specific primers (Takara,
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Dalian, China). RT-PCR reaction was perform-
ed in the Applied Biosystems 7500 Fast Real-
Time PCR system (Applied Biosystems, Foster
City, CA, USA). PCR with the following primers:
CCAT1, Forward 5-TTGCTCACCTTACTGCCTGA-3’
and Reverse 5-CTCATAAGGAGCGCACAACC-3’;
SOX20T, Forward 5-AGAGGAGTTAGGCAAGTG-
GAGTGG-3' and Reverse 5-GAAGCAGGTGCT-
CATCAGAGGAAC-3’; 5srRNA, Forward 5-GTC-
TACGGCCATACCACCCTGAA-3" and Reverse 5'-
AAGCCTACAGCACCCGGTATTCC-3'. 5srRNA as
an internal control was used to normalize the
data to determine the relative expression of the
target genes. The reaction conditions were set
according to the kit instructions. After comple-
tion of the reaction, the amplification curve and
melting curve were analyzed. Gene expression
values are represented using the 2-22¢t method.
Data from two patients with non-small cell lung
cancer were deleted because the patient’s pa-
thological index is incomplete. Data from three
healthy samples were deleted because inflam-
mation of other organs is detected during phys-
ical examination.

Statistical analysis

All statistical analyses were performed using
GraphPad Prism 6.0 (GraphPad Software,
LaJolla, CA, USA) software. Receiver operating
characteristics (ROC) curve analysis was under-
taken to determine the best cutoff value for
NSCLC patients and control group levels to
achieve 95% specificity. All quantified data was
presented as mean = SD. All values are two
sided, P < 0.001 was regarded as statistical
significant.

Bioinformatics analysis

In order to more deeply explore the relationship
between clinical pathologic feature and Inc-
RNAs in breast and lung cancers, computer
analysis based on RNAProtein interaction pre-
diction (RPISeq) program, which used both ran-
dom forest (RF) and support vector machine
(SVM) classifiers were utilized to predict the
interaction between IncRNAs and breast can-
cer and lung cancer associated proteins. The
interaction probabilities generated by RPISeq
range from O to 1. If the predictions with prob-
abilities were > 0.5, we considered them posi-
tive, indicating that the corresponding RNA and
protein were likely to interact.
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Table 1. Correlation clinicopathological factors and CCAT1 expression

levels in NSCLC patients

AT1 and SOX20T expres-
sion, whereas patients

with lymph node metas-

Characteristics Numbers CCAT1-Low CCAT1-High P value ) )
Gender oarL asis were associated
wi igher an
ian';e i;’ 186 177 SOX20T, respectively (Fi-
gure 2A, P = 0.003) (Fig-
Age (years) 0386 yre 2B, P = 0.009).
<60 13 5 8
>60 35 17 18 Evaluation of CCAT1 and
Tumor size (cm) 0.429 SOX20T in serum as
<3cm 16 6 10 predictive NSCLC-related
>3cm 32 13 19 biomarkers
Histological classification 0.016 To i . h h
SCC (Squamou.s cell carcinoma) 17 5 12 azt;?i\;?[isczt;gz;eCéA?rlcaig
AD (adenocarcinoma or other) 31 11 20 SOX20T as potential bio-
TNM stage 0.615 markers for NSCLC, ROC
l'and Il 10 4 6 curves and the area un-
llland IV 38 15 23 der the ROC curves (AUC)
Lymph node metastasis 0.293 were performed on data
Negative 14 5 9 from all subjects, includ-
Positive 34 15 19 ing 48 NSCLC patients
History of smoking 0.007 and 48 healthy group.
Ever 22 8 14 Using ROC analyses, for
Never 26 10 16 NSCLC patients and con-
trols, 0.846 (95% CI:
0.766-0.926; P < 0.001),
Results for CCAT1 and 0.787 (95% Cl: 0.691-0.883;

Identification of IncRNA CCAT1 and SOX20T
implicated in NSCLC patients

Clinicopathological characteristics analyses we-
re shown in Tables 1 and 2. The median age
was 64.2 years (range 39-82). Approximate two
thirds of patients were male (n = 33), and 54%
of patients were never smokers (n = 26), and
65% of patients had nonsquamous histology (n
= 31).

