
Disease Markers

Possible Biomarkers in Malignant
and Benign Neurological Disease
2021

Lead Guest Editor: Wen-Jun Tu
Guest Editors: Xianwei Zeng, Baoqiang Guo, and Han-Cheng Qiu

 



Possible Biomarkers in Malignant and Benign
Neurological Disease 2021



Disease Markers

Possible Biomarkers in Malignant and
Benign Neurological Disease 2021

Lead Guest Editor: Wen-Jun Tu
Guest Editors: Xianwei Zeng, Baoqiang Guo, and
Han-Cheng Qiu



Copyright © 2022 Hindawi Limited. All rights reserved.

is is a special issue published in “Disease Markers.” All articles are open access articles distributed under the Creative Commons
Attribution License, which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is
properly cited.



Chief Editor
Paola Gazzaniga, Italy

Associate Editors
Donald H. Chace  , USA
Mariann Harangi, Hungary
Hubertus Himmerich  , United Kingdom
Yi-Chia Huang  , Taiwan
Giuseppe Murdaca  , Italy
Irene Rebelo  , Portugal

Academic Editors
Muhammad Abdel Ghafar, Egypt
George Agrogiannis, Greece
Mojgan Alaeddini, Iran
Atif Ali Hashmi  , Pakistan
Cornelia Amalinei  , Romania
Pasquale Ambrosino  , Italy
Paul Ashwood, USA
Faryal Mehwish Awan  , Pakistan
Atif Baig  , Malaysia
Valeria Barresi  , Italy
Lalit Batra  , USA
Francesca Belardinilli, Italy
Elisa Belluzzi  , Italy
Laura Bergantini  , Italy
Sourav Bhattacharya, USA
Anna Birková  , Slovakia
Giulia Bivona  , Italy
Luisella Bocchio-Chiavetto  , Italy
Francesco Paolo Busardó  , Italy
Andrea Cabrera-Pastor  , Spain
Paolo Cameli  , Italy
Chiara Caselli  , Italy
Jin Chai, China
Qixing Chen, China
Shaoqiu Chen, USA
Xiangmei Chen, China
Carlo Chiarla  , Italy
Marcello Ciaccio  , Italy
Luciano Colangelo  , Italy
Alexandru Corlateanu, Moldova
Miriana D'Alessandro   , Saint Vincent and
the Grenadines
Waaqo B. Daddacha, USA
Xi-jian Dai  , China
Maria Dalamaga  , Greece

Serena Del Turco  , Italy
Jiang Du, USA
Xing Du  , China
Benoit Dugue  , France
Paulina Dumnicka  , Poland
Nashwa El-Khazragy  , Egypt
Zhe Fan  , China
Rudy Foddis, Italy
Serena Fragiotta  , Italy
Helge Frieling  , Germany
Alain J. Gelibter, Italy
Matteo Giulietti  , Italy
Damjan Glavač  , Slovenia
Alvaro González  , Spain
Rohit Gundamaraju, USA
Emilia Hadziyannis  , Greece
Michael Hawkes, Canada
Shih-Ping Hsu  , Taiwan
Menghao Huang  , USA
Shu-Hong Huang  , China
Xuan Huang  , China
Ding-Sheng Jiang  , China
Esteban Jorge Galarza  , Mexico
Mohamed Gomaa Kamel, Japan
Michalis V. Karamouzis, Greece
Muhammad Babar Khawar, Pakistan
Young-Kug Kim  , Republic of Korea
Mallikarjuna Korivi  , China
Arun Kumar  , India
Jinan Li  , USA
Peng-fei Li  , China
Yiping Li  , China
Michael Lichtenauer  , Austria
Daniela Ligi, Italy
Hui Liu, China
Jin-Hui Liu, China
Ying Liu  , USA
Zhengwen Liu  , China
César López-Camarillo, Mexico
Xin Luo  , USA
Zhiwen Luo, China
Valentina Magri, Italy
Michele Malaguarnera  , Italy
Erminia Manfrin  , Italy
Upender Manne, USA

https://orcid.org/0000-0001-9925-8551
https://orcid.org/0000-0003-1209-6073
https://orcid.org/0000-0003-2234-4464
https://orcid.org/0000-0002-6403-6905
https://orcid.org/0000-0002-2330-7537
https://orcid.org/0000-0001-9999-871X
https://orcid.org/0000-0002-8228-104X
https://orcid.org/0000-0002-9398-0428
https://orcid.org/0000-0002-8146-8929
https://orcid.org/0000-0001-5892-3674
https://orcid.org/0000-0001-7086-1920
https://orcid.org/0000-0002-4375-9004
https://orcid.org/0000-0003-1129-2574
https://orcid.org/0000-0002-1118-3223
https://orcid.org/0000-0002-5074-0125
https://orcid.org/0000-0003-1723-3305
https://orcid.org/0000-0002-9801-603X
https://orcid.org/0000-0002-3082-4532
https://orcid.org/0000-0002-0729-1045
https://orcid.org/0000-0001-8639-2882
https://orcid.org/0000-0001-6705-2460
https://orcid.org/0000-0001-9403-433X
https://orcid.org/0000-0001-6120-9041
https://orcid.org/0000-0002-5835-9310
https://orcid.org/0000-0002-2368-5722
https://orcid.org/0000-0001-5328-6522
https://orcid.org/0000-0002-7008-388X
https://orcid.org/0000-0003-3722-8861
https://orcid.org/0000-0001-7959-7847
https://orcid.org/0000-0003-2660-8244
https://orcid.org/0000-0003-3667-857X
https://orcid.org/0000-0001-6646-4674
https://orcid.org/0000-0002-2446-1122
https://orcid.org/0000-0002-6214-6270
https://orcid.org/0000-0001-5146-9720
https://orcid.org/0000-0002-9871-265X
https://orcid.org/0000-0001-9912-3331
https://orcid.org/0000-0002-1423-273X
https://orcid.org/0000-0002-4289-5389
https://orcid.org/0000-0001-8454-7369
https://orcid.org/0000-0002-2389-8680
https://orcid.org/0000-0001-6298-6192
https://orcid.org/0000-0002-9708-2270
https://orcid.org/0000-0002-0393-3952
https://orcid.org/0000-0002-7748-4678
https://orcid.org/0000-0002-1982-3053
https://orcid.org/0000-0002-4038-1368
https://orcid.org/0000-0002-1540-3465
https://orcid.org/0000-0002-3021-972X
https://orcid.org/0000-0002-5928-1578
https://orcid.org/0000-0001-6011-3101
https://orcid.org/0000-0001-8403-3931
https://orcid.org/0000-0002-6419-1980
https://orcid.org/0000-0002-3965-4947
https://orcid.org/0000-0003-4156-3873
https://orcid.org/0000-0002-7145-6377
https://orcid.org/0000-0002-5706-0018


Alexander G. Mathioudakis, United
Kingdom
Andrea Maugeri  , Italy
Prasenjit Mitra  , India
Ekansh Mittal  , USA
Hiroshi Miyamoto  , USA
Naoshad Muhammad  , USA
Chiara Nicolazzo  , Italy
Xing Niu  , China
Dong Pan  , USA
Dr.Krupakar Parthasarathy, India
Robert Pichler  , Austria
Dimitri Poddighe  , Kazakhstan
Roberta Rizzo  , Italy
Maddalena Ruggieri, Italy
Tamal Sadhukhan, USA
Pier P. Sainaghi  , Italy
Cristian Scheau, Romania
Jens-Christian Schewe, Germany
Alexandra Scholze  , Denmark
Shabana  , Pakistan
Anja Hviid Simonsen  , Denmark
Eric A. Singer  , USA
Daniele Sola  , Italy
Timo Sorsa  , Finland
Yaying Sun  , China
Mohammad Tarique  , USA
Jayaraman armalingam, USA
Sowjanya atikonda  , USA
Stamatios E. eocharis  , Greece
Tilman Todenhöfer  , Germany
Anil Tomar, India
Alok Tripathi, India
Drenka Trivanović  , Germany
Natacha Turck  , Switzerland
Azizah Ugusman  , Malaysia
Shailendra K. Verma, USA
Aristidis S. Veskoukis, Greece
Arianna Vignini, Italy
Jincheng Wang, Japan
Zhongqiu Xie, USA
Yuzhen Xu, China
Zhijie Xu  , China
Guan-Jun Yang  , China
Yan Yang  , USA

Chengwu Zeng  , China
Jun Zhang Zhang  , USA
Qun Zhang, China
Changli Zhou  , USA
Heng Zhou  , China
Jian-Guo Zhou, China

https://orcid.org/0000-0003-2655-8574
https://orcid.org/0000-0003-4826-1587
https://orcid.org/0000-0001-9034-033X
https://orcid.org/0000-0001-7610-7769
https://orcid.org/0000-0001-6924-7923
https://orcid.org/0000-0002-2551-8979
https://orcid.org/0000-0001-8834-792X
https://orcid.org/0000-0003-0175-4798
https://orcid.org/0000-0001-8813-0069
https://orcid.org/0000-0001-6431-9334
https://orcid.org/0000-0001-9507-9126
https://orcid.org/0000-0001-8322-9158
https://orcid.org/0000-0002-3100-8692
https://orcid.org/0000-0002-6617-1588
https://orcid.org/0000-0002-5461-162X
https://orcid.org/0000-0003-3991-0696
https://orcid.org/0000-0001-7863-8192
https://orcid.org/0000-0001-7914-3052
https://orcid.org/0000-0001-5457-6046
https://orcid.org/0000-0002-8829-3041
https://orcid.org/0000-0002-5353-7202
https://orcid.org/0000-0002-0930-1657
https://orcid.org/0000-0003-4432-2741
https://orcid.org/0000-0001-7041-3917
https://orcid.org/0000-0001-8810-2324
https://orcid.org/0000-0001-8268-3316
https://orcid.org/0000-0003-2047-883X
https://orcid.org/%200000-0003-1291-8727
https://orcid.org/0000-0003-0131-7993
https://orcid.org/0000-0002-1333-3918
https://orcid.org/0000-0002-4379-3616
https://orcid.org/0000-0002-59844289
https://orcid.org/0000-0002-7476-8894


Contents

lncRNA DARS-AS1 Promoted Osteosarcoma Progression through Regulating miR-532-3p/CCR7
Yan Xue, Hongmiao Liu, Guangchen Nie, and Xiaoping Ren 

