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Abstract

Background: Circular RNA_0015278 (circ_0015278) inhibits the progression of sev-
eral cancers and is greatly reduced in papillary thyroid carcinoma (PTC) tissues com-
pared with benign thyroid lesions by microarray profiling. This study aimed to further
investigate the correlation of circ_0015278 with tumor characteristics and prognosis
in PTC patients.

Methods: Totally, 206 PTC patients who underwent tumor resection were retrospec-
tively enrolled; subsequently, circ_0015278 expression in their tumor and adjacent
tissues was detected by reverse transcriptional-quantitative polymerase chain reac-
tion. Besides, disease-free survival (DFS) and overall survival (OS) were calculated.
Results: Circ_0015278 was reduced in tumor tissues compared with adjacent tissues
(p < 0.001), and receiver operating characteristic analysis showed that it well discrimi-
nated tumor tissues from adjacent tissues (area under curve: 0.903, 95% confidence
interval: 0.874-0.932). Besides, higher tumor circ_0015278 expression was corre-
lated with absence of extrathyroidal invasion (p = 0.036), lower pathological tumor
(pT) stage (p = 0.05), pathological node (pN) stage (p = 0.002), and pathological tumor-
node-metastasis (pTNM) stage (p = 0.001). Moreover, higher tumor circ_0015278
expression was associated with a reduced relapse rate (p = 0.011), but not mortality
rate (p = 0.110); meanwhile, it was also correlated with prolonged DFS (p = 0.017), but
not OS (p = 0.136). Additionally, multivariate Cox's regression analyses showed that
higher tumor circ_0015278 expression independently associated with favorable DFS
(p = 0.026, hazard ratio = 0.529).

Conclusion: Circ_0015278 is reduced in tumor tissues, while its’ higher expression
in tumor correlates with absence of extrathyroidal invasion, lower pT, pN, and pTNM

stage, as well as prolonged DFS in PTC patients.
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1 | INTRODUCTION

Papillary thyroid carcinoma (PTC) is the most prevalent endo-
crinal malignancy, which causes over 500 thousand newly diag-
nosed cases worldwide each year, and it is the fifth most common
cancer in females.»? Notably, the incidence of PTC has dramat-
ically increased in the past few decades in several countries in-
cluding China, which makes it a heavy burden on public health.??
Generally, PTC is a type of cancer with a good prognosis: the 5-
year survival rate of localized PTC is over 95%; however, PTC pa-
tients with distant metastasis have a 5-year survival rate of around
50%.%° Besides, over a quarter of PTC patients suffer from PTC
recurrence during long-time follow-up.*> Therefore, it is urgent
to search for novel biomarkers for the surveillance of disease pro-
gression and prognosis in PTC patients to potentially improve the
management toward them.

Circular RNA (circRNA) is a type of non-coding RNA that reg-
ulates various biological processes through sponging microRNAs
and regulating RNA binding proteins.®” Meanwhile, recent studies
reveal that circRNAs regulate various signaling to modulate the
pathogenesis and progression of cancers.® 1% Besides, circRNA is re-
garded as a potential, clinical biomarker for it is stable and easy to
extract.'>'2 In PTC, previous studies suggest that several circRNAs,
including circ_0002111, circ_0006156, and circ_0137287, serve as
clinical biomarkers and possess the potential to improve the man-
agement of PTC patients.is'15 Regarding circ_0015278, it is a newly
found circRNA that inhibits the progression of several cancers in-
cluding non-small cell lung cancer (NSCLC) and ovarian cancer.}®*’
Moreover, one previous study using microarray profiling finds that
circ_0015278 is greatly reduced in PTC tumor tissues compared
with benign thyroid lesions.'® Taken these information together, we
hypothesized that circ_0015278 could be a potential, clinical bio-
marker for PTC. However, no previous study had been conducted to
explore that to the best of our knowledge.

In this study, we retrospectively enrolled 206 PTC patients who
underwent resection. The aim of this study was to investigate the
correlation of circ_0015278 with tumor characteristics and progno-

sis in PTC patients.

