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Purpose: Papillary thyroid carcinoma (PTC) is the most common type of thyroid cancer.
LncRNA HOTAIR (HOx Transcript Antlsense RNA) and Galectin-3 are involved in PTC.
This study explored the clinical effect of IncRNA HOTAIR/Galectin-3 on PTC patients.
Methods: Subjects were assigned into PTC (160 cases) and benign thyroid tumor groups
(150 cases). Fasting peripheral venous blood was collected. LncRNA HOTAIR/Galectin-3
expressions in serum were detected. Subjects were assigned into HOTAIR/Glactin-3 high/
low expression groups and their correlation with age, gender, BMI, tumor size, pathological
stage, TSH, TPO-Ab, and TG-Ab in PTC was analyzed. Receiver operating characteristic
(ROC) curve was conducted on diagnostic efficacy of HOTAIR or/and Galectin-3. The
difference of area under the curve (AUC) was compared and analyzed.

Results: HOTAIR and Glactin-3 were higher in PTC group and correlated with tumor
pathological stage. Higher HOTAIR/Glactin-3 expression indicated a more advanced TNM
stage. LncRNA HOTAIR was positively correlated with TPO-Ab and TG-Ab. AUC of
HOTAIR for PTC diagnosis was 0.895, with 96.00% specificity and 80.63% sensitivity.
AUC of Glactin-3 for PTC diagnosis was 0.817, with 66.67% specificity and 78.75%
sensitivity. AUC of HOTAIR combining with Glactin-3 for PTC diagnosis was 0.969 with
96.00% specificity and 87.50% sensitivity. AUC of IncRNA HOTAIR was higher than that of
Glactin-3, while AUC of the combination was higher than that of IncRNA HOTAIR or
Glactin-3.

Conclusion: LncRNA HOTAIR and Glactin-3 were highly expressed in PTC. The combi-
nation detection of IncRNA HOTAIR/Glactin-3 had higher diagnostic efficiency on the
differential diagnosis of benign thyroid tumor and PTC.

Keywords: papillary thyroid carcinoma, LncRNA HOTAIR, Glactin-3, combination
detection, benign thyroid tumor, ROC curve analysis, diagnostic efficiency, TPO-Ab, PTC

Introduction

Thyroid cancer is a common malignancy in the endocrine system, which has
a sharply and continuously increasing incidence worldwide in the last decades.'
Histologically, thyroid cancer is mainly divided into three types, papillary thyroid
carcinoma (PTC), anaplastic thyroid cancer, and follicular thyroid cancer.® ® PTC is
the most prevalent histological form of the differentiated malignant tumor of the
thyroid, which is identified as the least aggressive form of thyroid tumor.’
Generally, most patients show a favorable postoperative prognosis as a well-
differentiated thyroid neoplasm and the PTC mortality rate is about 11-17%.°
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However, the clinical course of PTC is not obvious.
Typical PTC is characterized by papillary structure and
unique nuclear morphology, such as vitreous nucleus,
nuclear groove, and intranuclear inclusion body; however,
it is difficult to distinguish PTC from benign thyroid
lesions such as nodular goiter, Hashimoto’s thyroiditis
and papillary adenoma with papillary growth; at present,
the differential diagnosis markers of PTC and benign
thyroid tumor with papillary hyperplasia are CK19/
Galectin-3/HBMEI, but their sensitivity and specificity
are relatively low, so that their clinical application is
limited. Therefore, the differential diagnosis of PTC is
still difficult.” With the development of molecular biology
and the emergence of various biomarkers, many research-
ers try to find new molecular biomarkers for the early
diagnosis and prognosis evaluation of PTC. Therefore, it
is of vital importance to identify new diagnostic and prog-
nostic biomarkers for PTC patients.

Long noncoding RNAs (IncRNAs) are a kind of non-
translating RNAs with a length of more than 200 nucleo-
tides, which have stability in serum and other biological
fluids and play a role in various diseases and tissue
specificity'® LncRNAs regulate the expression of genes
and are involved in a variety of biological processes,
including cell migration, invasion, proliferation, apoptosis,
and cell cycle, and are aberrantly expressed in the process
of tumorigenesis, especially in PTC.'" HOx Transcript
Antlsense RNA (HOTAIR) has been reported to be over-
expressed in serum of PTC patients with lymph node
metastasis.'> Notably, IncRNA HOTAIR plays a role in
the malignant biological behaviors of PTC through regu-
lating the miR-488-5p/NUP205 axis.'* LncRNA-HOTAIR
in tissue samples of PTC patients has been recommended
for the prognosis of PTC.'* However, the clinical diagnos-
tic value of serum IncRNA-HOTAIR for PTC has not been
reported.