Research Article (9 pages), Article ID 4660217, Volume 2022 (2022)

Tumor Necrosis Factor-α: $e Next Marker of Stroke
Yimeng Xue  , Xianwei Zeng  , Wen-Jun Tu  , and Jizong Zhao 

Review Article (8 pages), Article ID 2395269, Volume 2022 (2022)

Intraoperative Use of Topical Retropharyngeal Steroids for Dysphagia a-er Anterior Cervical Fusion:
A Systematic Review and Meta-Analysis
Hang Yu  , Hui Dong  , Binjia Ruan  , Xiaohang Xu  , and Yongxiang Wang 

Research Article (9 pages), Article ID 7115254, Volume 2021 (2021)

CircLDLR Promotes Papillary $yroid Carcinoma Tumorigenicity by Regulating miR-637/LMO4
Axis
Yuan-ming Jiang  , Wei Liu  , Ling Jiang  , and Hongbin Chang 

Research Article (12 pages), Article ID 3977189, Volume 2021 (2021)

IL-38 and IL-36 Target Autophagy for Regulating Synoviocyte Proliferation, Migration, and Invasion
in Rheumatoid Arthritis
Zhe Hao and Yi Liu 

Research Article (11 pages), Article ID 7933453, Volume 2021 (2021)

mtDNA in the Pathogenesis of Cardiovascular Diseases
Lili Wang  , Qianhui Zhang  , Kexin Yuan  , and Jing Yuan 

Research Article (8 pages), Article ID 7157109, Volume 2021 (2021)

Recanalization Treatment of Acute Ischemic Stroke Caused by Large-Artery Occlusion in the Elderly:
A Comparative Analysis of “the Elderly” and “the Very Elderly”
Qi Wang, Yi-Qun Zhang, Han-Cheng Qiu, Yin-Dan Yao, Ao-Fei Liu, Chen Li, and Wei-Jian Jiang 

Research Article (9 pages), Article ID 3579074, Volume 2021 (2021)

H19 Overexpression Improved Efficacy of Mesenchymal Stem Cells in Ulcerative Colitis by
Modulating the miR-141/ICAM-1 and miR-139/CXCR4 Axes
Ming-li Zhao  , Tao Chen, Teng-hui Zhang, Feng Tian, and Xiao Wan
Research Article (14 pages), Article ID 7107705, Volume 2021 (2021)

Effect of ORF7 of SARS-CoV-2 on the Chemotaxis of Monocytes and Neutrophils In Vitro
Gang Wang  , Jun Guan, Guojun Li, Fengtian Wu, Qin Yang, Chunhong Huang, Junwei Shao, Lichen Xu,
Zixuan Guo, Qihui Zhou, Haihong Zhu  , and Zhi Chen 

Research Article (9 pages), Article ID 6803510, Volume 2021 (2021)

https://orcid.org/0000-0003-2843-6642
https://orcid.org/0000-0002-0549-5933
https://orcid.org/0000-0003-4812-2245
https://orcid.org/0000-0002-1703-1802
https://orcid.org/0000-0001-7304-0255
https://orcid.org/0000-0002-1544-0506
https://orcid.org/0000-0002-2890-0794
https://orcid.org/0000-0001-6387-5320
https://orcid.org/0000-0002-3391-4701
https://orcid.org/0000-0003-3763-7411
https://orcid.org/0000-0002-9243-1734
https://orcid.org/0000-0002-0022-3939
https://orcid.org/0000-0001-7363-3616
https://orcid.org/0000-0003-3013-2103
https://orcid.org/0000-0002-9234-5457
https://orcid.org/0000-0002-4974-3468
https://orcid.org/0000-0003-3796-5386
https://orcid.org/0000-0003-0749-6216
https://orcid.org/0000-0002-1213-4212
https://orcid.org/0000-0002-9594-747X
https://orcid.org/0000-0002-7839-5079
https://orcid.org/0000-0003-4882-5389
https://orcid.org/0000-0002-5387-8832
https://orcid.org/0000-0002-0848-1502


Association between Plasma Homocysteine Concentrations and the First Ischemic Stroke in Hypertensive
Patients with Obstructive Sleep Apnea: A 7-Year Retrospective Cohort Study from China
Nanfang Li  , Xintian Cai  , Qing Zhu, Xiaoguang Yao, Mengyue Lin, Lin Gan, Le Sun, Na Yue, Yingli Ren,
Jing Hong, Yue Ma, Run Wang, Jina Yili, and Qin Luo
Research Article (11 pages), Article ID 9953858, Volume 2021 (2021)

Immune Checkpoints: $erapeutic Targets for Pituitary Tumors
Ding Nie, Yimeng Xue, Qiuyue Fang, Jianhua Cheng, Bin Li, Dawei Wang, Chuzhong Li, Songbai Gui, Yazhuo
Zhang, and Peng Zhao 

Review Article (7 pages), Article ID 5300381, Volume 2021 (2021)

Plaque Length Predicts the Incidence of Microembolic Signals in Acute Anterior Circulation Stroke
Liming Zhao, Hongqin Zhao, Yicheng Xu, Aijuan Zhang, Jiatang Zhang  , and Chenglin Tian 

Research Article (7 pages), Article ID 2005369, Volume 2021 (2021)

$e Prognostic Determinant of Interleukin-10 in Patients with Acute Ischemic Stroke: An Analysis from
the Perspective of Disease Management
Wen Sun  , Shuhui Wang  , and Shanji Nan 

Research Article (9 pages), Article ID 6423244, Volume 2021 (2021)

https://orcid.org/0000-0003-1505-8566
https://orcid.org/0000-0003-3172-1540
https://orcid.org/0000-0001-6216-3858
https://orcid.org/0000-0002-2609-6157
https://orcid.org/0000-0002-9924-5678
https://orcid.org/0000-0002-3569-1046
https://orcid.org/0000-0003-4674-4534
https://orcid.org/0000-0003-2962-4717


Research Article
lncRNA DARS-AS1 Promoted Osteosarcoma Progression through
Regulating miR-532-3p/CCR7

Yan Xue,1,2 Hongmiao Liu,3 Guangchen Nie,2 and Xiaoping Ren 1,4,5

1Hand and Microsurgery Center, The Second Affiliated Hospital of Harbin Medical University, Harbin 150081, China
2Department of Orthopaedics, The fifth hospital of Harbin, Harbin Heilongjiang 150040, China
3Department of Pathology, The general hospital of Heilongjiang Farms & Land reclamation administration, Harbin,
Heilongjiang 150086, China
4State Province Key Laboratories of Biomedicine Pharmaceutics, Harbin Medical University, Harbin, Heilongjiang 150086, China
5Heilongjiang Medical Science Institute, Harbin Medical University, Harbin, Heilongjiang 150086, China

Correspondence should be addressed to Xiaoping Ren; enrxiaoping@126.com

Received 4 November 2021; Revised 29 December 2021; Accepted 7 January 2022; Published 5 April 2022

Academic Editor: Wen-Jun Tu

Copyright © 2022 Yan Xue et al. This is an open access article distributed under the Creative Commons Attribution License,
which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

Background. lncRNAs have been indicated to involve in cell invasion, proliferation, and metastasis. However, function of DARS-
AS1 in osteosarcoma remains poorly explored.Methods. DARS-AS1 and miR-532-3p level were measured using qRT-PCR. CCK-
8 assay and cell invasion assay were done to study cell functions. Luciferase reporter assay was performed to study the mechanism
about DARS-AS1 and miR-532-3p. Results. We firstly showed that DARS-AS1 expression is upregulated in 73.5% (25/34) of cases
with osteosarcoma. Moreover, DARS-AS1 expression is overexpressed in osteosarcoma specimens than in nontumor samples. The
DARS-AS1 is overexpressed in the osteosarcoma cell lines (Saos-2, SOSP-9607, U2OS, and MG-63) compared to hFOB.
Overexpression of DARS-AS1 promotes cell growth and invasion in MG-63 osteosarcoma cell. DARS-AS1 plays as one sponge
for miR-532-3p in osteosarcoma cell, and miR-532-3p overexpression inhibits luciferase activity of DARS-AS1-WT, not DARS-
AS1-MUT in MG-63 cell. Ectopic expression of DARS-AS1 inhibits miR-532-3p expression in MG-63 cell. Furthermore, miR-
532-3p expression is downregulated in osteosarcoma specimens compared to in paired nontumor samples. MiR-532-3p
expression is downregulated in osteosarcoma cell lines compared to hFOB. MiR-532-3p expression is negatively associated
with DARS-AS1 expression in osteosarcoma specimens. miR-532-3p directly regulates CCR7 expression in osteosarcoma cell.
Elevated DARS-AS1 expression enhances cell growth and invasion via regulating CCR7. Conclusions. These data firstly
suggested that DARS-AS1 exerted as one oncogene in osteosarcoma partly via regulating miR-532-3p/CCR7.

1. Background

Osteosarcoma is a primary bone malignancy that influences
growing bones of adolescents and children and is interre-
lated with high morbidity [1–3]. The development of several
therapeutic methods for osteosarcoma such as radiotherapy,
multiagent chemotherapy, and precise tumor excision has
ameliorated the prognosis of osteosarcoma [4–6]. However,
the five-year surgical rate of these patients diagnosed with
advanced stage is still discontent [7–9]. Thus, it is urgent
to find novel biomarkers and treatment targets for osteosar-
coma cases.

Long noncoding RNAs (lncRNAs) are one type of the
noncoding RNAs (ncRNAs) with length exceed that of 200
nucleotides and can modulate gene expression in posttran-
scriptional or transcriptional level [10–13]. Recent data have
suggested that lncRNAs play crucial roles in a lot of cellular
functions including differentiation, invasion, proliferation,
migration, development, apoptosis, and metastasis [14–18].
Increasing evidences have revealed that lncRNAs are dysreg-
ulated in various cancers such as lung carcinoma, bladder
cancer, gastric carcinoma, hepatocellular carcinoma, and
also osteosarcoma [19–24]. Studies revealed that DARS-
AS1 exerted oncogenic roles in human tumors such as
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thyroid cancer, myeloma, lung cancer, and ovarian cancer
[25–28]. For example, Zheng et al. [27] revealed that
DARS-AS1 level was increased in thyroid tumor specimens
and was associated with poor prognosis, distant metastasis,
and pathological stage, and DARS-AS1 facilitated thyroid
tumor cell migration and proliferation via regulating miR-
129. Liu et al. [28] demonstrated that DARS-AS1 induced
nonsmall cell lung tumor progression through modulating
miR-532-3p. Yan [26] showed that DARS-AS1 was upregu-
lated via HIF-1 in myeloma. DARS-AS1 induced myeloma
cell tumorigenesis and survival via binding RBM39. Huang
et al. [25] showed that expression of DARS-AS1 was upreg-
ulated in ovarian tumor specimens and silenced DARS-AS1
expression suppressed cell invasion, migration, and prolifer-
ation. However, its function in osteosarcoma remains poorly
explored.

