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The combination of circRNA-UMAD1 and Galectin-3 in
peripheral circulation is a co-biomarker for predicting
lymph node metastasis of thyroid carcinoma
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Abstract: The diagnosis of lymph node metastasis (LNM) by liquid biopsy is a novel concept prompted by the neces-
sity to develop a more convenient and accurate method to guide the clinical management of early LNM in papillary
thyroid carcinoma (PTC). However, the sensitivity and specificity of many biomarkers are not high enough. We aimed
to detect circRNAs from peripheral circulation that may be better associated with the prognosis of LNM in PTC. First,
Galectin-3 (Gal3) in blood was determined to be highly expressed in LNM patients. Second, based on a bioinformat-
ics analysis and miRNA sequencing analysis from 2 paired primary and LNM tumors, miR-873 was identified to di-
rectly target Gal3, which was significantly associated with clinical parameters including LNM. Third, from additional
circRNA sequencing, circRNA-UMAD1 was selected as a specific sponge for miR-873 and was correlated with Gal3
levels in peripheral circulation. Fourth, circRNA-UMAD1 and Gal3 were identified to have stronger co-biomarker
potential with relatively high expression in the serum of LNM patients compared with primary tumor patients, as
demonstrated by the RNA expression levels in the serum of 50 PTC patients with or without LNM by quantitative
real-time PCR. Overall, the combination of circRNA-UMAD1 and Gal3 is a useful and effective co-biomarker for the
prognosis of LNM in PTC patients. This new molecular typing method for LNM in PTC is more precise.
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Introduction Liquid biopsy is a novel method for finding
new strategies to better understand the pro-
gression of thyroid carcinoma [8] and may pre-
dict features of lymph node metastasis (LNM)
in advanced PTC patients, such as serum P53
protein expression [9]. New driver genes and
the presence of mutations in tumors were fou-
nd easily [10, 11]. Therefore, a sensitive, con-
venient and efficient prediction system from
peripheral circulation would be viable and valu-
able for LNM in PTC.

The risk factors for rapid growth and early me-
tastasis of papillary thyroid carcinoma (PTC)
have been assessed to strongly predict the
patient advantage of thyroidectomy with or
without lymphadenectomy in the last decade
[1, 2]. However, the value of molecular analy-
ses of PTC tissues and laboratory blood tests
is not yet fully appreciated. The safety and effi-
ciency of liquid biopsy have been demonstra-
ted in recent years [3] with the development of

molecular diagnostic techniques in many solid
tumors [4], such as lung cancer and liver can-
cer, that have low detection rate due to lack of
adequate tumor tissues, pathological histolo-
gical limitations, and long monitoring periods.
However, this technology is seldom used in thy-
roid carcinoma and has been limited to miR-
NAs, BRAF and P53 mutations [5-7].

Circular RNAs (circRNAs) are widely involved in
human tumor tissues and developmental and
disease processes [12]. CircRNAs are also in-
volved in gene regulation in PTC [13]. As a new-
ly identified class of noncoding RNA molecules,
circRNAs can function in various ways, such as
sponge MiRNAs to release the inhibitory effect
of miRNA targets [14], translate specific pep-



CircRNA UMAD1 and Galectin-3 predict LNM of PTC

tides [15] or interact with RNA binding protein
for protein regulation [16]. In 2018, the differ-
ential landscape of circular RNA profiles in PTC
between tumor and adjust tissues was report-
ed by Lan, X and colleagues [17]. Based on cir-
cRNA sequencing, potential tumor biomarkers
were found, but not ones relevant to lymph
node metastasis in PTC. Hence, in this study,
we screened the sequencing data of primary
tumor and lymph node metastasis and identi-
fied circ-tUMAD1 as a possible circRNA that was
associated with the N stage and functioned as
a sponge for miRNA-873. As a direct target of
miR-873, Gal3, a member of the beta-galacto-
side-binding protein family, was upregulated in
lymph node metastatic samples, which was
validated in peripheral circulation. Gal3 func-
tions as a modulator of cell growth through its
galactoside-binding function and is correlated
with the occurrence and metastasis of papill-
ary thyroid carcinoma [18, 19]. In our previous
study, we found that secreted Gal3 was str-
ongly associated with tumor malighant behav-
iors and the migration of tumor cells [20]. Chen
C and colleagues reported that circulating
Gal3 induced the secretion of metastasis-pro-
moting cytokines to participate in tumor gene-
sis [21]. Therefore, we are interested in secret-
ed Gal3 in serum to avoid unnecessary aggres-
sive interventions and propose to use it as a
potential marker for diagnosing LNM in PTC, as
Yilmaz E reported [22]. However, only detecting
Gal3 does not have sufficient diagnostic value
for PTC. We demonstrate that combining cir-
cRNA-UMAD1 and Gal3 expression analysis is
a more useful and accurate co-biomarker for
the prediction of LNM in patients with PTC and
warrants further studies of the potential roles
of this co-biomarker in PTC lymph node metas-
tasis.