Galectin-3 is a carbohydrate-binding protein, which
plays a role in the processes related to the progression
and metastasis of tumors including malignant cell beha-
viors, dynamic cellular transformation, and heterotypic/
homotypic aggregation.'> Galectin-3 has been identified
to be a recognized tissue marker of PTC and has good
specificity in differentiating thyroid cancer, so it can be
used as a histological marker of thyroid cancer, which is
not expressed by normal thyroid cells and it has good
differential of thyroid
cancer.'® However, there are few studies on the value of

specificity in the diagnosis

Galectin-3 in the diagnosis and prognosis of PTC.'"'®

Whether serum Galectin-3 can be used as a biomarker
for the diagnosis of PTC remains to be studied.

Studies have reported that most IncRNAs can act as
microRNA (miRNA) sponges through the competitive
endogenous RNA (ceRNA) network, thus upregulating
the expression of downstream mRNA; without exception,
IncRNA HOTAIR has also been reported to play a role as
miR-206 ceRNA in neuroblastoma, ovarian cancer and
19721 miR-206 has been documented to be
significantly downregulated in PTC.*> Moreover, the
RNAlnter database showed that miR-206 had a targeted
binding relationship with Galectin-3 (http://www.rna-

other diseases.

society.org/rnainter/php mysql/more.php?raid=
RR03364696). Based on the above analysis, we speculated
that IncRNA HOTAIR might play a role in PTC by reg-
ulating Galectin-3 expression through the ceRNA mechan-

ism. However, there is no domestic and foreign report at
present on the diagnostic value of serum IncRNA
HOTAIR and its combination with Galectin-3 in differen-
tiating benign thyroid tumors from PTC. This study set out
to investigate the diagnostic efficacy of IncRNA HOTAIR
combined with Glactin-3 in PTC, to provide some refer-
ence for the diagnostic value of differentiating benign
thyroid tumors from PTC.

Materials and Methods

Ethics Statement

The clinical study protocol was designed and implemented
following the relevant provisions of the Helsinki Declaration
on the protection of the rights and interests of subjects and the
experiments were authorized by the academic ethics com-
mittee of The First People’s Hospital of Yunnan Province
(Kunhua Hospital Affiliated to Kunming University of
Science and Technology). All procedures were strictly imple-
mented according to the code of ethics. All subjects involved
were fully informed of the objective of the study and signed
the informed consent before sampling.

Study Subjects and Sample Collection

The clinical data of 310 patients with thyroid tumor who
accepted surgical resection in The First People’s Hospital of
Yunnan Province (Kunhua Hospital Affiliated to Kunming
University of Science and  Technology) from
December 2015 to December 2020 were collected.
According to the pathology after the operation, the subjects
were assigned to the PTC group (160 cases) and the benign
thyroid tumor group (control group, 150 cases, including 47
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cases of hyperplastic nodules, 37 cases of benign papillary
hyperplasia, and 66 cases of thyroid adenoma). Inclusion
criteria were as follows: 1) The clinical data were complete;
2) No special treatment (such as radiotherapy, chemother-
apy, hormone replacement therapy, etc.) was given before
operation; 3) The patients were confirmed to be PTC or
benign thyroid tumor according to postoperative pathology;
and 4) There was a clear pathological stage. Exclusion
criteria were as follows: 1) Patients were complicated with
other cancers; and 2) Patients were complicated with adrenal
diseases. Tumor-node-metastasis (TNM) staging standard
followed the 8th edition of the American Joint Committee
on Cancer classification system.”> After admission, 2 mL
fasting peripheral venous blood was collected immediately
and centrifuged at 2000 g at 4°C for 10 min. The supernatant
was transferred to the Eppendorf (EP) tube and stored at
—80°C. The samples were not in any freeze-thaw cycles
before this study.