2 | METHODS

2.1 | Subjects

This study retrospectively analyzed 206 PTC patients treated by
thyroidectomy in our hospital between March 2015 and February
2020. All patients with age above 18 years had a pathological diag-
nosis of PTC and met the following screening criteria: (i) surgically
resected tumor tissue and adjacent tissue were well-preserved and
available for RNA isolation; (ii) the main clinicopathological data
were complete; (i) postoperative follow-up data were available for
survival analysis. Patients who received treatment for PTC before
surgery or had a history of other malignant diseases were excluded

from the study. Permission for the study was acquired from the
Ethics Committee. The written informed consent was collected from

the patients or guardians.

2.2 | Data collection and specimen acquisition

The medical charts of PTC patients were reviewed for data collec-
tion. The data of age, gender, tumor size, extrathyroidal invasion
status, pathological T (pT) stage, pathological N (pN) stage, patho-
logical TNM (pTNM) stage, and adjuvant radioiodine therapy were
extracted from the medical charts for study analysis. The clinical
visit documents of patients were also reviewed, and the survival
data were abstracted for calculation of disease-free survival (DFS)
and overall survival (OS). In addition, the tumor tissues and adja-
cent tissues corresponding to each patient were obtained from the
sample library, which were all refrigerated and available for RNA
determination.

2.3 | Circ_0015278 determination

The tumor tissues and adjacent tissues were processed for the de-
termination of circ_0015278 by reverse transcription-quantitative
polymerase chain reaction (RT-qPCR). The procedures of RNA iso-
lation, reverse transcription, as well as gPCR were conducted as
described in a previous study.18 qPCR was triplicated for each sam-
ple. The cycling conditions were presented as follows: 95°C, 2 min
(1 cycle); 95°C, 5's, 60°C, 10 s (40 cycles). The following kits were
used in the RT-gPCR: TRIzol reagent (Thermo Fisher Scientific);
RNase R (Epicentre); iScript™ cDNA Synthesis Kit (with random
primer) (Bio-Rad); QuantiNova SYBR Green PCR Kit (QiaGen).
GAPDH was severed as the internal control gene. The relative ex-
pression of circ_0015278 was calculated using the 2722 method.
The primers were as follows: circ_0015278, forward primer
(5'=>3"): TGGCTGTGGCTGTGTTAGG; reverse primers (5'—=3'):
TTCATTGGTCTGTGGATCATATCG; GAPDH, primer
(5'>3'): GACCACAGTCCATGCCATCAC; reverse primers (5'=3'):
ACGCCTGCTTCACCACCTT.

forward

2.4 | Statistical analysis

Descriptive analysis for variable was carried out using number with
proportion, mean value with standard deviation (SD), or median value
with interquartile range (IQR). The circ_0015278 expression in the
tumor tissues was classified into four grades according to the quan-
tiles of relative expression: quantile 1 (Q1): 1%-25%; quantile 2 (Q2):
26%-50%; quantile 3 (Q3): 51%-75%; quantile 4 (Q4): 76%-100%.
Difference analysis of circ_0015278 between tumor and adjacent tis-
sues was performed by Wilcoxon signed-rank test; the receiver op-
erating characteristic (ROC) analysis was performed to evaluate the
effect of circ_0015278 in distinguishing tumor tissues from adjacent
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tissues; the association between tumor circ_0015278 expression
and clinical features was estimated by Linear-by-Linear Association
or Spearman's rank correlation test; DFS and OS were compared
among patients with different circ_0015278 expression grades using
the log-rank test. The prognostic value of circ_0015278 for PTC pa-
tients was assessed by univariate and multivariate Cox's proportional
hazard regression analysis. SPSS 24.0 (IBM) and GraphPad Prism
7.02 (GraphPad Software Inc.) were used for data processing and
chart making. p value < 0.05 was set as the threshold for statistical

significance.

3 | RESULTS

3.1 | Description of patients’ characteristics

The enrolled PTC patients consisted of 50 (24.3%) males and 156
(75.7%) females with a mean age of 43.9 + 11.3 years. Meanwhile,
the mean tumor size was 3.5 + 1.6 cm, and 84 (40.8%) patients
had extrathyroidal invasion while 122 (59.2%) patients did not.
Besides, 29 (14.1%) patients were of pT1 stage, 62 (30.1%) pa-
tients were of pT2 stage, 55 (26.7%) patients were of pT3 stage
and 60 (29.1%) patients were of pT4 stage; 69 (33.5%) patients
were of pNO stage and 137 (66.5%) patients were of pN1 stage;
111 (53.9%) patients were of pTNM | stage, 16 (7.8%) patients
were of pTNM Il stage, 47 (22.8%) patients were of pTNM Il stage
and 32 (15.5%) patients were of pTNM |V stage. Moreover, 57
(27.7%) patients received adjuvant radioiodine therapy but 149
(72.3%) did not (Table 1).