We firstly revealed that the DARS-AS1 expression was
upregulated in osteosarcoma specimens and cell lines.
DARS-AS1 promoted cell growth and invasion in MG-63
osteosarcoma cell.

2. Experimental Materials and Methods

2.1. Clinical Specimens. Thirty pairs of osteosarcoma tissues
and pair no-tumor samples were collected from the Second
Affiliated Hospital of Harbin Medical University and imme-
diately stored in the liquid nitrogen.

2.2. Cell Culture and Transfect. Four osteosarcoma cell lines
(Saos-2, MG-63, SOSP-9607, and U2OS) and a normal oste-
oblast line (hFOB) were obtained from the American Type
Culture Collection (ATCC, USA). These cell lines were
plated in the DMEM medium supplemented with FBS, pen-
icillin, and streptomycin. siRNA-control and siRNA-CCR7,
MiR-532-3p mimic and scramble, pcDNA-DARS-AS1,
siRNA-DARS-AS1, and pcDNA-control and siRNA-
control plasmids were collected from the Ribobio (Guang-
zhou, China). Cell transfection was conducted by using
Lipofectamine2000 (Invitrogen, CA, USA) according to the
manufacturer’s protocol. The sequences of siCCR7: 5′-
GCGUC AACCC UUUCU UGUATT-3′ and 3′-UACAA
GAAAG GGUUG ACGCAG-5′; miR-532-3p mimic: 5′-
CCUCCCACACCCAAGGCUUGCA-3′.

2.3. RNA Extraction and qRT-PCR. Total cellular and tissue
RNA was extracted by using TRIzol kit (Invitrogen, USA) fol-
lowing manufacturer’s instruction. Complementary DNAs
(cDNAs) were composed, and qRT-PCR analysis was done
using SYBR Green (Bio-Rad, Berkeley, CA) on the real-time
PCR ABI7500 instrument. The expression of lncRNA and
mRNA was compared to GAPDH using the 2-DDCT way.
qRT–PCR primers were amplified as follows: GAPDH: for-
ward 5′-AGGTCCACCACTGACACGTT-3′, reverse, 5′-
GCCTCAAGATCATCAGCAAT-3′; miR-532-3p: forward
5′-CCUCCCACACCCAAGGCUUGCA-3′, reverse, 5′-
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Figure 1: DARS-AS1 was highly expressed in osteosarcoma cells and specimens. (a) The DARS-AS1 expression in osteosarcoma specimens
and pair no-tumor samples was analyzed with qRT-PCR analysis. (b) DARS-AS1 expression was upregulated in the osteosarcoma specimens
compared to in the pair no-tumor samples. (c) The DARS-AS1 expression was overexpressed in osteosarcoma cell lines (U2OS, SOSP-9607,
Saos-2, and MG-63) than in one normal osteoblast line (hFOB).
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CAAGCCUUGGGUGUGGGAGGUU-3′; DARS-AS1: for-
ward 5′-AGCCAAGGACTGGTCTCTTTT-3′, reverse, 5′-
CTGTACTGGTGGGAAGAGCC-3′; and miR-532-3p: for-
ward 5′-CGTTT CCAAC TGTATG-3′, reverse, 5′-CAAC
GGCGGATGGCC-3′. The following conditions of qRT-
PCR were noted: 40 seconds at the 95°C, 45 cycles for 12 sec-
onds at 95°C, and 60°C for 40 seconds.

2.4. Cell Proliferation and Invasion Assay. For cell prolifera-
tion, cell was kept into the 96-well dish at 5 × 103 cells/well.
The cell growth rate was analyzed using CCK-8 (DOJINDO,
Japan) following manufacturer’s protocol at the different
time points. The absorbance at 450 nM was determined on
the microtiter reader. For cell invasion, Bio-Coat Matrigel
chambers (BD Biosciences, Germany) was used. For cell
invasion assay, cells were seeded on the top chamber (Matri-
gel coated filter) in the serum-free medium, and FBS (10%)
was conducted as a chemoattractant. After incubation for
48 hours, the cell that invaded to lower side was fixed and
counted.

2.5. Luciferase Reporter Assay. Cell was cotransfected pMIR
vector containing the diverse mutant or wild type DARS-
AS1 and mutant or wild type CCR7, along with pRL-TK
control plasmid and miR-532-3p mimic or scramble control
by using Lipofectamine2000 (Invitrogen, USA). After 2 days,
cell was harvested and then analyzed with the Dual Lucifer-

ase Assay kit (Promega, USA) following manufacturer’s
protocol.

2.6. Statistical Analysis. Data are indicated as means + SD
(Standard Deviation) based on 3 independent experiments
and determined by using SPSS version 12.0 software (SPSS,
Chicago, USA). Statistical significance was regarded as P
value < 0.05. The significant difference was analyzed by
one-way analysis of variance or Student’s t tests.

3. Results

3.1. DARS-AS1 Was Highly Expressed in Osteosarcoma Cells
and Specimens. DARS-AS1 expression in osteosarcoma
specimens and paired nontumor samples was analyzed with
qRT-PCR analysis. As presented in Figure 1(a), DARS-AS1
expression was upregulated in 73.5% (25/34) of cases with
osteosarcoma. Moreover, DARS-AS1 expression was higher
in osteosarcoma specimens than in paired nontumor sam-
ples (Figure 1(b)). DARS-AS1 expression was overexpressed
in osteosarcoma cell lines (U2OS, SOSP-9607, Saos-2, MG-
63, and HOS) than in one normal osteoblast line (hFOB)
(Figure 1(c)).

3.2. miR-532-3p Expression Was Decreased in Osteosarcoma
Cells and Specimens. miR-532-3p expression in osteosar-
coma specimens and paired nontumor samples was analyzed
with qRT-PCR method. As presented in Figure 2(a), miR-
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Figure 2: miR-532-3p was decreased in osteosarcoma cells and specimens. (a) The miR-532-3p expression in osteosarcoma specimens and
pair no-tumor samples was analyzed with qRT-PCR method. (b) miR-532-3p expression was lower in the osteosarcoma specimens than in
the pair no-tumor samples. (c) The miR-532-3p expression was downregulated in osteosarcoma cell lines (U2OS, SOSP-9607, Saos-2, and
MG-63) compared to in one normal osteoblast line (hFOB). (d) Pearson’s correlation assay indicated that miR-532-3p expression was
negatively associated with DARS-AS1 expression in osteosarcoma specimens.
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532-3p expression was downregulated in 76.5% (26/34) of
cases with osteosarcoma. Moreover, miR-532-3p expression
was lower in the osteosarcoma specimens than in the paired
nontumor samples (Figure 2(b)). miR-532-3p expression
was decreased in osteosarcoma cell lines (U2OS, SOSP-
9607, Saos-2, MG-63, and HOS) than in hFOB
(Figure 2(c)). Furthermore, Pearson’s correlation assay indi-
cated that miR-532-3p expression was negatively associated
with DARS-AS1 expression in osteosarcoma specimens
(Figure 2(d)).

3.3. DARS-AS1 Played as a Sponge for miR-532-3p in
Osteosarcoma Cell. To study the relationship between
DARS-AS1 and miR-532-3p, we observed that DARS-AS1
has potential binding sites of miR-532-3p (Figure 3(a)).
The expression of miR-532-3p was significantly upregulated
in MG-63 osteosarcoma cell after treated with miR-532-3p
mimics (Figure 3(b)). Then, we carried out luciferase analy-
sis to indicate that overexpression of miR-532-3p decreased
luciferase activity of DARS-AS1-WT, not DARS-AS1-MUT
in the MG-63 cell (Figure 3(c)). The expression of DARS-
AS1 was significantly upregulated in the MG-63 osteosar-
coma cell after treated with pcDNA-DARS-AS1 plasmid

(Figure 3(d)). Ectopic expression of DARS-AS1 inhibited
miR-532-3p level in MG-63 cell (Figure 3(e)).

3.4. miR-532-3p Directly Regulated CCR7 Expression in
Osteosarcoma Cell. To study the relationship between
CCR7 and miR-532-3p, we observed that CCR7 has poten-
tial binding sites of miR-532-3p (Figure 4(a)). Then, we car-
ried out luciferase analysis to show that overexpression of
miR-532-3p suppressed luciferase activity of CCR7-WT,
not CCR7-MUT in the MG-63 cell (Figure 4(b)). Elevated
expression of miR-532-3p inhibited the CCR7 expression
in the MG-63 cell (Figure 4(c)). Moreover, ectopic expres-
sion of DARS-AS1 promoted CCR7 expression in the MG-
63 cell (Figure 4(d)).

3.5. DARS-AS1 Promoted Cell Growth and Invasion in MG-
63 Osteosarcoma Cell. CCK-8 assay results indicated that
overexpression of DARS-AS1 enhanced cell proliferation in
the MG-63 cells (Figure 5(a)). Ectopic expression of
DARS-AS1 increased ki-67 expression in the MG-63 cells
(Figure 5(b)). Elevated expression of DARS-AS1 promoted
cyclin D1 expression in the MG-63 cells (Figure 5(c)).
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Figure 3: DARS-AS1 played as a sponge for miR-532-3p in osteosarcoma cell. (a) DARS-AS1 has potential binding sites of miR-532-3p. (b)
The expression of miR-532-3p was significantly upregulated in the MG-63 osteosarcoma cell after treated with miR-532-3p mimics. (c)
Overexpression of miR-532-3p decreased luciferase activity of DARS-AS1-WT, not DARS-AS1-MUT in the MG-63 cell. (d) The
expression of DARS-AS1 was significantly upregulated in the MG-63 osteosarcoma cell after treated with pcDNA-DARS-AS1 plasmid.
(e) Ectopic expression of DARS-AS1 inhibited the miR-532-3p level in the MG-63 cell. ∗∗p < 0:01.
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Moreover, ectopic expression of DARS-AS1 promoted cell
invasion in the MG-63 cell (Figures 5(d) and 5(e)).