Clinicopathological Parameters Detection
The levels of serum high-sensitive thyroid-stimulating
hormone (TSH), thyroid peroxidase antibody (TPO-Ab),
and thyroglobulin antibody (TG-Ab) were detected using
the Beckman DXI800 chemiluminescence method.

Total RNA Extraction and Reverse

Transcription Quantitative Polymerase
Chain Reaction (RT-qPCR)

The serum total RNA was extracted using TRIzol
reagent (Invitrogen, Carlsbad, CA, USA) And reverse
transcribed into ¢cDNA using PrimeScript RT reagent
kit (Takara Biotechnology Inc., Dalian, China). The
qPCR was performed using SYBR® Premix Ex
TaqTM 1II (Takara Biotechnology
ABI7900HT fast PCR real-time
Biosystems, Foster city, CA, USA). The reaction con-

Inc.) on the
system (Applied

ditions consisted of pre-denaturation at 95°C for 10
min and 40 cycles of denaturation at 95°C for 10 s,
annealing at 60°C for 20 s and extending at 72°C for

27AAC method.>* The primer sequences synthesized

by Sangon Biotech Co., Ltd., (Shanghai, China) are
shown in Table 1.

Enzyme-Linked Immunosorbent Assay
(ELISA)

The Galectin-3 content in serum was detected using an
ELISA kit (ZN2192, Biolab, Beijing, China). Each well
of the enzyme-coated plate was added with 10 pL serum
samples and 40 pL sample diluents, and then the plate
was sealed and bathed at 37°C for 30 min. After 5 times
of washing, the reaction plate was added with 50 pL
enzyme labeling reagent, and then sealed and bathed at
37°C for 30 min. After washing, the reaction plate was
added with 50 pL developer A and developer B. The
samples were mixed well and placed at 37°C in the dark
for 15 min. Each well was added with 50 pL termina-
tion solutions to terminate the reaction. The color was
altered from blue to yellow at this time. Finally, the
absorbance at a wavelength of 450 nm was measured
using a Multiskan™ FC microplate (Thermo Fisher
Scientific, Inc., Waltham, MA, USA). Serum Galectin-

3 level was calculated using the standard curve.

Statistical Analysis

SPSS 21.0 (IBM Corp. Armonk, NY, USA), GraphPad
Prism 8 (GraphPad Software), and MedCalc® version
15.0 (MedCalc Software Ltd, Ostend, Belgium) statistical
software were used for data analysis and mapping. The
variable data were expressed as mean + standard deviation
(continuous variable), or counting and percentage (catego-
rical variable). The T test or x* test was applied for com-
parison among groups. Receiver operating characteristic
(ROC) curve was used to analyze the diagnostic value of
IncRNA HOTAIR, Glactin-3, and their combination in
PTC. Binary logistic regression analysis was used to cal-
culate the joint predictor and the area under the ROC curve
(AUC) was analyzed using MedCalc-Comparison of ROC

34 s. With U6 as an internal parameter, the relative curves. A value of P < 0.05 indicated statistical
expression of the gene was calculated based on the significance.
Table | Primer Sequence

Gene Forward 5'-3’ Reverse 5'-3’

LncRNA HOTAIR GGTCTTGCCTCCTCTCTGTG CTCTGGCCAGGAAAAGAGTG
GAPDH CTCAGACACCATGGGGAAGGTGA ATGATCTTGAGGCTGTTGTCATA
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Results
Comparison of Baseline Data Between
PTC Patients and Benign Thyroid Tumor

Patients

A total of 310 subjects were included in this study, includ-
ing 150 cases in the benign thyroid tumor group and 160
cases in the PTC group. Among 160 cases of PTC patients,
85 patients had a tumor diameter of 2 cm or more
(53.13%), 88 patients had a single lesion (55.00%), 72
patients had multiple lesions (45.00%); 117 cases were in
the TNM stage I-1I (73.13%) and 43 cases were in stage
-1V (26.87%); 94 patients had lymph node metastasis
(58.75%), and 11 patients had distant metastasis (6.88%).
The clinical features of the PTC group and benign thyroid
tumor group were compared and analyzed. There was no
significant difference in age, gender, body mass index
(BMI), and TSH level between the two groups. The levels
of TPO-Ab and TG-Ab in the PTC group were signifi-
cantly higher than those in the benign thyroid tumor group
(Table 2).