3.2 | Comparison of circ_0015278 expression
between tumor and adjacent tissues

Circ_0015278 expression was reduced in tumor tissues, median
value: 0.342 (0.222-0.573) compared with adjacent tissues, median
value: 1.001 (0.750-1.358) (p < 0.001) (Figure 1A). Besides, ROC
analysis revealed that circ_0015278 presented good value in differ-
entiating tumor tissues from adjacent tissues (AUC: 0.903, 95% Cl:
0.847-0.932) (Figure 1B) in PTC patients.

3.3 | Correlation of tumor circ_0015278 expression
with patients’ characteristics

Higher tumor circ_0015278 expression was correlated with
age < 45 years (p = 0.021), absence of extrathyroidal invasion
(p = 0.036), lower pT stage (p = 0.005), pN stage (p = 0.002), and
pTNM stage (p = 0.001). However, no correlation was found in
tumor circ_0015278 expression with gender (p = 0.404) or tumor
size (p = 0.117) (Table 2) in PTC patients. Meanwhile, the correlation
of tumor circ_0015278 with clinical characteristics in PTC patients
was also present in Figure S1A-G.

TABLE 1 Characteristics of patients with PTC

Items PTC patients (N = 206)
Age (years), mean = SD 439 +11.3
Gender, no. (%)

Male 50 (24.3)

Female 156 (75.7)
Tumor size (cm), mean = SD 3.5+1.6
Extrathyroidal invasion, no. (%)

Present 84 (40.8)

Absent 122 (59.2)
pT stage, no. (%)

pTl 29 (14.1)

pT2 62 (30.1)

pT3 55(26.7)

pT4 60 (29.1)
pN stage, no. (%)

pNO 69 (33.5)

pN1 137 (66.5)
pTNM stage, no. (%)

| 111 (53.9)

Il 16 (7.8)

1 47 (22.8)

v 32(15.5)
Adjuvant radioiodine therapy, no. (%)

No 149 (72.3)

Yes 57(27.7)

Abbreviations: pN, pathological node; pT, pathological tumor; PTC,
papillary thyroid carcinoma; pTNM, pathological tumor-node-
metastasis; SD, standard deviation.

3.4 | Correlation of tumor circ_0015278 expression
with relapse and mortality rate

Higher tumor circ_0015278 expression was correlated with lower re-
lapse rate (p = 0.011; Figure 2A). However, no correlation was found
in tumor circ_0015278 expression with mortality rate (p = 0.110;
Figure 2B) in PTC patients.

3.5 | Correlation of tumor circ_0015278 expression
with DFS and OS

Higher tumor circ_0015278 expression was correlated with prolonged
DFS (p = 0.017) (Figure 3A), while no correlation was found in it with
OS (p = 0.136) (Figure 3B) in PTC patients. After adjustment by for-
ward stepwise multivariate Cox's regression analyses, higher tumor
circ_0015278 (p = 0.026, HR = 0.529) was independently correlated
ameliorated DFS (Table 3), but not OS (Table 4). Besides, it was also
found that higher pTNM stage (p = 0.017, HR = 1.766) was indepen-
dently correlated with shorter DFS (Table 4), and tumor size (>4 cm vs.
<4 cm) (p = 0.012, HR = 14.835) was independently correlated with
unfavorable OS (Table 4) in PTC patients.
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FIGURE 1 Circ_0015278 expression
in PTC patients. A, Comparison of

— Circ_0015278 expression
0.0 AUC: 0.903, 95%Cl: 0.874-0.932

circ_0015278 between tumor tissues and
adjacent tissues. B, Value of circ_0015278
in discriminating tumor tissues from
adjacent tissues. Circ_0015278: circular
RNA_0015278; AUC, area under curve;
Cl, confidence interval; PTC, papillary
thyroid carcinoma
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TABLE 2 Correlation of circ_0015278 expression with PTC patients’ characteristics

Circ_0015278 expression

Items Q1 (1%-25%) (n = 52)

Age, no. (%)

<45 years 23 (44.2) 23 (45.1)

245 years 29 (55.8) 28 (54.9)
Gender, no. (%)

Male 12(23.1) 17 (33.3)

