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Abstract

Background The incidence of thyroid cancer (TC) is increasing rapidly worldwide. The target therapy for papillary TC (PTC) is
limited, and the studies of PTC prognostic biomarkers are not common. As a new member of annexin A (ANXA) family, the
function and clinical significance of ANXA10 in PTC have not been well investigated.

Methods Expressions of all the 12 ANXA members were detected with qPCR in 12 PTC tissues, and the ANXA10 mRNAs in
PTCs and their adjacent normal thyroid tissues were compared. The subcellular location and expression of ANXA10in 121 PTC
patients were investigated with immunohistochemistry, which further classified the patients into subgroups with low or high
ANXA10. The clinical significance and prognostic value of ANXA10 were estimated by analyzing its correlation with clinical
factors and overall survival rates by the chi-squared test, univariate analyses, and multivariate analyses.

Results ANXAT10 had the highest expression in PTCs among all the ANXA members. Moreover, ANXA10 was significantly
upregulated in PTC compared with normal thyroid tissues. The PTC patients with low and high expression of ANXA10 took up
70.25% (85/121) and 29.75% (36/121), respectively. ANXA10 expression was associated with tumor size, differentiation, and
overall survival rates of PTC. ANXA10 was an independent prognostic biomarker predicting the poor outcome of PTC.
Conclusions ANXA10 expression was upregulated in PTC, and it was an independent prognostic biomarker of PTC, suggesting

that ANXA10 may be a promising target for individual treatment of ANXA10.
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Introduction

The incidence of thyroid cancer (TC) is increasing rapidly in
the past decades, and becomes the fourth common cancer type
worldwide [1]. TC was histologically categorized into differ-
entiated TC (DTC) and the poorly differentiated TC. Papillary
TC (PTC) is the main histological type of DTC, accounting
for more than 85% of all TC types [2]. The overall 5-year
survival for PTC patients in early stage is more than 90%
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[3]. Although the patients with PTC usually have a good out-
come, a portion of PTC patients suffer with disease progres-
sion. Approximately 10% of PTC patients have distant metas-
tases at presentation or during follow-up. In those cases, sys-
temic treatment, especially targeted therapy, would be ap-
plied. However, the targeted drugs are limited for advanced
progressive PTC, and more efforts should be made to explore
more biomarkers and potential target therapy.

Annexin family is the largest category of eukaryotic calci-
um and phospholipid-binding proteins, consisted of more than
160 members which are categorized into 65 different species
[4]. The Ca**-dependent binding to phospholipid-containing
membranes is the feature of annexin family. Annexins play
essential roles in various cellular and physiological processes,
including vesicle trafficking and organization, exocytosis, en-
docytosis, and calcium ion channel formation [5]. Annexin A
(ANXA) is a subgroup of annexin family and comprised of 12
members according to the official nomenclature proposed in
1999 [6]. The functions and oncogenic roles of ANXA mem-
bers were hinted in several types of cancers, especially
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ANXAT1 and ANXAZ2 [7, 8]. However, the oncogenic func-
tion of ANXA in tumor progression is still controversial, and
the expressions of ANXAs in normal tissues and cancers are
context- and time-specific; therefore, different ANXA may
play different role in different cancer types. The expressions
of ANXAs in PTC have not been well studied, so we detected
the expression and clinical significance of ANXA family of
PTC in this study.

In our study, we screened the expressions of all the 12
ANXA members in 12 PTC tissues using quantitative real-
time PCR (qPCR), and ANXA10 expressions in PTCs and
tumor-adjacent tissues were compared. The ANXA 10 expres-
sions were investigated in 121 cases of PTCs with
immunhistochemistry (IHC). The clinical significance of
ANXA 10 was evaluated by analyzing its correlation with clin-
ical factors, and the prognostic value of ANXA10 was esti-
mated by univariate analyses and multivariate analyses.