LncRNA HOTAIR and Glactin-3 Were

Highly Expressed in PTC

The serum expression of IncRNA HOTAIR in the PTC
group and benign thyroid tumor group was detected
using RT-qPCR. The serum expression of IncRNA
HOTAIR in PTC patients was significantly higher than
that in patients with benign thyroid tumor (t = 15.47,
P < 0.01) (Figure 1A). The level of Galectin-3 in serum
was detected using ELISA. The serum Galectin-3 level
in PTC patients was also higher than that in patients
with benign thyroid tumor (t = 11.71, P < 0.01)
(Figure 1B).

Relationship Between IncRNA HOTAIR/
Glactin-3 and Clinical Baseline

Characteristics

To further study the correlation between IncRNA
HOTAIR/Glactin-3 and PTC, PTC patients were assigned
into a high expression group and a low expression group
according to the median expression of IncRNA HOTAIR
or Glactin-3, and the correlation analysis was performed
with the clinical indexes of PTC patients. The results
showed that patients in the IncRNA HOTAIR high
expression group had larger tumor diameter, more
advanced TNM stage and higher T stage, more lymph

Table 2 Comparison of Baseline Data Between PTC Patients
and Benign Thyroid Tumor Patients

Parameters Control PTC P
(N=150) | (N=160)
Age(years) <55 69 57 0.063
255 8l 103
Gender Male 56 6l 0.886
Female 94 99
BMI <24 80 96 0.236
224 70 64
Tumor size (cm) <2 - 75 -
2 - 85 -
Multifocality Unifocal - 88 -
Multifocal - 72 -
TNM stage -l - 117
-1V - 43
T stage TI-T2 83 -
T3-T4 77 -
Lymph node NO - 66 -
metastasis NI _ 94 _
Distant metastasis MI - 11 -
MO - 149 -
TSH (mUIL) 294 £ 325+ 0.399
0.68 0.71
TPO-Ab (U/L) 2.59 £ 378 = < 0.001
0.66 0.73
TG-Ab (U/L) 263 £ 355+ < 0.001
0.61 0.69

node metastasis, and higher TPO-Ab and TG-Ab expres-
sions (all P < 0.05), but with no correlation with age,
gender, BMI, multifocality, distant metastasis and TSH
expression (all P > 0.05) (Table 3). Patients in the
Glactin-3 high expression group were associated with
larger tumor diameter, more advanced TNM stage, and
higher T stage, more lymph node metastasis (all P <
0.05), but was not related to age, gender, BMI, multi-
focality, distant metastasis, TSH, TPO-Ab and TG-Ab
expressions (all P > 0.05) (Table 4).
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Figure | LncRNA HOTAIR and Glactin-3 were highly expressed in PTC. Fasting peripheral venous blood was collected immediately after patient admission. (A) LncRNA
HOTAIR expression in serum of PTC group and benign thyroid tumor group was detected by RT-qPCR; (B) Galectin-3 expression in serum was detected using ELISA. The
data were expressed as mean * standard deviation. T test was used for comparison among groups. **P < 0.01.

LncRNA HOTAIR Combined with
Glactin-3 Had a High Diagnostic Value in

Differentiating Benign Thyroid Tumor
from PTC

To further study the diagnostic value of serum IncRNA
HOTAIR and Glactin-3 expressions in differentiating
benign thyroid tumors from PTC, the ROC curve was
used to analyze the diagnostic efficacy of IncRNA
HOTAIR, Glactin-3, and their combination. The results
demonstrated that the AUC of IncRNA HOTAIR for the
diagnosis of PTC was 0.895, the specificity was 96.00%,
and the sensitivity was 80.63% (P < 0.0001) (Figure 2A).
The AUC of Glactin-3 for the diagnosis of PTC was 0.817,
the specificity was 66.67%, and the sensitivity was 78.75%
(P < 0.0001) (Figure 2B). The AUC of the combination of
IncRNA HOTAIR and Glactin-3 for the diagnosis of PTC
was 0.969, the specificity was 96%, and the sensitivity was
87.50% (P < 0.0001) (Figure 2C). The area difference
analysis of AUC showed that the diagnostic efficiency of
IncRNA HOTAIR was significantly higher than that of
Glactin-3 (P = 0.0153), while that of the combination of
IncRNA HOTAIR and Glactin-3 was significantly higher

than IncRNA HOTAIR (P = 0.0001) and Glactin-3 alone
(P < 0.0001) (Figure 2D). These results indicated that
IncRNA HOTAIR combined with Glactin-3 had higher
diagnostic efficiency.