Material and methods
Patients

Fifty papillary thyroid carcinoma (PTC) patients
who underwent thyroidectomy with or without
lymphadenectomy at the Peking University
Cancer Hospital (PUCH) were included in this
study. All of these patients had local primary
and metastatic PTC, which was diagnosed by
histological or cytological validation. All pati-
ents had a complete electronic medical case
history without an identified target lesion.
Random tissues from paired primary tumors
and lymph nodes were sequenced by Micrg-
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read Biotech Company, China using circRNA
and miRNA next generation sequencing tech-
nology. The entire samples were immediately
snap frozen in liquid nitrogen and stored at
-196°C after resection for subsequent experi-
ments. The acquisition and use of these tis-
sues were performed with informed consent
according to a protocol approved by the Ethics
Committee of PUCH.

Plasma sample preparation

Fresh peripheral blood samples were obtained
before surgery. Plasma samples were collected
within 2 hours in EDTA tubes and were isolated
by spin down. One aliquot of plasma samples
was immediately used for RNA extraction with-
out frozen, and the other aliquots were trans-
ported frozen to storage at -80.

miRNA extraction and circRNA enrichment

Total RNA, which included miRNA, was extract-
ed using the Qiagen miRNeasy Mini Kit (Qia-
gen, Hilden, Germany) from 300 ml fresh plas-
ma following the manufacturer’s protocol. To
enrich c¢fRNA, the samples were incubated
with 5 U RNase R for 30 minutes at 37°C in
a 20 ml reaction. Then, they were purified us-
ing a Qiagen RNeasy MiniElute Purification Kit
(Qiagen, Hilden, Germany) according the manu-
facturer as previously reported [23].

Reverse transcription and quantitative real-
time PCR

First strand cDNA was synthesized from 10 ng
RNA with an M-MLV transcription Kit (Qiagen)
with random primers according the manufac-
turer’s instructions. Quantitative PCR was per-
formed with PowerUp™ SYBR Green Mater Mix
(Applied Biosystems Thermo Fisher Scientific).
The forward and reverse sequences of circ-
RNA-UMAD1 primers and miR-873 were desi-
gned by RiboBio Biotechnology Company. Each
sample was analyzed in triplicate on the ABI
Prism 7500 Fast (Applied Biosystems) accord-
ing to the manufacturer’s instructions as previ-
ously reported. Data are presented as relative
quantification (RQ) to U6 or GAPDH, based on
28 values where ACt = Ct (Target) - Ct (Refer-
ence). Fold change was calculated by the 2
method.

Bioinformatic data mining

We downloaded TCGA TC RNA-Seq gene ex-
pression data, miRNA data and clinical data
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from the LinkedOmics website [24]. Predic-
tions of potential targets of miR-873 were per-
formed by computational algorithms based on
‘seed regions’ between mMIiRNAs and target
genes. miRanda (http://miRdb.org/miRDB/in-
dex.html), TargetScan (http://www.targetscan.
org), and miRGen v.3 (http://carolina.imis.athe-
na-innovation.gr/diana_tools/web/index.php?
r=miRgenv3%2Findex) were used in this study
[25-27]. We screened the miRNAs that were
significantly negatively correlated with overall
survival and N stage of patients with PTC in
The Cancer Genome Atlas (TCGA) dataset.
Predicting circRNAs that acted as sponges of
miRNAs was performed by website tools (Cir-
cular RNA Interactome from NIH) [28]. All
tumors had corresponding clinical data that
were used to perform the clinical correlation
and survival analysis. Fifty-five normal and
505 TC tissues had detectable Gal3 mRNA
expression. In total, 152 non-LNM PTC tissues
and 109 LNM PTC tissues had detectable hsa-
mir-873 expression. All 261 TC tumors with or
without LNM had clinical data that was used
for clinical correlation analysis.