Female 40(76.9) 34 (66.7)
Tumor size, no. (%)

<4 cm 31(59.6) 30(58.8)

>4 cm 21 (40.4) 21(41.2)
Extrathyroidal invasion, no. (%)

Absent 25(48.1) 29 (56.9)

Present 27 (51.9) 22 (43.1)
pT stage, no. (%)

pT1 9(17.4) 2(3.9)

pT2 5(9.6 20(39.2)

pT3 9 (36.5) 13(25.5)

pT4 19 (36.5) 16 (31.4)
pN stage, no. (%)

pNO 12(23.1) 13(25.5)

pN1 40(76.9) 38 (74.5)
pTNM stage, no. (%)

| 5(48.1) 23(45.2)

I 1(1.9) 4(7.8)

1] 5(28.8) 15(29.4)

\% 11(21.2) 9 (17.6)

Q2 (26%-50%) (n = 51)

Q3 (51%-75%) (n = 52) Q4 (76%-100%) (n = 51)  p Value
26 (50.0) 34(66.7) 0.021
26 (50.0) 17 (33.3)
11(21.2) 10 (19.6) 0.404
41 (78.8) 41 (80.4)
32(61.5) 38 (74.5) 0.117
20 (38.5) 13(25.5)
34 (65.4) 34(66.7) 0.036
18 (34.6) 17 (33.3)
7 (13.5) 11 (21.6) 0.005
8(34.6) 19 (37.2)
2(23.1) 11(21.6)
5(28.8) 10 (19.6)
19 (36.5) 25 (49.0) 0.002
33(63.5) 26 (51.0)
27 (51.9) 6(70.6) 0.001
5(9.6) 6(11.8)
8(15.4) 9 (17.6)
12(23.1) 0(0.0)

Abbreviations: pN, pathological node; pT, pathological tumor; PTC, papillary thyroid carcinoma; pTNM, pathological tumor-node-metastasis; Q1,

quantile 1; Q2, quantile 2; Q3, quantile 3; Q4, quantile 4.

4 | DISCUSSION

Circ_0015278 is a newly found circRNA that inhibits the progres-
sion of several cancers.'®' For instance, in NSCLC, circ_0015278
overexpression reduces cell proliferation through sponging micro-
RNA-1228 (miR-1228).2 In ovarian cancer, circ_0015278 represses

cell proliferation and metastasis through miR-1228/p53/epithelial-
mesenchymal transition (EMT) signaling.?” Clinically, circ_0015278
is identified to be decreased in PTC tissues compared with benign
thyroid lesions'®; while this finding should be verified with larger
sample size. Therefore, we retrospectively enrolled 206 PTC pa-

tients and confirmed that circ_0015278 was reduced in PTC tissues
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TABLE 3 Cox's regression analysis of variables associated with DFS TABLE 4 Cox's regression analysis of variables associated with

Cox's proportional hazard regression 0s.
model Cox's proportional hazard regression
95% Cl model
()
Parameters p Value HR Lower Higher st
Univariate Cox's regression Parameters pValue HR Lower  Higher
Higher circ_0015278  0.004 0.460 0.271 0.780 Univariate Cox's regression
expression Higher circ_0015278  0.059 0493  0.237 1.027
Age (245 years vs. 0.012 6.737 1.531 29.655 expression
<45 years) Age (245 years vs. 0.092 6074 0747  49.398
Gender (male vs. 0.107 2.254 0.839 6.058 <45 years)
female) Gender (male vs. 0.545 1557  0.371 6.543
Tumor size (>4 cm vs. 0.052 2.671 0.990 7.206 female)
=4 cm) Tumor size (>4 cmvs.  0.012 14.835 1.815  121.243
Extrathyroidal 0.080 2.472 0.898 6.809 <4 cm)
invasion (present Extrathyroidal 0.057 4751 0953  23.682
vs. absent) invasion (present
Higher pT stage 0.036 1.775 1.037 3.040 vs. absent)
Higher pN stage 0.067 3.999 0.908 17.606 Higher pT stage 0.040 2.546  1.043 6.216
Higher pTNM stage 0.002 2.014 1.284 3.159 Higher pN stage 0.188 4,091 0.502 33.325
Adjuvant radioiodine  0.994 1.004 0.348 2.894 Higher pTNM stage 0.029 2.081 1.080 4.009
therapy (ves vs. Adjuvant radioiodine  0.691 1.338  0.319 5.607
no) therapy (yes vs.
Forward stepwise multivariate Cox's regression no)
Higher circ_0015278  0.026 0.529 0.302 0.925 Forward stepwise multivariate Cox's regression
Sl Tumor size (>4 cmvs.  0.012 14.835 1.815  121.243
Higher pTNM stage 0.017 1.766 1.107 2.817 <4 cm)
Abbreviations: Cl, confidence interval; DFS, disease-free survival; HR, Abbreviations: Cl, confidence interval; HR, hazards ratio; OS, overall
hazards ratio; pN, pathological node; pT, pathological tumor; pTNM, survival; pN, pathological node; pT, pathological tumor; pTNM,