3.6. Downregulated Expression of DARS-AS1 Inhibited Cell
Growth in MG-63 Osteosarcoma Cell. The expression of
DARS-AS1 was significantly downregulated in MG-63 oste-
osarcoma cell after treated with si-DARS-AS1 (Figure 6(a)).
Knockdown of DARS-AS1 suppressed cell proliferation in
MG-63 cells (Figure 6(b)). Inhibited expression of DARS-
AS1 suppressed the expression of cyclin D1 (Figure 6(c))
and ki-67 (Figure 6(d).

3.7. Elevated Expression of DARS-AS1 Enhanced Cell Growth
and Invasion via Regulating CCR7. To study whether DARS-
AS1/CCR7 derived osteosarcoma progression, rescue exper-
iments were performed. We confirmed that the expression
of CCR7 was downregulated in the MG-63 cell after treated
with si-CCR7 (Figure 7(a)). CCK-8 assay indicated that
downregulation of CCR7 suppressed cell proliferation in
the DARS-AS1-overexpressing MG-63 cell (Figure 7(b)).
Knockdown of CCR7 inhibited ki-67 (Figure 7(c)) and
cyclin D1 (Figure 7(d)) expression in the DARS-AS1-
overexpressing MG-63 cell. CCR7 knockdown suppressed
cell invasion in the DARS-AS1-overexpressing MG-63 cell
(Figures 7(e) and 7(f)).

3.8. Discussion. Our study identified that DARS-AS1 acted as
one oncogenic lncRNA in the development of osteosarcoma.
We firstly revealed that DARS-AS1 expression was higher in
osteosarcoma specimens than in paired nontumor samples.
DARS-AS1 promoted cell growth and invasion in MG-63
osteosarcoma cell. We found that DARS-AS1 played as a
sponge for miR-532-3p in osteosarcoma cell, and ectopic
expression of DARS-AS1 inhibited miR-532-3p level in
MG-63 cell. Furthermore, miR-532-3p expression was lower
in osteosarcoma specimens than in nontumor samples and
miR-532-3p expression was negatively associated with
DARS-AS1 expression in osteosarcoma specimens. miR-
532-3p directly regulated CCR7 expression in osteosarcoma
cell. Elevated expression of DARS-AS1 enhanced cell growth
and invasion via regulated CCR7. These data suggested that
DARS-AS1 exerted as one oncogene in osteosarcoma partly
via regulating miR-532-3p/CCR7.

Studies revealed that DARS-AS1 exerted an oncogenic
role in several human tumors such as thyroid cancer, lung
cancer, myeloma, and ovarian cancer [25–28]. For example,
Zheng et al. [27] revealed that DARS-AS1 expression was
increased in thyroid tumor specimens and was associated
with poor prognosis, distant metastasis, and pathological
stage, and DARS-AS1 facilitated thyroid tumor cell migra-
tion and proliferation via regulating miR-129. Liu et al.
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Figure 4: miR-532-3p directly regulated CCR7 expression in osteosarcoma cell. (a) CCR7 has potential binding sites of miR-532-3p. (b)
Overexpression of miR-532-3p suppressed luciferase activity of CCR7-WT, not CCR7-MUT in the MG-63 cell. (c) Elevated expression
of miR-532-3p inhibited the CCR7 expression in the MG-63 cell. (d) Ectopic expression of DARS-AS1 promoted CCR7 expression in
the MG-63 cell. ∗∗p < 0:01.
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Figure 5: DARS-AS1 promoted cell growth and invasion in MG-63 osteosarcoma cell. (a) CCK-8 assay results indicated that overexpression
of DARS-AS1 enhanced cell proliferation both in the MG-63 cells. (b) Ectopic expression of DARS-AS1 increased ki-67 expression both in
the MG-63 cells. (c) Elevated expression of DARS-AS1 promoted cyclin D1 expression both in the MG-63 cells. (d) Ectopic expression of
DARS-AS1 promoted cell invasion in the MG-63 cell. (e) The relative invasive cells were shown. ∗p < 0:05, ∗∗p < 0:01, and ∗∗∗p < 0:001.
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Figure 6: DARS-AS1 promoted cell growth in MG-63 osteosarcoma cell. (a) The expression of DARS-AS1 was detected by RT-qPCR assay.
(b) Knockdown of DARS-AS1 suppressed cell proliferation in the MG-63 cells. (c) The expression of cyclin D1 was detected by RT-qPCR
assay. (d) Inhibition expression of DARS-AS1 suppressed ki-67 expression. ∗p < 0:05, ∗∗p < 0:01, and ∗∗∗p < 0:001.
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[28] found that DARS-AS1 induced nonsmall cell lung
tumor progression through modulating miR-532-3p. Yan
[26] showed that DARS-AS1 was upregulated via HIF-1 in
myeloma. DARS-AS1 induced myeloma cell tumorigenesis
and survival via binding RBM39. Huang et al. [25] indicated
that expression of DARS-AS1 was upregulated in ovarian
tumor specimens, and silenced DARS-AS1 expression sup-
pressed cell invasion, migration, and proliferation via modu-
lating miR-532-3p. Its role in osteosarcoma remains poorly
explored. We firstly studied the expression level of DARS-
AS1 in osteosarcoma specimens and paired nontumor sam-
ples. Our data indicated that DARS-AS1 expression was
upregulated in 73.5% (25/34) of cases with osteosarcoma.
Moreover, DARS-AS1 expression was higher in osteosar-
coma specimens than in paired nontumor samples. DARS-
AS1 promoted cell growth and invasion in MG-63 osteosar-
coma cell. These results suggested that DARS-AS1 acted as
one oncogenic role in the development of osteosarcoma.

Recent references have suggested that lncRNAs played
roles in a lot of tumors via modulating miRNAs expression
[16, 29–31]. For instance, lncRNA HOXA-AS2 suppressed
osteosarcoma cell invasion, viability, and migration via
sponging miR-124-3p [32]. Li et al. [33] indicated that

lncRNA NR2F1-AS1 promoted osteosarcoma progression
through sponging miR-483-3p. lncRNA SND1-IT1 pro-
moted osteosarcoma migration and proliferation through
regulating miRNA-665 expression [34]. lncRNA SPRY4-
IT1 induced osteosarcoma progression through sponging
miR-101 [35]. Moreover, lncRNA DARS-AS1 promoted
ovarian cancer cell metastasis and growth via sponging
miR-532-3p [25]. We also observed that DARS-AS1 has
potential binding sites of miR-532-3p in osteosarcoma. Pre-
vious study demonstrated that miR-532-3p expression was
downregulated in the osteosarcoma tissues [36]. We also
found that miR-532-3p expression was lower in osteosar-
coma specimens than in paired nontumor samples. More-
over, the data of Pearson’s correlation assay indicated that
miR-532-3p expression was negatively associated with
DARS-AS1 expression in osteosarcoma specimens. miR-
532-3p directly regulated CCR7 expression in osteosarcoma
cell. Previous study demonstrated that miR-532-3p inhibited
TSCC progression through regulating CCR7 and it sug-
gested that CCR7 might play important roles in the develop-
ment of osteosarcoma [37]. CCR7 are involved in tumor
migration and metastasis [38]. We firstly showed that ele-
vated expression of DARS-AS1 enhanced cell growth and
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Figure 7: Elevated expression of DARS-AS1 enhanced cell growth and invasion via regulated CCR7. (a) The expression of CCR7 was
downregulated in the MG-63 cell after treated with si-CCR7 by using qRT-PCR. (b) CCK-8 assay indicated that downregulation
expression of CCR7 suppressed cell proliferation in the DARS-AS1-overexpressing MG-63 cell. (c) The expression of ki-67 was analyzed
by qRT-PCR assay. (d) The expression of cyclin D1 was analyzed by qRT-PCR assay. (e) Downregulation expression of CCR7 inhibited
cell invasion in the DARS-AS1-overexpressing MG-63 cell. (f) The relative invasive cells were shown. ∗p < 0:05, ∗∗p < 0:01, and ∗∗∗p <
0:001.
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invasion via regulating CCR7. It suggested that DARS-AS1/
CCR7 axis might be one novel therapeutic target for
osteosarcoma.

4. Conclusions

Our findings showed that DARS-AS1 expression was upreg-
ulated in osteosarcoma cells and tissues, and elevated expres-
sion of DARS-AS1 enhanced cell growth and invasion via
regulating miR-532-3p/CCR7. These data suggested that
DARS-AS1 exerted as one oncogene in osteosarcoma partly
via regulating miR-532-3p/CCR7.
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Although there is no shortage of research on the markers for stroke, to our knowledge, there are no clear markers that can meet
the needs of clinical prediction and treatment. The inflammatory cascade is a critical process that persists and functions
throughout the stroke process, ultimately worsening stroke outcomes and increasing mortality. Numerous inflammatory
factors, including tumor necrosis factor (TNF), are involved in this process. These inflammatory factors play a dual role during
stroke, and their mechanisms are complex. As one of the representatives, TNF is the primary regulator of the immune system
and plays an essential role in the spread of inflammation. In researches done over the last few years, tumor necrosis factor-
alpha (TNF-α) has emerged as a potential marker for stroke because of its essential role in stroke. This review summarizes the
latest research on TNF-α in stroke and explores its potential as a therapeutic target.