Western blot analysis

Protein of tissues were extracted in an appro-
priate volume of lysis buffer (50 mM Tris pH
7.4, 150 mM NaCl, 1% NP-40, 0.25% sodium
deoxycholate. 0.1% SDS) supplemented with
1 mM PMSF, phosphatase inhibitor cocktail,
and Complete Mini Protease Inhibitor Cocktail
(Roche, Mannheim, Germany). Normal lymph
nodes and tumor metastasis lymph nodes
from patients No. 325, 353, 323 and 759 we-
re resolved and electroblotted onto nitrocellu-
lose membranes by 10% SDS-PAGE according
to standard protocols. The membranes were
incubated with primary antibodies specific to
Gal3 (Cell Signaling, #87985), NOTCH1 (Cell
Signaling, #3608), Hes1 (Cell Signaling, #11-
988), TGF-B1 (Abcam, ab92486), ErbB2 (Ab-
cam, ab237715), ErbB4 (Abcam, ab19391),
NF-kB (p65) (Abcam, ab7970) and GAPDH
(Bioworld BS606030), also corresponding sec-
ondary HRP-conjugated goat anti-rabbit (Jack-
son.US) were immunoreacted. The bands we-
re visualized by Immobilon™ Western Kit (Milli-
pore, Billerica, MA) using a MiniChemi imaging
system (Sagecreation, China).

Indirect dual immunofluorescence
Indirect dual immunofluorescent staining for

expression of Gal3 and ErbB4 in tumor and
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LNM slides was performed as described previ-
ously [20].

Secreted Gal3 expression in blood by ELISA
analysis

Gal3 activity in the peripheral blood from TC
cells was measured with an Amplite Fluorime-
tric Assay Kit (AAT Bioquest Inc., CA, USA) fol-
lowing the protocols provided by the manufac-
turer as described [20].

Luciferase reporter assay

The 3’-UTRs of Gal3 carrying the putative miR-
873 binding sites and the mutant binding sites
were amplified by PCR and were inserted im-
mediately downstream of the firefly luciferase
cDNA in the pGL3-control vector (Promega,
Madison, WI, USA) to construct pGL3-Gal3 WT
and pGL3-Gal3 MUT. For the luciferase assay,
10° cells per well were cultured in 24-well
plates. Using Lipofectamine 2000, the pGL3
constructs and the pRLTK plasmid, (Renilla
luciferase) were cotransfected with miR-873 or
miR-873 control (Invitrogen). The activities of
firefly luciferase and Renilla luciferase were
measured at 24 h posttransfection using a
Dual-Luciferase Reporter Assay Kit (Promega)
according to the manufacturer’s protocol. Firef-
ly luciferase activity was normalized to that of
Renilla luciferase for each sample. Each ex-
perimental group consisted of four wells, and
the experiment was repeated three times.

Statistical analysis

All experiments were performed independent-
ly in triplicate. The unpaired two-sided Stu-
dent’s t-test for independent samples with
Excel 2010 software was used to compare the
difference in circRNAs between two groups,
and data are presented as the median * range.
In the case of multiple comparisons, one-way
ANOVA followed by Bonferroni-Holm procedure
was applied. Correlation was performed using
two-tailed Spearman’s test. P<0.05 was con-
sidered significant.

Results

Gal3 in peripheral circulation is associated
with lymph node metastasis in PTC patients

Gal3 has been shown to serve as a potential
marker for LNM in PTC by analyzing a total of
424 patients across six eligible studies [18],
and it is highly expressed in thyroid cancer
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compared to many other solid cancers by ana-
lysis of data from The Human Protein Atlas,
which is a Swedish-based program aiming to
map all human proteins in cells and tissues of
17 main cancer types using data from 8000
patients (Figure 1A). Based on these observa-
tions, we decided to validate Gal3 expression
in peripheral circulation between patients who
were diagnosed with PTC with or without LNM
at PUCH. 12 men and 48 women aged from
24-63 were recognized PTC with one thyroid
side (44 cases) or both thyroid sides (6 ca-
ses) underwent thyroidectomy with (27 cases)
or without lymphadenectomy (23 cases). As
shown in Table 1 and Figure 1B, the levels of
Gal3 were highly significant in the blood of
LNM patients compared with no metastasis
patients. Gal3 levels were associated with cli-
nical LNM properties significant in the PUCH
samples (Figure 1C). Analysis of TCGA e data
on PTC showed that Gal3 was not only highly
expressed in PTC tumors compared with nor-
mal tissues (Figure 1D) but was strongly corre-
lated to stage and LNM (Figure 1E, 1F). These
data suggest that Gal3 is a useful biological
tool for diagnosing LNM in PTC. However, it
was not the best one among all the positively
correlated significant genes associated with
LNM (Figure 1G).