To explore whether these NSCLC-related Inc-
RNAs could reach the circulation at levels suf-
ficient to be detectable, real-time PCR analysis
was performed to determine the expression
level of CCAT1 and SOX20T in 96 serum sam-
ples (48 NSCLC patients and 48 healthy do-
nors). We found that the expression of CCAT1
and SOX20T in NSCLC patients was conspicu-
ously higher than that of the healthy speci-
mens (P < 0.001, Figure 1A and 1B). Next, we
explored the correlation between the expres-
sion of CCAT1 and SOX20T and the clinicpa-
thological factors of patients with NSCLC. CC-
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P < 0.001) for SOX20T (Figure 3A and 3B). In-
triguingly, there is increasing evidence showing
that combination several tumor markers could
improve diagnostic accuracy [17]. We deter-
mined whether the combination of CCAT1 and
SOX20T could provide a more effective screen-
ing for NSCLC. The results indicated that combi-
nation of CCAT1 and SOX20T yielded a 0.894
(95% Cl: 0.825-0.963; P < 0.001), which was
significantly improved as compared to CCAT1
(AUC = 0.846) or SOX20T (AUC = 0.787) alone
(Figure 3C).

Prediction of interaction between IncRNAs and
cancer associated protein

RNA-protein interactions were proven to be
very important in transcriptional and post-
transcriptional regulation of gene expression.
Identifying novel RNA protein interactions will
add valuable information about the RNA-prote-
in interaction networks. RPISeq, a bioinformat-
ics method, can be used to predict RNA protein
interactions by using sequence analysis [18].
(http://pridb.gdcb.iastate.edu/RPISeq/). RPIS-
eq contained Random Forest (RF) and Support
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Table 2. Correlation clinicopathological factors and SOX20T expression levels in NSCLC patients

Characteristics Numbers SOX20T-Low SOX20T-High P value
Gender 0.825
Male 33 12 21
Female 15 5 10
Age (years) 0.544
<60 13 6 7
>60 35 11 24
Tumor size (cm) 0.737
<3cm 16 5 10
>3cm 32 12 20
Histological classification 0.028
SCC (Squamous cell carcinoma) 17 5 12
AD (adenocarcinoma or other) 31 12 23
TNM stage 0.169
land Il 10 2 6
Illand IV 38 15 25
Lymph node metastasis 0.033
Negative 14 4 10
Positive 34 13 21
History of smoking 0.246
Ever 22 11 11
Never 26 6 20
A 4 B 77 mm serNA A
97 = SsrRNA T 3 SOX20T
3. 3 CCATI 1C 6 T
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Figure 1. CCAT1 and SOX20T were detectable in tumor tissues and serum. CCAT1 (A) and SOX20T (B) expression
was examined by real-time PCR and normalized to 5srRNA expression in 48 pairs of NSCLC patients compared with

healthy samples. **, P < 0.01.

Vector Machine (SVM). In addition to clinical
pathologic features, TTF1, p63, Ck7, K-ras, and
EGFR are associated with the oncogenesis of
lung cancer. The results in this study showed
that IncRNA SOX20T had great possibility of
interaction with lung cancer associated pro-
teins, while IncRNA CCAT1 were predicted to
interact with functional protein except CK7. For
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example, EGFR was predicted to interact with
CCAT1 by RF (score = 0.85) and SVM (score =
0.89). EGFR was predicted to interact with
SOX20T by RF (score = 0.8) and SVM (score =
0.82). Detail results were shown in Figure 4. It
was suggested that interaction between Inc-
RNAs and some functional proteins may con-
tribute to the tumorigenesis.
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Figure 2. Comparison of IncRNAs CCAT1 (A) and
SOX20T (B) expression in NSCLC with lymph node
metastasis than in those with negative lymph node
metastasis. *, P < 0.05.