1. Introduction

Stroke is the leading cause of death and long-term disability
worldwide, and its incidence is increasing at younger ages [1,
2]. The high mortality and disability rates place a severe bur-
den on society [3, 4]. Thus, the search for biomarkers that
can predict disease prognosis or targeted therapy is signifi-
cant to improve the treatment and reduce the disability rate
[5]. However, there are no specific markers that can provide
predictive and therapeutic information as far as we know.
Previous studies by Simats et al. have summarized the role
of inflammatory biomarkers in helping predict outcomes
in stroke patients which may even become therapeutic tar-
gets [6]. The inflammatory response process runs through
the entire stroke course [7]. In this cascade of inflammatory
changes, cytokines like interleukin (IL), TNF, and interferon
(IFN) act as central mediators in the inflammatory cascade
and are considered as a therapeutic target and prognostic
biomarker [8]. The researchers observed changes in the con-

centrations of several types of these cytokines in the cerebro-
spinal fluid and blood of stroke patients, and these changes
were associated with prognosis [9–12]. TNF-α is an emerg-
ing molecule that is a kind of pleiotropic cytokine as the pri-
mary regulatory factor of the immune system that can be
produced by a variety of cell types and is involved in a wide
range of pathological processes [13, 14]. It plays a homeosta-
sis and pathophysiological role in the central nervous sys-
tem. Under pathological conditions, microglia release large
amounts of TNF-α, which is a crucial component of the neu-
roinflammatory response associated with various neurologi-
cal diseases [15]. Based on several robust pieces of evidence,
changes in TNF-α were associated with stroke injury and
stroke recovery [16–18]. For example, Tuttolomondo et al.
reported that TNF-α expression was elevated after stroke,
which stimulated the expression of tissue factors and leuko-
cyte adhesion molecules and inhibited the fibrinolytic sys-
tem [19]. Although several studies have reported contrary
results, the use of TNF-α as a marker of stroke remains
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promising. In addition to the role of TNF-α in stroke, anti-
TNF-α-based antistroke therapies have received increasing
attention from the researchers. In a preclinical study, TNF-
α receptor inhibitors reduce brain damage by reducing
inflammatory responses in a rat model of ischemic stroke
[20]. Therefore, this article reviews the research progress of
TNF-α and its antagonists and discusses its application pros-
pect in the treatment of stroke.

2. TNF-α Molecule and Its Receptor

TNF-α is produced by various cells, but its primary source is
the cells of the immune system, such as macrophages, lym-
phoid cells, and mast cells [14, 21]. In these cells, TNF-α is
first synthesized into transmembrane protein (tmTNF-α),
which is then cleaved by matrix metalloproteinase TNF-α-
converting enzyme (TACE) to release soluble TNF-α
(sTNF-α) homotrimer and can bind to two types of recep-
tors, namely, TNF receptor (TNFR) type 1 (TNFR1) and
type 1 (TNFR2) [15, 21–23]. These two receptors are
expressed differently in various cells and differ functionally
[24]. Unlike TNFR1, which is ubiquitously expressed in all
cell types, TNFR2 is expressed by some immune cells and
preferentially by some Treg cells, some endothelial cells,
and nerve tissue cells [13, 25]. The TNF-signaling complex
structure enables TNF-α to induce inflammation and cell
death or to induce tolerance to ischemia after stroke [26].
The main role of TNFR1 is to initiate apoptosis through its
death domain and also to induce cell survival mechanisms
[27]. Activation of the TNFR2 pathway by TNF-α contrib-
utes to immune response and inflammation [28]. It can
affect the activation of many intracellular signaling pathways
and ultimately lead to cell survival, cell migration, apoptosis,
and necrosis (Figure 1) [29–31].

Although TNF-α has a higher affinity for TNFR2 than
for TNFR1, most of the biological activities of TNF-α are ini-
tiated by TNFR1 [32]. The structure of TNFR1 includes a
death domain (DD), which is constitutively expressed in
most cell types and is activated by TNF-α in the form of
membrane binding (mTNF-α) or soluble (sTNF-α) [33].
Activation of TNFR1 leads to trimer formation, which pro-
motes DD recruitment of TNFR1-associated death domains
(TRADD), and TRADD further recruits serine/threonine-
protein kinase (RIPK) and TNFR-associated factor (TRAF)
2 [34–36]. The specific process can be described as TNFR1
binds to trimer TNF-α to release death domain silencer
(SODD) protein. The TNFR-associated death domain
(TRADD) binds to the TNFR1 death domain (DD) and
recruits adapter protein receptor-interacting protein (RIP),
TNFR-associated factor 2 (TRAF2), and Fas-associated
death domain (FADD). When TNFR1 signals apoptosis,
FADD binds to procaspase-8 and activates it, eventually ini-
tiating the protease cascade reaction. Activation of endonu-
clease (such as EndoG) mediates DNA breakage and leads
to apoptosis. When TNFR1 signals survival, TRAF2 is
recruited to the complex, inhibiting apoptosis by cytoplas-
mic apoptotic protein inhibitor (cIAP). Activation of TRAF2
results in activation of cFos/cJun transcription factors
through mitogen-activated protein kinase (MAPK) and cJun

N-terminal kinase (JNK) [37, 38]. The TNFR1 core signaling
complex is thus formed and stabilized by RIPK1 ubiquitina-
tion, which ultimately mediates a cellular response. For
example, cytokine signaling and cell survival are induced
by activation of the NF-κB, JNK, and p38 pathways [39,
40]. The apoptotic pathway would be activated in the
absence of complete ubiquitination of RIPK1, leading to cell
apoptosis or necrosis [41].

TNFR2 has no dead domain and is only fully activated
by mTNF-α [42]. TNFR2 forms trimer and directly recruits
TRAF2, TRAF1, or TRAF3 [43]. The nuclear factor kappa-
light chain enhancer (NF-κB), Akt (protein kinase B), and
mitogen-activated protein kinase (MAPK) of B cells are then
activated to initiate their biological function [44, 45]. For
example, it promotes cell activation, migration, and prolifer-
ation; plays a protective role in cells; affects the amplification
and function of Treg; and also mediates apoptosis through
its cooperation with TNFR1 [45–47].

3. Physiological Role of TNF-α Molecule in the
Central Nervous System

In the adult brain, TNF is mainly derived from glia, astro-
cytes, and microglia, and its levels are low, but its role in
the central nervous system (CNS) is complex and multipo-
tent [48–50]. First, TNF-α regulates normal neurotransmit-
ter processes in different ways. For example, it not only
can induce a rapid increase in AMPA receptors but also
can decrease AMPAR levels in cortical surface and hippo-
campal neurons (a process achieved in the striatum through
the elimination of Ca2+ permeability inhibition) and
enhance tetrodotoxin insensitive Na+ channel currents in
the plasma membrane of dorsal root ganglion (DRG) neu-
rons. Furthermore, it also regulates the release of glutamate
by astrocytes [51–57]. Second, TNF-α plays a dual role in
neurogenesis through different inductive environments and
receptor subtypes [58]. For example, TNF-α can cause pro-
genitor cell death by abruptly stopping cell division [59]. It
exerts neuroprotective effects when it binds to TNFR2 recep-
tors expressed by human neural stem cells [60]. Third, TNF-
α can affect endothelial cells in CNS. These pathways include
influencing the morphology of endothelial cells, thereby
affecting BBB permeability, enhancing the adhesion between
leukocytes and endothelial cells, thereby facilitating leuko-
cyte migration to the central nervous system and inducing
angiogenic mediators that affect vascular endothelial cells
proliferation [61–63].

4. TNF-α in Stroke

The etiology of vascular lesions is obviously redox reaction
and stress-dependent [64]. In stroke, neurovascular units
can become dysfunctional due to the lack of oxygen and
nutrients [65]. During ischemia, changes in the brain
include the release of glutamate, the production of reactive
oxygen species (ROS) that cause oxidative stress, and activa-
tion of microglia, which can affect the secretion of proin-
flammatory mediators [66, 67]. Oxidative stress and
inflammatory response have bidirectional effects on the
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whole stroke process. When blood vessels are occluded or
underperfused, the immune response begins near the ische-
mic parenchyma and then extends to the ischemic zone,
eventually spreading throughout the body, and microglia
are activated and promote the release of TNF-α [68, 69].
Studies have shown that levels of TNF-α in brain tissue
may continue to rise 1 day after ischemic injury and corre-
late with their severity [70, 71]. TNF-α is a core mediator
in the immune processes of infection control, autoimmunity,
allergic diseases, and antitumor activity [15]. The mecha-
nism of TNF-α’s influence on vascular endothelium includes
stimulating the expression of tissue factors and leukocyte
adhesion molecules, activating matrix metalloproteinases,
and producing oxidative stress through xanthine oxidase
[61, 72]. These actions trigger local segments of blood vessels
and lead to local inflammation, thrombosis, and bleeding
[73]. Other studies have shown that TNF-α can disrupt the
protective barrier between brain circulation. These effects
include, first, stimulating the activation and proliferation of

astrocytes and microglia and, second, regulating apoptosis
factors, such as cysteine. Third, matrix metalloproteinase
(MMP) transcription is induction in ischemia and penum-
bra inflammation. The last induced transcription of cyto-
kines, such as IL-1 and IL-6 [74–77]. In addition, TNF can
also induce ischemia tolerance and regulate the signal trans-
duction of cerebral hypoxia and ischemia tolerance [78, 79].
In stroke outcomes, TNF-α is associated with epileptic sei-
zures, movement disorders, spasms, aphasia, pain, depres-
sion, and cognitive impairment [80–83]. Zaremba et al.
found that the level of TNF-α in cerebrospinal fluid (CSF)
was significantly increased in stroke patients, and the
increase of CSF and SERUM TNF-α in the first 24 hours
of stroke was also significantly associated with the severity
of a neurological stroke and the degree of dysfunction
according to SSS and BI scores [84]. However, in a clinical
study, the researchers found that the level of TNF-α was
not associated with functional outcomes after acute stroke
[85]. We speculate that this is because of how TNF-α plays
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a role in stroke prognosis, which is complex and diverse, and
these specific mechanisms need to be further investigated.
Doll et al. reviewed several preclinical and clinical studies
suggesting that TNF-α has neurotoxic or neuroprotective
effects in stroke. There were also conflicting findings when
TNF-α was used to predict prognosis. These seem to indicate
that the action of TNF-α is complex and bidirectional [26].
Because TNF-α ligand-receptor interactions are involved in
almost every aspect of stroke-induced brain injury, it is a
promising direction to use TNF-α as an inflammatory
marker to predict the outcome of stroke. On the other hand,
when TNF-α is used as a potential therapeutic target for
stroke, blocking TNF-α can reduce focal ischemic injury
and improve clinical outcomes [83, 86].