Enrichment of circRNAs and miRNAs in LNM
tissues

Because only detecting Gal3 had limitations
in predicting LNM, we propose that other ele-
ments are more sensitive biomarkers for LNM.
To determine the value of circulating circRNAs
and miRNAs, sequencing was performed to
identify which circRNAs and miRNAs were up-
regulated in LNM samples (Figure 2A), which
were verified to have LNM properties by pa-
thological diagnosis (Figure 2B). The normal-
ized intensities of the detected ceRNAs were
similar across all samples, and the heat map
shows that the different circRNAs and miRNAs
were divided into distinct groups of PTC pri-
mary tumors and LNM tumors (Figure 2C, 2D).
A total of 208 circRNAs and 134 miRNAs were
upregulated and 184 circRNAs and 86 miRNAs
were downregulated in the LNM group. KEGG
pathway analysis revealed many biological pro-
cesses involved in cancer and lymphoid tissues
for circRNAs and miRNAs, respectively (Figure
2E, 2F). ErbB, NOTCH, NF-kB and TGF-B path-
ways were analyzed by Western blot between
normal and metastasis of lymph node form PTC
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patients (Figure 2G), and IF were performed
that Galectin3 and ErbB4 protein levels were
strongly expressed in LNM of PTC (Figure 2H).
These results indicated that ceRNAs in circula-
tion could be used as biomarkers to predict
LNM potential and the clustering ceRNAs from
LNM implicated that involvement of ErbB and
NF-kB pathways were reasonable to LNM.

miR-873 is associated with Gal3

miRNAs are useful diagnostic indicators [29].
Using TCGA profiling data (Figure 3A), we fou-
nd that miR-873 was one of the top genes
associated with LNM in PTC patients, and miR-
873 was predicted to target Gal3 by screening
mMiRNA sequencing data and prediction analy-
ses by 3 miRNA databases (Figure 3B). Next,
we performed a luciferase reporter assay with
a vector containing the 3-UTR of Gal3 that
flanked the putative binding sites of miR-873
in Gal3. Mutations were generated in the puta-
tive binding sites, which were used as controls
(Figure 3C). As shown in Figure 3D, a statisti-
cally significant inhibition of luciferase activity
was observed in the wild-type Gal3 3-UTR
compared with the mutant construct or with
the cotransfection of pcDNA3.0. The inhibition
rate for the wild-type 3’-UTR of Gal3 was 57%
compared with the corresponding rate of the
mutant 3-UTR. Hence, the miR-873 binding
sites in the 3’-UTR of Gal3 were responsible for
the inhibition of reporter activity, which sug-
gests that miR-873 directly modulates the ex-
pression of this gene through its 3-UTR. More-
over, qRT-PCR analysis confirmed the expres-
sion of Gal3 in 293FT cells that were transfect-
ed with miR-873 mimic or inhibitor (Figure 3E,
3F). Furthermore, the circulating miR-873 was
validated by gRT-PCR in all serum samples.
Consistent with the TCGA data (Figure 3G, 3H),
the level of miR-873 was stronger in LNM pa-
tients than in primary PTC patients (Figure 3l).
Thus, miR-873 is a candidate for direct target-
ing of Gal3 and contributes LNM in PTC.

Circulating circRNA-UMAD1 acts as a miR-873
sponge

Based on the exploration of the differential
miR-873 expression in the circulation of PTC
patients with or without LNM, differentially
expressed circRNAs were screened with the
criteria of fold change >2, P value <0.05 and
association with miR-873 by website predic-
tion tools (Figure 4A, upper). Increasing evi-
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Figure 1. Circulating Gal3 is a potential target for the diagnosis of LNM. TCGA database analysis of the expression level of Gal3 in serval solid cancer indicated that
Gal3 is 100% positive in thyroid cancer, which is more than the rate in other cancers (A). The protein level of Gal3 in the serum of PTC patients was detected by ELISA
analysis, showing that LNM patients express more Gal3 (B). Gal3 expression is significantly related to LNM based on univariant analysis in 50 PTC patients (C). Se-
quencing TCGA data downloaded from the LinkedOmics website demonstrated that the RNA level of Gal3 is upregulated in tumor tissues (D), and is associated with
the stage of PTC (E) and LNM (F). Unsupervised hierarchical clustering heat map shows the expression of different genes between non-LNM and LNM PTC samples
(G). Unpaired t-test and One-way ANOVA multiple comparisons test were performed to obtain P values in comparisons of two or more groups. * indicates P<0.05.
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Table 1. Relationship between Gal3 expression and pathological features in PTC patients with or

without LNM
i Case Gal3 expression® (RQ: 2% Gal3 expression® (ACt)
Variable - p? P
no. Median Range Mean + SEM