Discussion

The prevalence of thyroid cancer is increasing and PTC is
the most common subtype.”” Although its characteristics
are classically considered as an indolent clinical process
with long-term survival rates, some histological variants
can have aggressive behaviors and are related to poor
clinical outcomes.?® Therefore, it is of vital importance
to study the mechanism and the diagnostic markers of
PTC. Evidence has shown that IncRNA HOTAIR and
Glactin-3 play an essential role in PTC. This study found
that IncRNA HOTAIR combined with Galectin-3 had
a high diagnostic value in differentiating benign thyroid
tumor from PTC.

The examination for thyroid includes the blood tests
of TG-Ab and TPO-Ab.?” Our results demonstrated
that there was no significant difference in age, gender,
BMI, and TSH level between PTC patients and benign
thyroid tumor patients. The levels of TPO-Ab and TG-
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Table 3 Relationship Between IncRNA HOTAIR Expression and
Clinical Baseline Characteristics in PTC Patients

Table 4 Relationship Between Glactin-3 Expression and Clinical
Baseline Characteristics in PTC Patients

Parameters Total LncRNA HOTAIR P Parameters Total LncRNA HOTAIR P
High Low High Low
(N=80) (N=80) (N=80) (N=80)
Age(years) <55 57 31 26 0.409 Age(years) <55 57 33 24 0.137
255 103 49 54 =55 103 47 56
Gender Male 61 35 26 0.143 Gender Male 6l 32 29 0.625
Female 99 45 54 Female 99 48 51
BMI <24 96 45 51 0.333 BMI <24 96 46 50 0.519
224 64 35 29 224 64 34 30
Tumor size <2 75 27 48 0.001 Tumor size (cm) <2 75 26 49 <
(cm) 0.001
2 85 53 32 22 85 54 31
Multifocality Unifocal 88 45 43 0.751 Multifocality Unifocal 88 41 47 0.340
Multifocal 72 35 37 Multifocal 72 39 33
TNM stage -1l 117 50 67 0.0042 TNM stage -l 117 52 65 0.020
-1V 43 30 13 -1V 43 28 )
T stage TI-T2 83 28 55 <0.001 T stage TI-T2 83 30 53 <
0.001
T3-T4 77 52 25 T3-T4 77 50 27
Lymph node NO 66 20 46 <0.001 Lymph node NO 66 20 46 <
metastasis metastasis 0.001
NI 94 60 34 NI 94 60 34
Distant M I 6 5 0.755 Distant MI Il 6 5 0.755
metastasis metastasis
MO 149 74 75 MO 149 66 83
TSH (mUIL) 325+ 3.17 £ 333 % 0.156 TSH (mUIL) 325 324 + 326 % 0.859
0.71 0.69 0.73 0.71 0.75 0.67
TPO-Ab (U/L) 378 391 £ 3.65 % < 0.024 TPO-Ab (U/L) 378 £ 389 + 3.67 £ 0.055
0.73 0.75 0.69 0.73 0.73 0.71
TG-Ab (U/L) 355+ 3.69% 341 £ 0.010 TG-Ab (U/L) 355+ 3.56 + 354+ 0.855
0.69 0.67 0.68 0.69 0.71 0.67

Ab in PTC patients were significantly higher than those
in patients with benign thyroid tumor. Consistently,
TPO-Ab and TG-Ab levels are elevated in the serum
of PTC patients.”® In conclusion, PTC patients and
benign thyroid tumor patients showed different clinical
indexes.