5. TNF-α Inhibitors

Ischemic stroke is a catastrophic disease. Unfortunately,
because of the limited time window for treatment, only a
small number of patients receive tissue plasminogen activa-
tor (tPA), which is the primary treatment; as a result, most
patients receive only supportive care [6, 26]. It is urgent to
renew the therapeutic drugs in the clinic. The positive effects
of treatment targeting TNF-α in stroke have been demon-
strated in preclinical studies over the past few years
(Table 1). There are three effective ways to interfere with
TNF-α action by blocking receptors, interfering with TNF-
α signal transduction, and removing TNF-α protein in effec-
tors [87]. Currently, TNF-α inhibitors, including enanercib,
infliximab, adalimumab, pertuzumab, and golimumab, are
mainly used to treat autoimmune diseases or inflammatory

diseases [87–89]. Intraventricular injection of TNFR1 decoy
receptors or anti-TNF-α antibodies, as well as systemic
injection of TACE inhibitors, can reduce ischemic brain
damage in stroke [90, 91]. After injecting TNF-α receptor
inhibitor R-7050 into stroke rats, Lin et al. found that R-
7050 reversed neuronal changes, TNF-α receptor/NF-κB
inflammatory signaling, and BBB destruction and ultimately
reduced the area of cerebral infarction [20]. In another
study, in older animals, mice treated with adalimumab
(TNF-α-inhibiting antibody) reduced poststroke defects
and improved poststroke survival [92]. When the preclinical
experiment is transformed into clinical application, the
researchers must overcome the adverse reactions. These
include the most worrisome severe infections, malignancies,
heart failure, and nerve demyelination, as well as other gen-
eral side effects, such as headache, rash, anemia, pharyngitis,
diarrhea, nausea, and abdominal pain [88, 93, 94]. Finally,
the safety of anti-TNF-α agents during pregnancy or lacta-
tion needs to be further explored [88]. In the meantime,
the researchers are still working to develop other types of
inhibitors to improve stroke outcomes. For example, the
IL-2/IL-2R antibody complex enhances Treg-induced neu-
roprotective effects by inhibiting TNF-α induced inflamma-
tion [95]. Contreras et al. proposed that the trimer TNF-R2
extracellular domain might be an innovative TNF-α antago-
nist [96]. Targeting P2X4 receptors improves postcentral
stroke pain through the TNF-α/TNFR1/GABAAR pathway
[97]. Given the fact that TNF-α inhibitors are less effective
at penetrating BBB, the researchers are also looking for
new types of inhibitors that can more easily move through
BBB and act more effectively in the damaged areas [98].

Table 1: Current research reports on use of TNF inhibitors in stroke.

Drug name Drug type
Research
type

Describe Ref. Year

R-7050
TNF-α receptor

inhibitors
Preclinical

Using a rat model of permanent cerebral ischemia, pretreatment with R-
7050 offered protection against poststroke neurological deficits, brain

infarction, edema, oxidative stress, and caspase 3 activations.
[20] 2021

Adalimumab
TNF-α-neutralizing

antibody
Preclinical

Older animals treated with adalimumab show a tendency to reduce
poststroke defects and improve survival in older animals after stroke.

[92] 2021

Infliximab TNF-α inhibitor Preclinical Improving stroke outcomes in a mouse model of rheumatoid arthritis. [18] 2019

Alpha-lipoic
acid and
etanercept

Free radical
scavenger/TNF-α

inhibitor
Preclinical

By inhibiting peripheral TNF-α and downregulating microglia
activation, it has protective effect on ischemic stroke rats.

[99] 2015

Infliximab and
etanercept

TNF-α inhibitor Preclinical
Compared with untreated rats, the volume of cerebral infarction was

significantly reduced in the etanercept or infliximab group.
[86] 2015

Etanercept TNF-α inhibitor Preclinical
Decreased middle cerebral artery remodeling but increased cerebral

ischemia injury in hypertensive rats.
[100] 2014

CNTO5048 TNF-α antibody Preclinical
In a mouse model of intracerebral hemorrhage, posttraumatic treatment
with CNTO5048 reduced neuroinflammation and improved functional

outcomes.
[101] 2013

Etanercept TNF-α inhibitor Clinical
Perispinal administration of etanercept improves clinical symptoms in
patients with chronic neurological dysfunction following stroke and

traumatic brain injury.
[102] 2012

CTfRMAb-
TNFR

Fusion protein Preclinical
CTfRMAb-TNFR fusion protein treatment can reduce hemispheric,
cortical, and subcortical stroke volume and neurological deficits and

prevent stroke.
[103] 2012
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These emerging studies provide new research ideas for anti-
TNF-α treatment of stroke.

6. Conclusion

In conclusion, although some current studies do not support
TNF-α as a clear marker of stroke, we still believe that it is
desirable to focus on TNF-α in the following studies, consid-
ering that TNF-α is involved in the occurrence, develop-
ment, and prognosis of stroke and has an indicative effect
on the disease. Therefore, it is a promising research direction
to use TNF-α as a biomarker of stroke development process
or prognosis. At the same time, anti-TNF-α therapy can
reduce brain damage in stroke, and it is also worth exploring
as a therapeutic target. To make TNF-α be a reliable marker
of stroke, the specific role and mechanism it plays in stroke,
the protective effect and mechanism of anti-TNF-α treat-
ment against brain injury, and how to reduce the side effects
of antibodies are the primary issues that need to be further
studied and solved by the researchers. There is a reason to
believe that the next marker of stroke is on the horizon with
the ongoing research.
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Purpose. The anterior cervical approach is commonly used clinically for cervical spondylosis, but it also results in frequent
postoperative dysphagia, which can increase the risk of complications and poor treatment satisfaction in severe cases.
Intraoperative local application of retropharyngeal steroids has an impact on reducing the occurrence and severity of
dysphagia; however, the results of current studies vary. The meta-analysis of this randomized trial was to evaluate the
effectiveness and safety of intraoperative topical retropharyngeal steroids for the control of dysphagia after anterior cervical
spine surgery. Methods. Two authors searched electronic databases such as PubMed, MEDLINE, EMBASE, Cochrane Library,
and Google Scholar, respectively. The search terms were “Dysphagia,” “Steroids,” “Anterior Cervical Discectomy and Fusion,”
etc. A random effects model was used to conduct a meta-analysis based on deviance information criteria. Results. A total of 8
studies were included in this meta-analysis after screening of 792 studies. Bazaz scores were not significantly different in the
steroid group at one day postoperatively (P = 0:38), and dysphagia was significantly improved at 14 days postoperatively (95%
CI: 0.15 to 0.64; P = 0:002). PSTSI was significantly improved one day (P = 0:03) and 14 days after surgery (P < 0:0001). VAS
scores were all lower versus controls (P < 0:001). Conclusion. Perioperative local retropharyngeal steroid administration as an
adjunct to anterior cervical spine surgery reduces the incidence and severity of dysphagia compared with placebo control.
However, future high-quality randomized controlled studies could incorporate nonsubjective dysphagia measures and long-
term follow-up on the occurrence of associated complications or other side effects.

1. Introduction

The current standard approach for the treatment of cervical
disc disease is anterior cervical spinal fusion (ACDF) using
the Smith-Robinson technique. This approach is considered
relatively safe and effective; however, it has been reported to
be associated with complications such as dysphagia, airway
damage, and vocal disturbances in up to 79% of patients
[1–3]. Although the exact pathophysiological mechanism
of dysphagia after anterior cervical spine surgery is not fully
understood, some studies have been proposed that it may be
the effect of local soft-tissue edema, paralysis of the recurrent
laryngeal nerve, or prevertebral soft-tissue swelling (PSTS)

[4–6]. Severe dysphagia after ACDF has been demonstrated
to lead to malnutrition, aspiration, increased risk of pulmo-
nary complications, and increased medical costs [7].

To reduce the incidence and severity of dysphagia, ste-
roids are often used in clinical practice. Corticosteroids are
known anti-inflammatory agents that inhibit the production
of inflammatory prostaglandins and cytokines. This inflam-
matory process is responsible for the swelling of the soft tis-
sues, which eventually leads to compression of the
esophagus and trachea. Several studies have shown that the
use of systemic corticosteroids after anterior cervical spine
surgery is beneficial in reducing the incidence and severity
of dysphagia [8–10]. While these results are encouraging,
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systemic administration of corticosteroids is also associated
with systemic side effects; this may be a limitation of this
route of administration. For this reason, the efficacy of top-
ical application of corticosteroids to the retropharyngeal
space for anterior cervical fusion has been investigated.
However, the reported results are not the same [11, 12],
and the association between local application of corticoste-
roids on postoperative tissue swelling and dysphagia has
not been well described. Therefore, to provide clear and uni-
form conclusions using the best available evidence, a system-
atic review and meta-analysis of randomized controlled
trials was conducted. The primary and secondary objectives
of this study were to determine whether the intraoperative
application of topical corticosteroids in anterior cervical sur-
gery has substantial clinical benefit in reducing the severity
of dysphagia and identify any clinically relevant complica-
tions associated with corticosteroid therapy.

2. Materials and Methods

The study was conducted following the guidelines outlined
in the PRISMA (preferred reporting items for systematic
reviews and meta-analysis) statement [13]. The data
included in this study are from published studies and are
not directly relevant to the patients. Therefore, ethics com-
mittee approval and informed consent were not required.

2.1. Identification of Studies. A comprehensive literature
search was conducted, to identify all published studies eval-
uating the efficacy of topically applied corticosteroids for
anterior cervical fusion. Two independent reviewers con-
ducted a systematic electronic search of PubMed, MED-
LINE, EMBASE, the Cochrane Library, and Google
Scholar. The search date is from the beginning to June 31,
2021. The keywords used for the search are “Dysphagia,”
“Deglutition Disorders,” “Swallowing Disorders,” “Steroids,”
“Cervical Vertebrae,” “Anterior Cervical Discectomy and
Fusion,” “ACDF” and their near synonyms, etc. There are
no restrictions based on publication date, language, or fol-
low-up.

2.2. Assessment of Eligibility. The following criteria were
used for study inclusion: (1) adult patients with cervical
spondylosis undergoing single- or multilevel anterior
decompression-only fusion; (2) perioperative topical corti-
costeroids, placebo in the control group, and no other inter-
ventions for dysphagia; and (3) RCT design.

The exclusion criteria are as follows: (1) trials that
explicitly include cases of trauma, tumor, or infection; (2)
abstracts, letters, or conference proceedings; and (3) studies
for which no extractable data are available.