Gender 0.2577 0.8048
Male 12 8.994 7.561-11.91 9.368+£0.4401
Female 38 8.231 6.614-13.06 8.751+0.2689

Age 0.4056 0.8592
<45 29 8.467 7.357-12.88 9.064+0.3095
>45 21 8.226 6.614-13.06 8.672+0.3487

Size 0.7896 0.7745
<2 24 8.143 7.364-12.88 8.723+0.3091
>2 26 8.335 6.614-13.06 8.840+0.3101

Side location 0.6465 0.2355
Single (Left or Right) 44 8.247 6.614-13.06 8.859+0.2571
Double 6 9.525 7.747-10.34 9.190+0.4093

Capsular invasion 0.8150 0.2407
Absent 26 8.326 6.614-13.06 8.952+0.3584
Present 24 8.250 6.792-12.42 8.842+0.2919

Vascular invasion 0.4873 0.1090
Absent 45 8.226 6.614-13.06 8.776+0.2449
Present 5 9.686 8.976-11.91 10.01+0.5044

Lymph node metastasis <0.0001" <0.0001"
Absent 23 7.898 6.614-8.976 7.895+0.1112
Present 27 9.686 7.537-13.06 9.754+0.3408

T stage 0.7788 0.7803
T1 42 8.247 6.614-13.06 8.870+0.2586
T2+T3 8 8.854 7.653-11.83 9.050+0.5225

Multifocality 0.9211 0.4667
Absent 34 8.231 6.792-13.06 8.782+0.2844
Present 16 8.948 6.614-12.42 9.147+0.4005

*Quantified by qRT-PCR. Gal3 was normalized to GAPDH. 2Mann-Whitney U test for the comparison between two groups or

Kruskal-Walis test for more groups. 2Unpaired Student’s t-test for the comparison between two groups. *P<0.05.

dence has indicated that circRNAs cloud act
as a sponge for miRNAs to limit miRNA func-
tion in PTC [30], and our bioinformatics analy-
sis identified 3 circRNAs hsa_circ_0000111,
hsa_circ_0000277, and hsa_circ_0001676
that were predicted to have putative binding
sites with a complementary region of miR-873
(Figure 4A, bottom). Using an HPA RNA-seq
normal tissues analysis (BioProject PRJEB43-
37) [31], two of the parent genes encoding
the circRNAs, hsa_circ_0000111 and hsa_
circ_0000277, were not considered for use
as targets because of the high background
levels in lymph nodes (Figure 4B). Ultimate-
ly, hsa_circ_0001676 was verified as a candi-
date for consideration. Furthermore, comple-
mentary binding was confirmed by dual-lucifer-
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ase reporter assay (Figure 4C, 4D). The nega-
tive correlation between hsa_circ_0001676
and miR-873 expression in PTC samples was
identified by Pearson’s correlation analysis
(Figure 4E). Thus, the above results indicate
that hsa_circ_0001676 directly targets miR-
873 and acts as a sponge to miR-873.