Materials and methods
Patients and tissue samples

In our study, the inception cohort was consisted of 355 pa-
tients diagnosed as PTC and underwent the radical surgery in
the Central Hospital affiliated to Shandong First Medical
University and the YIDU Central Hospital from 2005 to
2018. The inception cohort was constituted of 224 female
patients and 131 male patients, with an average age of
45.2 years old. The validation cohort comprised of 121 pa-
tients (75 female patients and 46 male patients) was further
selected out from the inception cohort if they had complete
medical record and follow-ups. Another 12 pairs of PTC tis-
sues and tumor-adjacent thyroid tissues were collected during
operation for RNA extraction without interfering the patho-
logical diagnosis. All patients were followed up for at least
10 months, and the overall survival (OS) time was defined as
the time between operation and the patient’s death or last
follow-up. The pathological stage of PTC was classified using
seventh TNM staging system of AJCC/UICC. All the speci-
mens were obtained with the written consent of patients. The
study was approved by the Institutional Ethics Committee of
the Central Hospital affiliated to Shandong First Medical
University and the YIDU Central Hospital.

Immunohistochemistry

Expression of ANXA10 in PTC was visualized by IHC using
the streptavidin-peroxidase complex method according to our
previous studies [9]. Briefly, the tissues were rehydrated with
xylene and graded alcohol, and then immersed in 3% H,O, for
inactivating the endogenous peroxidase. After that, the speci-
mens were incubated in boiled citrate buffer (pH = 6.0) for
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10 min for antigen retrieval and in 5% bovine serum albumin
for 1 h to reduce the unspecific antigen binding. The primary
antibody of ANXA10 was used to incubate the tissues at 4 °C
overnight, and the corresponding secondary antibody
(Sangon, Shanghai, China) was used to incubate slides at
room temperature for 1 h. Specimens were then treated by
the streptavidin-peroxidase complex reagent and DAB solu-
tion (Sangon), and finally administrated with hematoxylin for
counterstain.

IHC result evaluation

The results of IHC were estimated by two senior pathologists
and cases without consensus would be re-evaluated by another
pathologist. The results were semi-quantified by the IHC
score referring to the previous study [10]. In brief, the tumor
area was first selected by pathologist, and the ITHC staining
was quantified by Quant center software. Staining intensity
was mechanically defined as weak, moderate, and strong
staining by the software, and the final IHC score was calcu-
lated as follows: IHC score = (percentage of cells of weak
intensity x 1) + (percentage of cells of moderate intensity x

2) + (percentage of cells of strong intensity X 3) in the Quant
Center software [11, 12]. The validation cohort was classified
into low and high ANXA10 by the cutoff calculated by re-
ceiver operating characteristic (ROC) curves [13]. The cutoff
for ANXA10 was 65.0 in our study.

RNA extraction and qPCR

Total RNAs of the PTC and adjacent tissues were extracted
with TRIzol reagent (Invitrogen, Foster City, CA, USA) ac-
cording to the manual. Reverse transcription and quantifica-
tion of mRNA were realized by one-step real-time RT-PCR
method with SYBR-Green PCR Master Mix (Applied
Biosystems, Foster City, CA, USA) according to our previous
study [9]. Glyceraldehyde-3-phosphate dehydrogenase
(GAPDH) was used as the internal control. gPCR primers
were as follows:

ANXA1l CTAAGCGAAACAAT CCTCCTCAAGGTGA
GCACAGC CCTGTAA
ANXA2 TCTACTGTTCACGA AGTATAGGCTTTGA
AATCCTGTG CAGACCCAT
ANXA3 TTAGCCCATCAGTG CTGTGCATTTGACC
GATGCTG TCTCAGT
ANXA4 GGAGGTACTGTCAA GGCAAGGACGCTAA
AGCTGCT TAATGGC
ANXAS5 GTTTGGCAGGGATC TCATAAAGCCGAGA
TTCTGGA GGGTTTCA
ANXA6 AGAGCTACAAGTCC CCCACAATCAACCG
CTCTACG TTCAAAC
ANXAT
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CCTAGTGGCTTTCC ACCAGGATAGCCTC
TCCAATG CAGGG
ANXA8 TCACTTGTGCTGTA GTTCTTGGTCCGAG
ACCCTGC AGGCCA
ANXA9 CAGCTCATCTCACG GGTTCGAGTGGCAA
AAACTTCC GAATTTCAA
ANXA10 TTGTGGAGACTATG GGTATGCCTCTGCA
TGCAAGGA ATCATCAT
ANXA1l GCCACCAGTGACCT CCGAAGCCTTTCAT
ACCCT GGCCT
ANXA13 GCTAAAGCGAGCAG GTCCTGCCCGATAA
TCCTCAG GATTTCAA
GAPDH GAGTCAACGGATTT GACAAGCTTCCCGT
GGTCGT TCTCAG

Statistical analysis

Software SPSS22.0 (IBM Corporation, USA) was used to an-
alyze all the data and calculate the statistical significance. The
correlations between ANXA10 expression and other clinical

Fig. 1 Expression of ANXA a
family in PTC. a The mRNAs of =0
all ANXAs in 12 fresh PTC i
tissues were detected with qPCR. z
All data were standardized with °
ANXA1 mRNA as baseline. %
ANXA10 had the highest 5
expression among these 2
members. b The mRNAs of E

factors were analyzed with the chi-squared method, and the
correlations between ANXA10 and OS curves were evaluated
with the Kaplan-Meier method, and the statistical significance
was calculated by the log-rank test. The independent prognostic
risks were determined by the Cox proportional hazards. P value
less than 0.05 was regarded as statistically significant.

Results
Expression of ANXA family in PTC

The mRNA levels of all the 12 ANXA proteins were detected
in 12 cases of fresh PTC tumors. The mRNA of ANXA1 in
PTC was set as the base, and mRNA of other members was
calculated as the ratio to ANXA1. As the result, expression of
different ANXAs varied substantially in PTCs, and interest-
ingly, ANXA10 had the highest expression in PTC among all
the ANXA proteins (Fig. 1a). Furthermore, we compared the
mRNA of ANXAI10 in PTCs and tumor-adjacent normal
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ANXA10 in 12 pairs of PTCs and

normal thyroid tissues were

detected with gPCR. ANXA10

mRNA in PTCs was significantly

higher than that in normal thyroid

tissues. P <0.001 with paired ¢ C
test. ¢ ANXA10 expression in

121 PTCs were detected with

THC, which divided PTCs into
groups with low and high
ANXA10 expression. The IHC
scores of these two cases were
14.0 and 133.5, respectively
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Table 1 Basic information of patients with PTC Table2  The correlation between ANXA10 and clinical variables
Variables Number Percentage Variables ANXAI10 P*
Sex Low High
Male 46 38.02%
Sex
Female 75 61.98%
Male 32 14 0.898
Age
<45 32 26.45% Female >3 22
245 89 73.55% Age
. <45 20 12 0.270
Tumor size (cm)
<2 44 36.36% =4 65 24
) 77 63.64% Tumor size (cm)
<2 26 18 0.044
Tumor number
Single 99 81.82% >2 59 18
Multiple 2 18.18% Tur.nor number
Differentiation Single 66 33 0.076
Good 67 5537% 1'\/lu1t1pl.e . 19 3
Moderate 54 44.63% Differentiation
. Good 42 25 0.040
Site
Left/right 97 80.17% Moderfite 43 11
Left + right 24 19.83% Tumor site
Left/right 65 32 0.140
T stage .
I+10 111 91.74% Left + right 20 4
1+ 1V 10 8.26% T stage
I+10 78 33 1.000
N stage
NO 84 69.42% r+1v 7 3
NI 37 30.58% N stage ; X
TNM stage NO 58 6 0.66
410 92 76.03% N 27 10
m+1v 29 23.97% TNM stage
ANXAI10 [+1 64 28 0.769
Low 85 75.89% r+1v 21 8
High 36 28.93% *Chi-squared test