2.3. Selection of Literature. It was filtered by scanning the
titles of each study to filter out inappropriate articles. An
independent reviewer then reviewed the abstracts of the
remaining studies and selected those that were potentially
relevant to our study. Two authors independently reviewed
the full text of these articles as well as the references for addi-
tional research. We then critically evaluated the studies
according to the inclusion and exclusion criteria and

assessed the quality of the randomized controlled trials
according to the suggested checklist. All differences were
resolved by consensus through discussion and further con-
firmed by a third author.

2.4. Assessment of Risk of Bias and Data Extraction. Study
quality was assessed using version 2 of the Cochrane Risk
of Bias Tool for Randomized Trials (RoB 2). Two reviewers
applied all criteria to each study independently, using a uni-
form methodology. Clinical outcome data from individual
studies were independently extracted into spreadsheets by
2 reviewers and reviewed against the original information
to avoid errors. Data extracted from the study included iden-
tifiers, study characteristics, patient demographics, interven-
tions, surgical data, perioperative PSTS, clinical dysphagia
outcomes, visual analog scale (VAS), and complications,
and disagreements were resolved through discussion and
negotiation. PSTS is measured as the ratio of the measured
anterior soft-tissue thickness of the vertebral body to the
anterior-posterior (AP) diameter of each vertebral body.
To compare the overall PSTS of the two groups, the mean
PSTS at C3, 4, and 5 where edema was observed to be most
pronounced was defined as the prevertebral soft-tissue swell-
ing index (PSTSI). PSTSI eliminates interindividual differ-
ences, such as vertebral width or any other abnormalities
in the cervical or retropharyngeal space, facilitating compar-
isons with other postoperative patients as well as with the
patients themselves [14, 15].

2.5. Statistical Analysis. The meta-analysis was analyzed
using Review Manager 5.3 (RevMan 5.3. Ink, Cochrane Col-
laboration, Oxford, United Kingdom). The I2 statistic (rang-
ing from 0 to 100%) was used to quantify the heterogeneity
between studies. I2 values >50% indicate significant hetero-
geneity, and random effects analysis was used to compare
heterogeneous results. There is likely to be a high degree of
heterogeneity between different randomized controlled trials
due to clinical and methodological factors. Thus, even if I2 is
small, the random effects model is applicable to the entire
meta-analysis. Continuous variables are reported as mean
differences and 95% confidence intervals, such as time to
surgery, and dichotomous variables (e.g., complications)
are reported as risk ratios and 95% confidence intervals; P
value < 0.05 was considered to indicate a significant differ-
ence. Funnel plots were performed to assess publication bias.

3. Results

3.1. Search Results. The flowchart of the search is shown in
Figure 1. The search yielded 792 studies, of which 39 were
duplicates. 742 studies were excluded based on title, abstract,
and full-text screening, leaving 12 possible articles. Three
other studies were excluded after full-text review because
they did not use topical steroids or were not RCTs. Of the
nine articles included, all were eligible for the meta-
analysis. These studies included a total of 632 patients, of
which 327 constituted the topical steroid group and the pla-
cebo group consisted of the remaining 305 patients. Table 1
summarizes the characteristics of the eight included articles.
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3.2. Risk of Bias. The Cochrane risk of bias assessment for
RCTs is shown in Figure 2. Two studies were found to have
a “high” risk of bias, primarily attributable to the randomiza-
tion process and outcome measures. For all studies, we used
the modified Jadad scale to evaluate the qualities of them,
where 3-5 scores mean high quality and 0-2 scores mean
low quality. For quality assessment, all studies included in
our research were of high quality [22] (Table 2).

3.3. Primary Outcome. In this series, the most commonly
used tool for assessing dysphagia is the Bazaz scale [20, 21,
23] or its modified version, the Modified Dysphagia Scoring
System (MDSS) [18, 19]. The Bazaz scale and MDSS have 4
levels: none, mild, moderate, and severe. Meta-analysis of
the Bazaz scale of dysphagia showed no significant difference

on the postoperative day (P = 0:38); however, at 2 weeks
postoperatively, the overall incidence and severity of dyspha-
gia were significantly lower in the patients in the topical ste-
roid group than in the control group (P = 0:002) (Figure 3).
Meta-analysis showed statistically significantly lower PSTSI
in the topical steroid group than in the control group both
one day after surgery and 2 weeks after surgery (1 day, P =
0:03 and 2 weeks, P < 0:0001) (Figure 4).

3.4. Secondary Outcome. A total of five studies reported VAS
scores at the follow-up time points. VAS scores were signif-
icantly lower in the topical steroid group than in the control
group one day postoperatively (I2 = 38%, P < 0:0001) versus
2 weeks postoperatively (I2 = 72%, P = 0:002) (Figure 5).

3.5. Publication Bias and Sensitivity Analysis. We performed
funnel plotting of the postoperative Bazaz score as well as
the PSTSI, and the funnel plot shows a symmetric distribu-
tion (Figures 6 and 7). Although the statistical power was
limited by the total number of studies, no significant bias
was found.

To determine the effect of each study on postoperative
Bazaz scores, postoperative PSTSI, and VAS scores, we per-
form a sensitivity analysis to verify the robustness of our
results. No significant effect on the results was observed after
excluding any single study, suggesting that the results of this
meta-analysis are relatively robust.

4. Discussion

ACDF is an effective treatment for degenerative cervical
spine disease when nonsurgical treatment has failed. Despite
the clinical success of ACDF, postoperative problems may
arise that the most common is dysphagia, the prevalence of
which can be as high as 79%. Our meta-analysis of 632
patients in eight randomized trials found that topical ste-
roids significantly reduced the occurrence and severity of
dysphagia and improved neck pain after ACDF surgery. This
is similar to the results of two previous systematic reviews
and a meta-analysis [24–26]; they support the use of steroids
to prevent dysphagia in patients undergoing anterior cervi-
cal fusion surgery. However, they included studies that also
included systemic intravenous application of steroid hor-
mones. Considering that topically applied steroids have a
lower risk of systemic reactions or complications, our study
compared the efficacy of topical steroid application with pla-
cebo control only. However, on the first postoperative day,
there was no significant difference in the incidence of dys-
phagia between the two groups of patients. It is likely that
the initial dysphagia on the first postoperative day is more
of a mechanistic effect caused by the inherent manipulation
of the esophagus by surgery [19], rather than due to swelling
or inflammation, as the swelling of the anterior neck tissue
gradually increases in the days following the procedure.
And the topical application of steroids is a combination of
steroids with gelatin sponges, which may delay the distribu-
tion and action of the drug, thus preventing any apparent
effect on the first postoperative day [17]. There are no

784 of records
identified through

database
searching

8 of additional
records identified

through other
sources

753 of records after duplicates
removed

753 of records
screened

742 of records
excluded

12 of full-text
articles assessed

for eligibility

9 of studies
included in
qualitative
synthesis

9 of studies
included in
quantitative

synthesis
(meta-analysis)

3 of full-text
articles excluded,

with reasons

Steroid
non-topical use

(n = 2)

not RCTs (n = 1)

Figure 1: PRISMA flowchart for the literature search.
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studies examining the exact pharmacokinetics of this route
and method of administration [16].

The prevertebral soft tissues observed on a lateral radio-
graph consist of the muscles, ligaments, and cervical fascia of
the pharynx or esophagus. Dissecting and stretching them
during ACDF, edematous and inflammatory changes occur
which leads to muscle and subperiosteal hemorrhage and
soft-tissue swelling, resulting in the development of PSTS
[27]. Dysphagia is common after ACDF surgery, and several
studies have shown that the occurrence and severity of post-
operative dysphagia are related to the degree of PSTS.
Related reports indicate that the most severe PSTS occurs
around the C4 vertebral body [14], and this is consistent
with the findings of Suk et al. Therefore, the mean value of
PSTS at C3, 4, and 5 (PSTSI) was used as the standardized
comparison parameter. This meta-analysis found that topi-
cal steroid hormone application reduced the degree of PSTSI
in patients on the first postoperative day, and at the second
postoperative week, the PSTSI values were significantly
lower in the steroid group compared to the control group.
The incidence of painful dysphagia immediately after sur-
gery was significantly lower in the steroid group than in
the control group, and recovery was also faster; this is attrib-
uted to the control of the local inflammatory response by
steroids and the subsequent reduction of the PSTS effect.

Esophageal perforation, one of the most dreaded compli-
cations of ACDF, has an incidence of 0.02% to 1.52% [28].
Topical steroids, on the other hand, increase the chance of
perforation because they may reduce the ability of soft tis-
sues to heal on their own. Only one study in this analysis
reported 2 cases of delayed esophageal perforation [11]; they
cautioned against the use of topical retropharyngeal steroids
in patients with a long history of chronic steroid application.
Corticosteroids reduce inflammation by decreasing neutro-
phil adhesion to the vascular endothelium and inhibit mac-
rophages by limiting chemotaxis, phagocytosis, and cytokine
release. However, while steroids suppress inflammation, they
also increase the risk of infection. Dahapute et al.’s study

Table 1: Baseline characteristics of studies included in the systematic review.

Study (year)
Experimental data Control data

Patients
Mean age

(yr)
Male
(%)

Patients
Mean age

(yr)
Male
(%)

Outcomes recorded
Follow-up
(month)

Dahapute 2020
[15]

25 50.4 76 25 50.4 76 PSTS, VAS, NDI 12

Ryan 2021 [16] 37 59 41 36 57 50 Bazaz, EAT-10 3

Kim 2021 [17] 56 58.1 48.2 53 58.4 54.7
EAT-10, SWAL-QOL, VAS,

NDI
1

Haws 2018 [12] 55 49.4 56.4 49 50.6 61.2 PSTS, SWAL-QOL, VAS 3

Jekins 2018 [18] 29 55.6 51.7 21 54 52.3
Bazaz, EAT-10, VAS neck pain,

NDI
12

Edwards 2016
[19]

27 54 41 23 54.5 39
Modified Dysphagia Scoring

System
1

Lee 2011 [11] 25 54.3 72 25 50.9 56 PSTS, VAS, NDI 22

Seddighi 2017
[20]

38 49.3 47.3 38 50.2 42.1 Bazaz, PSTS, VAS 6

Grasso 2019 [21] 35 46.1 51.4 35 45.5 48.5 Bazaz, VAS 12

Seddighi 2017

Ryan 2021

Lee 2011

Kim 2021

Jekins 2018

Haws 2018

grasso 2019

Edwards 2016

Dahapute 2020
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Figure 2: Risk-of-bias assessment.
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showed that there were no significant differences in postop-
erative inflammatory indicators of white blood cell count
and CPR between the two groups, and one case of infection
was reported in the placebo group. Corticosteroids can pro-
mote apoptosis of osteoblasts and bone cells, which may
affect bone healing as well as increase the risk of prosthetic
joints. In this meta-analysis, although some studies reported
cases of postoperative pseudarthrosis, but at subsequent fol-
low-up, there were signs of bone nonunion in both groups,
while excluding the possibility of a significant effect of ste-
roids on bone healing [15]. However, this result should be
interpreted with caution, because two of the eight studies
did not report infection rates and four did not report pseu-

darthrosis rates. It is possible that the distant adverse effects
and complications of steroids were not captured due to the
short follow-up period.