Circulating circRNA-UMAD1 has potential prog-
nostic value for diagnosis of LNM

To identify circRNA-miRNA associations is ben-
eficial for the diagnosis of LNM, and hsa_circ_
0001676 met screening criteria. The parent
gene of this circRNA encodes the protein UM-
AD1, which was associated with lymph node
expression in our PTC samples (Figure 5A).
Consistent with the sequencing results, the
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Figure 3. miR-873 was identified to act as an upstream regulator of Gal3. Unsupervised hierarchical clustering heat map of miRNA expression fold-change from
TCGA data shows the top 50 miRNAs with decreased expression in the LNM group. Nine miRNAs were consistent with our sequencing data, as shown by the black
arrow (A). A Venn diagram showing that miR-873 is a potential regulator of Gal3 and is related to LNM in PTC (B). The putative binding site of miR-873-5p on Gal3 is
shown, including the wild-type and mutated Gal3 3’-UTR sequences which were used to create the wild-type and mutant luciferase reporter constructs. The similarity
between 12 putative complementary binding sites (red letters) of the Gal3 3’-UTRs from different species (C). A luciferase reporter assay demonstrated that miR-
873 inhibited the transcription of the wild-type but not the mutant 3’-UTRs of Gal3 (D). The expression of endogenous Gal3 RNA was inhibited in miR-873-mimic-
infected HEK293 cells compared to the control, as detected by qRT-PCR and normalized to GAPDH mRNA (E), while it was increased in the miR-873 inhibitor group
(F). The RNA level of miR-873 was validated in LNM-positive tumor tissues compared to the negative control by analyzing the TCGA profile. NO: non-LNM; N1: LNM
(G). miR-873 was validated again in a different metastatic lymph node group, NO: non-LNM; N1<4; 4<N2<10; N3>10 (H). Relative expression of miR-873 in circula-
tion was detected by qRT-PCR between non-LNM and LNM patients (l). Unpaired t-test and one-way ANOVA multiple comparisons test were performed to obtain P
values in comparisons of two or more groups. * indicates P<0.05.
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Figure 4. Hsa-circRNA-UMAD1 acts as a miRNA sponge to directly target miR-873. Venn diagram identified circRNA-UMAD1 as a candidate sponge for miR-873
through prediction by a circRNA website tool and circRNA sequencing data (A). Three circRNAs were expressed in normal tissues from HPA-RNA sequencing (B). The
sequence alignment of the human circRNA sequence and miR-873 is shown. The mutated sequence in the corresponding binding sites of circRNA UMAD1 that was
used to generate the firefly luciferase reporter constructs is shown underneath the miR-873 set (C). A luciferase reporter assay was performed to detect the activity
of circRNA UMAD1 in HEK293 cells cotransfected with miR-873 or scramble control and circRNA UMADZ or vector (D). The correlation between the expression of
circRNA UMAD1 and miR-873 was evaluated by Person’s correlation test in 50 samples (r =-0.31, P = 0.023) (E).
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Figure 5. CircRNA UMAD1 is associated with LNM and Gal3 expression. Expression of hsa-circ-UMADZ1 quantified by at least three independent gRT-PCR experi-
ments in the cohort comparing non-LNM tumors (absent, n = 23) and LNM tumors (present, n = 27). Unpaired t-tests were performed to identify significant differ-
ences. The relative expression level of circRNA UMADZ1 was normalized to the level of B-actin (A). CircRNA UMAD1 expression was significantly related to LNM and
primary side location based on univariant analysis of 50 PTC patients, which is described in Table 1 (B). The correlation between the expression of circRNA UMAD1
and Gal3 was evaluated by Person’s correlation test (r = 0.35, P = 0.00138) (C). All data are expressed as the median * range with three independent experiments.
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Table 2. Relationship between circRNA UMADZ1 expression and pathological features in PTC patients

with or without LNM

. Case circ expression® (RQ: 24%) circ expression® (ACt)
Variable - p? P
no. Median Range Mean + SEM

Gender 0.4894 0.9755
Male 12 0.06594 0.0008924-0.1191 0.01513+0.009511
Female 38 0.004059 0.00002531-0.1166 0.01543+0.004626

Age (Year) 0.9027 0.7625
<45 29 0.005759 0.00002927-0.1191 0.01580+0.005646
>45 21 0.003521 0.00002531-0.1166 0.01476+0.006197

Size (cm) 0.5414 0.0757
<2 24 0.004412 0.00002927-0.1191 0.01666+0.006479
>2 26 0.003521 0.00002531-0.1158 0.01196+0.004329

Side location 0.0229" 0.0418"
Single (Left or Right) 44 0.004059 0.00002531-0.1191 0.01192+0.003844
Double 6 0.03045 0.003521-0.1158 0.04059+0.01801

Capsular invasion 0.0508 <0.0001"
Absent 26 0.003369 0.00002927-0.05336 0.007625+0.002654
Present 24 0.005922 0.00002531-0.1191 0.02374+0.007872

Vascular invasion 0.3858 0.0011"
Absent 45 0.004550 0.00002531-0.1191 0.01657+0.004567
Present 5 0.003521 0.00008110-0.009685 0.004460+0.001750

Lymph node metastasis 0.0101" <0.0001"
Absent 23 0.003521 0.00002531-0.01332 0.004117+0.0008956
Present 27 0.006754 0.0008924-0.1191 0.02494+0.007184