LncRNA HOTAIR is coded from homebox C gene
locus and is involved in the progression and develop-
ment of a variety of malignancies.”” LncRNA HOTAIR
plays a crucial role in PTC."? Galectin-3 is identified to

be a histological marker of thyroid cancer.'® However,

the mechanism of IncRNA HOTAIR and Galectin-3
affecting PTC clinical features remains unknown. Our
results showed that serum expressions of IncRNA
HOTAIR and Galectin-3 in PTC patients were signifi-
cantly higher than those in patients with benign thyroid
tumor. Consistently, the expression of HOTAIR in PTC
tissues is higher than that in normal tissues.?’ Briefly,
IncRNA HOTAIR and Glactin-3 were highly expressed
in PTC. Then, we analyzed the correlation between
IncRNA HOTAIR/Glactin-3 and the clinical indicators,
and found that patients with high IncRNA HOTAIR
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Figure 2 LncRNA HOTAIR combined with Glactin-3 had higher diagnostic efficiency in differentiating benign thyroid tumor from PTC. (A) ROC curve analysis of diagnostic
efficacy of IncRNA HOTAIR; (B) ROC curve analysis of diagnostic efficacy of Glactin-3; (C) ROC curve analysis of diagnostic efficacy of the combination of LncRNA HOTAIR
and Glactin-3; (D) ROC curve was used to compare the diagnostic efficacy of IncRNA HOTAIR, Glactin-3, and their combination.

expression had a larger tumor diameter, more advanced
TNM stage, higher T stage, more lymph node metasta-
sis, and higher TPO-Ab and TG-Ab expressions, but
with no correlation with age, gender, BMI, multifocality,
distant metastasis, and TSH expression. Another study
that IncRNA
HOTAIR expression is correlated with the clinical indi-
cators including pathological stage and lymph node
metastasis in patients with PTC.'**° Moreover, patients

also manifested consistent findings

with high Glactin-3 expression were correlated with
larger tumor diameter, more advanced TNM stage, and
more lymph node metastasis, but with no correlation
with age, gender, BMI, multifocality, T stage, distant
metastasis, TSH, TPO-Ab, and TG-Ab expressions.
There is a higher rate of positive Galectin-3 expression

in thyroid cancer patients with lymph node metastasis.*'

Altogether, IncRNA HOTAIR and Glactin-3 were asso-
ciated with clinical parameters of PTC patients.
LncRNA-HOTAIR in tissue samples of patients with
PTC has been recommended for PTC prognosis.'*
Galectin-3 is recognized as a tissue marker of PTC and
has  good thyroid
cancer.'®'®32 However, there are few studies on the clin-
ical significance of serum Galectin-3 value in PTC. The
clinical significance of IncRNA-HOTAIR serum value and
its combination with Galectin-3 in PTC has not been
reported. To further study the clinical significance of
IncRNA HOTAIR/Glactin-3 expressions in PTC, we ana-
lyzed the diagnostic efficacy of IncRNA HOTAIR or/and
Glactin-3. Our results demonstrated that the AUC of
IncRNA HOTAIR for PTC diagnosis was 0.895, the spe-
cificity was 96%, and the sensitivity was 80.63%. The

specificity in  differentiating
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AUC of Glactin-3 for PTC diagnosis was 0.817, the spe-
cificity was 66.67%, and the sensitivity was 78.75%. The
AUC of the combination of IncRNA HOTAIR and
Glactin-3 for PTC diagnosis was 0.969, the specificity
was 96%, and the sensitivity was 87.50%. These results
suggested that the AUC of IncRNA HOTAIR was signifi-
cantly higher than that of Glactin-3, while the AUC of the
combination of IncRNA HOTAIR and Glactin-3 was sig-
nificantly higher than that of IncRNA HOTAIR and
Glactin-3 alone. In brief, IncRNA HOTAIR combined
with Glactin-3 had higher diagnostic efficiency for PTC.
In summary, this study supported that the combination of
IncRNA HOTAIR and Glactin-3 had higher diagnostic effi-
ciency, which provided some reference for the clinical diag-
nosis of PTC. We retrospectively analyzed the relationship
between IncRNA HOTAIR, Glactin-3, and the clinical fea-
tures of PTC in a relatively small cohort. Further study on
the molecular mechanism of overexpression of IncRNA
HOTAIR and Glactin-3 would help to verify our results. In
this study, we only analyzed that the detection of IncRNA
HOTAIR combined with Glactin-3 had higher diagnostic
efficiency for PTC. The combined diagnostic value of
IncRNA HOTAIR and other possible factors, and the com-
bined diagnostic value of Glactin-3 and other differentially
expressed IncRNAs, remain to be further explored.
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