Discussion

NSCLC is commonly detected in late stages of
the disease. Biomarkers have the potential to
detect cancer at early stages, facilitating an
earlier and therefore more curative therapy that
ideally results in decreased mortality. In recent
years, INcCRNA differential expression profiles in
various cancers have been shown by microar-
ray studies, RNA-Seq, and quantitative reverse
transcription PCR (gRT-PCR). It is therefore sug-
gested that IncRNAs might be used as potential
biomarkers for cancer diagnosis and prognosis.
A great amount of IncRNAs have already been
revealed to correlate with various disease pro-
cesses, including carcinogenesis. INCRNA PVT1
were reported to be dysregulated and likely
played important roles in a variety of cancers.
PVT1 could be a novel biomarker for diagnosis
and prognosis of non-small cell lung cancer
[19]. Moreover, IncRNA H19 [20], CCHE1 [7],
HIT [21] were associated with the process of
NSCLC. In this study, we detected CCAT1 and
SOX20T levels in serum from NSCLC patients.
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The results of gRT-PCR showed that CCAT1 and
SOX20T levels were significantly upregulated in
serum compared to control group respective-
ly. Comparable results were achieved by Yin et
al., showing a upregulation of CCAT1 in patients
with NSCLC [11]. We used the ROC curve to
analyze the diagnostic value of serum CCAT1
and SOX20T. The results showed that the indi-
vidual AUC of CCAT1 and SOX20T for the diag-
nosis of NSCLC were about 0.846 and 0.787,
respectively. Intriguingly, the combination of
UCA and HIF1A-AS1 could provide a more ef-
fective screening for NSCLC. The results indi-
cated that combination of CCAT1 and SOX20T
yielded an AUC of 0.894, which was significant-
ly improved as compared to CCAT1 (AUC =
0.846) or SOX20T (AUC = 0.787) alone. As we
know, early discovery, early diagnosis, and early
treatment could greatly increase the survival
rate of cancer patients. Biomarkers in body
fluid have a potential capacity to detect can-
cers in early stage [22]. Measurements obta-
ined from tumor tissues and serums were str-
ongly correlated for CCAT1 and SOX20T. The
results suggested that serum samples were
acceptable for evaluation of NSCLC-related
biomarkers.

Indeed, the interaction between IncRNAs and
lung cancer associated proteins were suggest-
ed. EGRF is a potent mitogenic factor in a vari-
ety of cells, promoting epithelial cell prolifera-
tion. EGFR mutations were found in lung can-
cer. Alexander reported that patients with
malignant pleural effusion of lung adenocarci-
noma had increased frequency of EGFR and
KRAS mutations [23]. TTF1 is a transcription
termination code. The overexpression of TTF1
was associated with poor prognosis in pati-
ents with colorectal cancer [24]. P63 induced
expression of many p53-target genes that were
involved in cell-cycle arrest and apoptosis, so
p63 is useful in distinguishing non-small cell
lung carcinoma patients with or without EGFR/
KRAS mutation [25]. In this study, we found
RPISeq offered a convenient and inexpensive
method for computational construction of RNA-
protein interaction networks, and provided use-
ful insights into the function of long non-coding
RNAs.

Conclusions

In the present study, CCAT1 and SOX20T could
be detected in peripheral blood, showing dif-

Int J Clin Exp Pathol 2019;12(10):3975-3981
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Figure 3. The ROC curve of CCAT1 and SOX20T expression levels in serum for NSCLC diagnosis. ROC-CCAT1 (A) and
ROC-SOX20T (B) for detecting NSCLC from normal controls. ROC curves of a combination of CCAT1 and SOX20T to

discriminate NSCLC from normal controls (C).
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Figure 4. The scores of the interaction probability between IncRNAs and lung cancer associated protein predicted
by RPISeq. A. The scores of the interaction probability between CCAT1 and lung cancer associated proteins. B. The
scores of the interaction probability between SOX20T and lung cancer associated proteins.

ferent expression levels between NSCLC pati-
ents and cancer-free controls. It was demon-
strated that CCAT1 and SOX20 complied with
key characteristics of diagnostic biomarkers,
being minimally-invasive, exhibiting high speci-
ficity, and robustness. Moreover, the combina-
tion of CCAT1 and SOX20T had a higher posi-
tive diagnostic rate of NSCLC than CCAT1 or
SOX20T alone.
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