T stage 0.5033 0.0185"
T1 42 0.004770 0.00002531-0.1191 0.01659+0.004849
T2+T3 8 0.004412 0.001106-0.03983 0.008926+0.004516

Multifocality 0.0926 0.0041"
Absent 34 0.003825 0.00002531-0.1166 0.01058+0.003755
Present 16 0.005990 0.0004985-0.1191 0.02552+0.009953

*Quantified by qRT-PCR. Cric UMAD1 was normalized to U6. 2Mann-Whitney U test for the comparison between two groups or

Kruskal-Walis test for more groups. 2Unpaired Student’s t-test for the comparison between two groups. *P<0.05.

expression of hsa-circ-UMAD1 was higher in
the lymph node metastasis tumor than in the
primary tumor site. Fifty patients were further
analyzed by RT-PCR to determine the correla-
tion between the clinicopathological charac-
teristics and the levels of hsa-circ-UMAD1
(Figure 5B). No significant difference was ob-
served between hsa-circ-UMAD1 expression
levels based on gender, age, tumor size and
vascular invasion. However, the expression of
hsa-circ-UMAD1 in the LNM samples was sig-
nificantly higher than that in primary samples
without local tumor invasion (Table 2). In addi-
tion, hsa-circ-UMAD1 and Gal3 expression lev-
els were significantly correlated with a high R
value (0.35, P<0.0138) (Figure 5C). Thus, hsa-
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circ-UMAD1 is a candidate biomarker for pre-
dicting the potential risk of LNM in PTC.

ROC curve analysis of circRNA-UMAD1 and
Gal3

To assess whether the identified circulating cir-
cRNA-UMAD1 and Gal3 can serve as potential
diagnostic biomarkers for LNM in PTC, ROC
curves were generated for qRT-PCR-validated
samples. Separating circRNA-UMAD1 and Gal3
in the ROC analysis resulted in unsatisfactory
specificity and sensitivity. The areas under the
ROC curve (AUC) were 0.8407 for Gal3 and
0.7531 for the circRNA (Figure 6A, 6B). A sen-
sitivity of 59.26% and a specificity of 96.67%
were observed in the highest likelihood ratio in
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Figure 6. ROC curves for individual biomarkers circRNA UMAD1 and Gal3 or combination. ROC curve analysis of
circRNA UMAD1 calculates the best cutoff point to discriminate between the LNM and primary tumor groups. The
area under the curve (AUC) (SE) = 0.718 (0.072); 95% confidence interval was 0.576 to 0.86; P = 0.0084 (A). ROC
curve analysis of Gal3 between these two groups. AUC (SE) = 0.825 (0.061); 95% confidence interval was 0.704 to
0.945; P<0.001 (B). ROC curve analysis of circRNA UMADZ1 combined with Gal3 for distinguishing patients in the
LNM vs. primary tumor groups. AUC (SE) = 0.87 (0.051); 95% confidence interval was 0.766 to 0.97; P<0.001 (C).
Likelihood ratio = 3.75. P<0.01, ROC, receiver operating characteristic; SE, standard error.

the Gal3 group. Furthermore, 18.18% sensitiv- specificity reported recently [33], 59.26% sen-
ity and 97.83% specificity were observed in the sitivity and 96.67% specificity are not good
highest likelihood ratio in the circRNA group. enough to accurately detect minor LNM. Thus,
Although high specificity was recorded for each finding an additional biomarker is necessary
target, both sensitivities were still unsatisfac- for widespread use of Gal3 in liquid biopsy,
tory. Combining the results of the two groups upon which not enough biological tissues for
together resulted in 74.07% sensitivity and LNM have been confirmed.
100% specificity in predicting the LNM of PTC
patients (Figure 6C). These results indicate Several miRNAs were found to have lower ex-
that the combination of circRNA-UMAD1 and pression in LNM samples in PTC in screens
Gal3 expression is a sensitive novel biomarker performed by miRNA sequencing and miRNA
for predicting LNM in PTC patients. prediction tools websites. miR-873 was finally
selected for use in combination with Gal3 for
Discussion diagnosing LNM in PTC because in a previous