thyroid tissues and demonstrated that ANXA10 was signifi-
cantly overexpressed in PTCs (Fig. 1b). This result suggested
a potential role of ANXA10 in tumorigenesis of PTC.
Moreover, the expression of AXNA10 was further investigat-
ed in a retrospective cohort as large as 121 PTCs via I[HC. In
our study, ANXA10 was mainly expressed in the cell mem-
brane. These 121 patients were divided into subgroups with
low- and high-ANXA10 expression by the cutoff of IHC score
(Fig. 1c). The PTC patients with low and high expression of
ANXAT10 took up 70.25% (85/121) and 29.75% (36/121),
respectively (Table 1).

ANXA10 is associated with tumor size and
differentiation of PTC

Since ANXA10 was predominantly expressed in PTC among
all ANXA proteins, we estimated the clinical significance of
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ANXA10 by analyzing the correlation between ANXA10 and
the clinical factors including TNM stage, tumor number, size,
site, and differentiation, as well as the gender and age of the
patients (Table 2). In our study, the expression of ANXA10
was notably relevant to the tumor size and differentiation,
indicating that ANXA10 may play an important role in tumor
differentiation and proliferation.

ANXA10 is a prognostic biomarker of PTC

To better depict the clinical significance of ANXA10 in PTC,
we accessed the relevance between ANXA10, the clinical
variables, and the OS rate of PTC. High expression of
ANXA10 was substantially correlated with low OS rate of
PTC (P=0.014) (Fig. 2a). The 5-year OS rate of low and high
ANXA10 was 96.2% and 86.0%, respectively (Table 3). In
addition, advanced N stage (P =0.005) and TNM stage (P =
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Fig. 2 Overall survival curves of
ANXA10 expression, N stage,
and TNM stage. The patients
were stratified according to the
ANXA10 expression (a), N stage
(b), and TNM stage (c). The
overall survival curves of these
factors were analyzed with
Kaplan-Meier method

Overall survival%

1107

P=0.013

50 100 150
Time

0.041) also indicated the unfavorable prognosis of PTC, with
the 5-year OS rates as 97.7% vs. 84.8% and 94.5% vs. 88.0%,
respectively (Fig. 2b, ¢). Moreover, tumor differentiation and
T stage also predicted the poor outcome, but the statistical
significance was not potent enough (P=0.094 and 0.134,

respectively).

Table 3 The prognostic value
was evaluated by the univariate
and multivariate analyses

—— LowANXA10
~+ High ANXA10

Overall survival%.

3

- No
Nt

Overall survival’

—— TNM I+l
e TNM II1+V

100 150 200

ANXA10 has independent prognostic significance of

PTC

All the potential prognostic variables were further enrolled
into the Cox regression hazard model for multivariate analyses
(Table 3). Variables with a P value less than 0.20 were

Variables 5-Year OS P HR 95% CI P
Sex

Male 90.5 0.300

Female 94.8
Age

<45 94.2 0.223

>45 88.3
Tumor size (cm)

<2 91.8 0.681

>2 93.7
Tumor number

Single 93.1 0.848

Multiple 92.9
Differentiation

Good 934 0.094 1

Moderate 92.5 2.15 0.44-10.44 0.341
Site

Left or right 93.0 0.786

Left + right 92.9
T stage

I+11 95.4 0.134 1

m+1v 68.6 4.34 0.72-26.3 0.111
N stage

NO 97.7 0.005 1

N1 84.8 4.61 1.21-26.4 0.047
TNM stage

I+1I 94.5 0.041

mr+1v 88.0
ANXAI10

Low 96.2 0.014 1

High 86.0 9.19 1.84-45.86 0.007

*Log-rank test

® Cox regression hazard model
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selected into the multivariate analysis, including ANXA10
expression, T stage, N stage, and tumor differentiation.
TNM stage was naturally excluded from the multivariate anal-
ysis because of its interaction with other factors. In these fac-
tors, ANXA10 was confirmed as an independent prognostic
biomarker of PTC (P=0.007). High ANXA10 expression
was capable to indicate the poor outcome of PTC indepen-
dently (hazard ratio=9.19, 95% confidential incidence =
1.84-45.86). Additionally, advanced N stage was also con-
firmed as the independent prognostic variable of PTC (P =
0.047).