pathological tumor-node-metastasis. pathological tumor-node-metastasis.
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compared with adjacent tissues. A possible explanation might be
that: circ_0015278 high expression might serve as the sponge of
miR-1228 to enhance the activity of wild type p53 (as in ovarian can-
cer®), and the latter one is the key suppressor of thyroid tumorigen-
esis.r” Meanwhile, other previous studies also suggest that several
circRNAs are dysregulated in PTC.131°

As to the correlation of circ_0015278 with the clinical char-
acteristics of cancer patients, one previous study suggests that
circ_0015278 is negatively correlated with lymph node metastasis in
NSCLC patients. In the present study, we found that higher tumor
circ_0015278 was associated with absence of extrathyroidal inva-
sion, lower pT stage, pNO stage, and reduced pTNM stage in PTC
patients. These findings could be explained by that: (1) circ_0015278
might suppress PTC growth (as in NSCLC®), which resulted in lower
pT stage; (2) circ_0015278 could sponge miR-1228 to decrease
the EMT of PTC cells (as in ovarian cancer cells'’); thus, it was cor-
related with absence of extrathyroidal invasion and pNO stage; (3)
circ_0015278 might regulate the miR-1228/p53/EMT signaling to
suppress PTC cell proliferation, migration, and invasion (as in ovar-
jan cancer cells and NSCLC cells*®'), and thus comprehensively
repressing the progression of PTC. Therefore, higher circ_0015278
was correlated with lower pTNM stage in PTC patients.

The prognostic value of circ_0015278 in patients with NSCLC
or ovarian cancer has been revealed by previous studies that
circ_0015278 shows positive correlations with overall survival in pa-
tients with NSCLC or ovarian cancer.'®'” While in PTC, no previous
study had been conducted to explore that. Therefore, we conducted
this study and found that higher tumor circ_0015278 was associated
with lower relapse rate and higher DFS, and it was an independent
predictive factor for higher DFS. However, no correlation was found
in tumor circ_0015278 with mortality rate or OS, and it could not in-
dependently predict OS. These data might be explained by that: (1)
circ_0015278 was correlated with absence of extrathyroidal invasion
and pNO stage, and the latter ones are potential risk factors for PTC re-
currence??; therefore, higher circ_0015278 was correlated with lower
relapse rate, longer DFS, and it independently predicted favorable
DFS; (2) higher circ_0015278 might increase drug sensitivity, thus en-
hancing the prognosis of PTC patients; (3) PTC is characterized by low
mortality,1 besides, considering that the follow-up period of this study
was not quite long, the difference of OS among PTC patients with
different quantile of tumor circ_0015278 was not obvious enough to
observe the statistical significance. Thus, no correlation was found in
tumor circ_0015278 with OS in PTC patients in this study.

There were several limitations in this study. First, the long-term
follow-up duration of this study was relatively short, and the long-
term prognostic value of circ_0015278 in PTC patients might be in-
vestigated further. Second, this study only investigated the clinical
role of circ_0015278 from PTC tissues, while the clinical value of
circ_0015278 from other sources such as peripheral blood, thyroid
cyst fluid, or urine of PTC patients could be explored in further stud-
ies. Third, the molecular mechanisms of circ_0015278 in regulating
the progression of PTC were not included in this study, which could
be explored further.

Conclusively, circ_0015278 is insufficiently expressed in PTC
tissues, and its higher expression correlates with absence of extra-
thyroidal invasion, decreased tumor stages, lower relapse rate, and
prolonged DFS in PTC patients. The findings of this study imply
circ_0015278 may serve as a potential biomarker to improve the
management of PCT patients.
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