study, miR-873 was part of a signature that
As a tool for prediction of clinicopathological identified cancer with lymph node metastases
characteristics of PTC, Gal3 is often used for [34]. However, although miR-873 was a direct
differentiating the malignant tumor [32]. How- suppressor of Gal3 in vitro, it is not easily de-
ever, the sensitivity of the test is not always tected in the circulation because of its decre-
satisfactory, especially for testing in the circu- ased expression in blood when Gal3 is expres-
lation. Since Gal3 is not one of the top genes sed at high levels in advanced PTC patients or
with the highest expression in LNM samples, in LNM cases. We attempted to amplify miR-
we need an additional biomarker to increase 873 by RT-PCR in the peripheral circulation,
the predictive accuracy for diagnosis and bal-
ance the specificity and sensitivity with high
levels. Form RNA sequencing and bioinformat-
ics analyses in this study, a number of interest-
ing targets were identified that are highly rele-
vant to Gal3 in clinical properties and patho-
logical characteristics. For Gal3 to be a useful

but we were not successful even after multiple
attempts. Notably, analyses of TCGA profiles
demonstrated a negative correlation between
Gal3 and miR-873 expression in PTC samples.
miR-873 is a useful target for the response to
Gal3 in tissues but is not suitable for detection

in circulation.
biomarker for diagnosing PTC, the diagnostic
accuracy of Gal3 in the discrimination of thy- Several recent reports have discovered that
roid carcinoma should be over 65% [32]. Com- circRNAs are stable and specific biomarkers
pared with the 70.6% sensitivity and 96.8% by noninvasive detection in plasma [10, 35].
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We decided to explore new circRNAs affecting
the miR-873-Gal3 axis because circRNAs are
closed continuous loops of RNA with miRNA
binding sites [10] and can act as sponges of
mMiRNAs to regulate miRNA functions [12]. For
this purpose, a circRNA-miR-873-Gal3 interac-
tion was designed and analyzed by the CIRC
prediction website. Consistent with the sequ-
encing results, hsa-circ-UMAD1 was identified
as a candidate for further screening. We deter-
mined that hsa-circ-UMAD1 acts as a miR-873
sponge and inhibits miR-873 expression in
vitro. Since circRNAs are relatively stable in-
side or outside of tumor cells, even exist as
ribozymes [36], they are not difficult to extract
from fresh blood samples using the correct
techniques. CircRNAs in plasma were amplifi-
ed by RT-PCR and used to analyze the relation-
ship between clinical properties and pathologi-
cal characteristics. A high level of hsa-circ-
UMAD1 expression in the LNM samples was
determined to be a novel biomarker for LNM in
PTC patients. Fortunately, circRNA-UMAD1 and
Gal3 expression were dramatically correlated
with a high R value. This evidence suggests
that hsa-circ-UMAD1 is a good co-biomarker
for the prediction of LNM in PTC. However, the
ROC curve of hsa-circ-UMAD1 was a little less
than that of Gal3 (AUC: 0.7531 VS. 0.8407).
After combining the results of the ROC analysis
of hsa-circ-UMAD1 and Gal3, 100% specificity
was obtained, and the sensitivity was increa-
sed from 59.26% to 74.07%. For PTC patients
with LNM, double-positive patients for hsa-
circ-UMAD1 and Gal3 are at an increased risk
for LNM diagnosis.

In this study, we measured circRNA expression
in the peripheral circulation of PTC patients
with and without LNM by RT-PCR. When cir-
cRNA was combined with Gal3 expression in
plasma, LNM diagnosis was dramatically im-
proved over single biomarker detection. Fur-
ther studies are also needed to elucidate the
regulatory behavior of the identified circRNA.
However, there are still several limitations in
our work: the cohort was not large enough, and
only 50 samples were included in the indepen-
dent RT-PCR validation; the prospective cohort
study was not designed to specifically test the
predictive value of circRNAs and Gal3 detec-
tion; and the regulatory mechanism of the
identified circRNA, such as ErbB, NF-kB path-
ways, should be further examined as reported
as regulating LNM in PTC via interactions with
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NF-kB [37] and ErbB pathways [38]. In sum-
mary, regardless of the experimental method
used, the combination of detecting the levels
of both circRNA and Gal3 in the peripheral cir-
culation is an effective co-biomarker for the
diagnosis of LNM in patients with PTC. This
strategy should be considered as an indepen-
dent evaluation system for PTC patients with
LNM.

Conclusion

In summary, no matter of what our considered,
combination of detecting the levels of circRNA
UMAD1 and Gal3 in the peripheral circulation
is an effective co-biomarker for the diagnosis
in LNM patients with PTC. This strategy should
be considered as an independent evaluation
system for PTC patients with LNM. PUCH: Pek-
ing University Cancer Hospital.
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