Discussion

Annexins participate in many physiological and pathological
processes such as providing a membrane scaffold for changes
in the cell shape and migration [5]. As one of the most well-
studied ANXA proteins, the functions of ANXA1 were re-
ported to promote tumor progression such as tumor growth,
migration, invasion, drug resistance in breast cancer, gastric
cancer, and so on, via multiple molecular mechanisms such as
regulating transforming growth factor-f3 (TGF-f3) signaling
pathway, activating formyl peptide receptor/extracellular
signal-regulated kinase/integrin (3-1-binding protein 1 path-
way, or promoting alternative macrophage polarization
[14-16]. As a new member of ANXA, the relevance of
ANXAT10 and cancer was rarely reported. Ectopic expression
of ANXA10 was reported in gastric cancer, hepatocellular
carcinoma, cholangiocarcinoma, and so on [17-20]. A recent
study demonstrated that ANXA10 was capable to promote
invasion by activating Stat3 and facilitating epithelial-
mesenchymal interaction (EMT) in cholangiocarcinoma
[21]. Here in our study, we observed that ANXA10 expres-
sion was mainly relevant with tumor size and differentiation,
prompting that ANXA 10 was also involved in the tumor pro-
gression of PTC, which is the reason of poor prognosis.

With radical surgery and radiation therapy, patients with
localized and differentiated PTC usually have good OS rates.
However, lymphatic metastasis of PTC is common, and more
than half of patients with anaplastic carcinoma present with
metastasis [22]. In the era of genomics, emerging gene muta-
tions and biomarkers are discovered, such as BRAF, RAS,
eukaryotic translation initiation factor 1A (EIF1AX), and
RET, but few of them hasten the drug development till now
[23]. Moreover, most studies focused on the undifferentiated
tumors because of its poor outcome, and very few investigated
the prognostic biomarker of well-differentiated PTC. Here, we
showed the prognostic value of ANXA10 after a long time
follow-up more than 150 months. This result was a great sup-
plement to the biomarker study of well-differentiated PTC and
may help elucidate the molecular mechanism of PTC
progression.
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Several serologic and histologic markers for thyroid cancer
have been examined over the last decades, but the efforts are
not enough for the precise treatment of thyroid cancer. The
targeted drugs of TC are very limited when patients suffered
from recurrence or metastasis. The understanding of the patho-
genesis and genetics and the identification of new biomarkers
can facilitate the development of new drugs. The approved
drugs in the USA and in the European Union are mainly soraf-
enib and lenvatinib [24], and new attempts are still needed to
develop the precise treatment of PTC. Here, we identified
ANXAT10 as a prognostic biomarker by screening all the
ANXA members, and confirmed its independent prognostic
value, hinting that therapies targeting ANXA 10 may be a prom-
ising approach to treat PTC. Unfortunately, the exact molecular
function of ANXA10 in PTC is still unknown, and there is no
available small molecular inhibitor of ANXA10 till now. As the
understanding of ANXA10 deepens, the role of ANXAI10 as a
potential drug target will appear.

In conclusion, we screened the expressions of all the 12
ANXA members in PTCs for the first time and proved that
ANXA10 was upregulated in PTC. Furthermore, we demon-
strated that ANXA10 was a prognostic biomarker of PTC and
indicated poor prognosis independently. Our results suggested
that ANXA10 may be a promising target for individual treat-
ment of ANXA10 and that ANXA10 high expression was a
characterization of high risk after radical surgery.
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