The current study observed some limitations. Given the
variation in the types and doses of steroids used in each
study, we are unable to provide information on the best
treatment regimen for reducing the rate and severity of post-
operative dysphagia after ACDF, and better treatment doses
may exist. We suggest that a relevant randomized controlled
trial could be conducted to find the best clinical treatment
option to reduce postoperative dysphagia using different
types and different doses of topical steroids. Currently, one
of the challenges in evaluating dysphagia is that there is no

Table 2: Results of equality evaluation of included trials.

Study (year) Random sequence generation Allocation concealment Blindness Withdrawal and lost visits Modified Jadad scale

Dahapute 2020 Random grouping Appropriate Appropriate Describe 7

Ryan 2021 Random grouping Appropriate Appropriate Describe 7

Kim 2021 Random grouping Appropriate Appropriate Describe 7

Haws 2018 Random grouping Appropriate Appropriate Describe 7

Jekins 2018 Random grouping Appropriate Appropriate Unclear 6

Edwards 2016 Random grouping Appropriate Appropriate Unclear 6

Lee 2011 Random grouping Unclear Unclear Describe 5

Seddighi 2017 Random grouping Unclear Unclear Unclear 4

Grasso 2019 Random grouping Unclear Unclear Unclear 4

Study or subgroup
1.2.1 Bazaz po1
Edwards 2016
grasso 2019
Jekins 2018
Ryan 2021
Seddighi 2017
Subtotal (95 % CI)
Total events

1.2.2 Bazaz PO14
Edwards 2016
grasso 2019
Jekins 2018
Ryan 2021
Seddighi 2017
Subtotal (95 % CI)
Total events
Heterogeneity: Tau2 = 0.25; Chi2 = 6.29, df = 4 (p = 0.18); I2 = 36 %

Heterogeneity: Tau2 = 0.49; Chi2 = 17.83, df = 8 (p = 0.02); I2 = 55 %

Test for overall effect: Z = 3.13 (p = 0.002)

Test for overall effect: Z= 2.71 (p = 0.007)
Test for subgroup differences: Chi2 = 1.12. df = 1 (p = 0.29). I2 = 10.8 %

Total (95 % CI)
Total events

331

9

23
3

15
24
38

27
35
29
37
38

16
15
13
26
38

16
15
13
26
38

23
35
21
36
38

10.3 %
10.5 %
12.3 %
13.6 %

46.6 %153
108

166
103

2
4

15
32

27
35
29
36
38

16
15

6
18
36

23
35
21
36
38

165 153

11.8 %
9.0 %

10.0 %
14.2 %

8.4 %
53.4 %

0.22 [0.07, 0.72]
0.08 [0.02, 0.39]
0.40 [0.10, 1.65]
0.71 [0.28, 1.81]
0.30 [0.06, 1.57]
0.31 [0.15, 0.64]

2.52 [0.63, 10.04]
0.13 [0.03, 0.49]
0.66 [0.21, 2.07]
0.71 [0.26, 1.92]

Not estimable
0.62 [0.21, 1.81]

62 91

165 199
306 100.0 % 0.42 [0.22, 0.79]

0.01 0.1 10
Favours [experimental] Favours [control]

1001

Heterogeneity: Tau2 = 0.80; Chi2 = 9.38, df = 3 (p = 0.02); I2 = 68 %
Test for overall effect: Z = 0.87 (p = 0.38)

Experimental Control Odds Ratio Odds Ratio
M-H. Random. 95 % CI M-H. Random. 95 % CIEvents Events WeightTotal Total

Figure 3: Primary outcome on the first postoperative day. Bazaz assessed no significant difference in the incidence and severity of dysphagia
between the two groups. However, the steroid group was significantly lower than the control group at 14 days postoperatively. PO:
postoperative.
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“gold standard” outcome indicator. Therefore, the included
studies took different outcome scores for the postoperative
dysphagia measure, so comparable data were not available
for some of the studies, which may have biased the results.
Also, differences in the design, definition, and outcome mea-
sures of studies of postoperative dysphagia in ACDF may be
one reason for the wide variation in reported prevalence.
Although relevant patient-centered dysphagia question-
naires and indicators have been validated, there is a subjec-
tive component to patient response, and more invasive

modalities such as barium swallow tests and video laryngeal
endoscopy can eliminate this subjective factor. In addition,
the greatest change in dysphagia severity in the included
study population appeared to occur in the first 2 weeks post-
operatively. However, incidence and severity were measured
only a small number of times during this period, thus
obscuring the exact onset and duration of postoperative dys-
phagia that may be reduced by topical steroids in patients
undergoing ACDF surgery. In the included studies, the
short- to medium-term follow-up may have missed the time

Study or subgroup
2.1.1 PTST1 PO1

2.1.2 PTSTI PO14

Dahapute 2020 0.61
0.58
0.69

0.48
0.78
0.45
0.58

0.13
0.18
0.11
0.13

0.57
0.86
0.51
0.64

0.13
0.16
0.11
0.13

25
49
25
38

137

225

11.3 %
13.5 %
15.3 %
16.5 %
56.7 %

100.0 %

25
55
25
38

143

231

0.067
0.19
0.31

25
25
38

0.65
0.74
0.83

0.067
0.19
0.31

88

25
25
38
88

34.5 %
5.6 %
3.2 %

43.3 %

−0.04 [−0.08, −0.00]
−0.16 [−0.27, −0.05]
−0.14 [−0.28, −0.00]
−0.10 [−0.19, −0.01]

−0.09 [−0.16, −0.02]
−0.08 [−0.15, −0.01]
−0.06 [−0.12, −0.00]
−0.06 [−0.12, −0.00]
−0.07 [−0.10, −0.04]

−0.07 [−0.09, −0.04]

Haws 2018
Lee 2011
Seddighi 2017
Subtotal (95 % CI)

Total (95 % CI)

Dahapute 2020

Favours [experimental] Favours [control]
−1 −0.5 0.50 1

Lee 2011
Seddighi 2017
Subtotal (95 % CI)

Experimental
Mean SD Total Mean SD Total

Control Mean Difference
Weight IV, Random, 95% CI

Mean Difference
IV, Random, 95% CI

Heterogeneity: Tau2 = 0.00; Chi2 = 5.83, df = 2 (p = 0.05); I2 = 66 %

Heterogeneity: Tau2 = 0.00; Chi2 = 0.60, df = 3 (p = 0.90); I2 = 0 %

Heterogeneity: Tau2 = 0.00; Chi2 = 6.70, df = 6 (p = 0.35); I2 = 10 %

Test for subgroup differences: Chi2 = 0.34. df = 1 (p = 0.56). I2 = 0 %

Test for overall effect: Z = 2.17 (p = 0.03)

Test for overall effect: Z = 4.35 (p < 0.0001)

Test for overall effect: Z = 5.20 (p < 0.00001)

Figure 4: PSTSI was significantly different in the steroid group on the first postoperative day and on postoperative day 14.

Study or subgroup
3.1.1 VAS PO1
Dahapute 2020
Grasso 2019
Jekins 2018
Lee 2011

Favours [experimental] Favours [control]

Seddighi 2017
Subtotal (95 % CI)

3.1.2 VAS PO14
Dahapute 2020
Grasso 2019

Jekins 2018
Haws 2018

Lee 2011
Seddighi 2017

Total (95 % CI)

Subtotal (95 % CI)

Experimental
Mean

7.28
4
6

2.5
2.9

0.28
3.2
3.2

1.2
1.4

4

25
35
55

25
38

207

359

29

25
35
49

25
38

193

337

21

17.1 %
3.7 %

12.5 %

10.2 %
5.3 %

59.2 %

100.0 %

10.4 %

0.8
6.2
3.5

3.5
3.9

6

0.47
6.28

2.5

2.32
5.1

2.22

0.47
6.28

2.5

2.32
5.1

2.22

1.25
6.28
2.96
2.82
5.89

25
35
29
25
38

152

25
35
21
25
38

144

14.5 %
3.7 %
9.9 %
8.5 %
4.3 %

40.8 %

8.52
7
7

5.3
6.2

1.25
6.28
1.85
2.82
5.89

SD Total Mean SD Total
Control Mean Difference

Weight IV, Random, 95% CI
Mean Difference

IV, Random, 95% CI

−0.24 [−1.93, −0.55]
−3.00 [−5.94, −0.06]
−1.00 [−2.34, −0.34]
−2.80 [−4.36, −1.24]
−3.30 [−5.95, −0.65]
−1.80 [−2.66, −0.94]

−0.52 [−0.78, −0.26]
−3.00 [−5.94, −0.06]
−0.20 [−1.16, −0.76]
−2.00 [−3.25, −0.75]
−2.30 [−3.59, −1.01]
−2.50 [−4.79, −0.21]
−1.38 [−2.25, −0.51]

−1.57 [−2.20, −0.93]

−10 −5 0 5 10

Heterogeneity: Tau2 = 0.35; Chi2 = 6.48, df = 4 (p = 0.17); I2 = 38 %

Heterogeneity: Tau2 = 0.69; Chi2 = 17.57, df = 5 (p = 0.004); I2 = 72 %

Heterogeneity: Tau2 = 0.59; Chi2 = 32.46, df = 10 (p = 0.0003); I2 = 69 %

Test for subgroup differences: Chi2 = 0.46. df = 1 (p = 0.50). I2 = 0 %

Test for overall effect: Z = 4.10 (p < 0.0001)

Test for overall effect: Z = 3.12 (p = 0.002)

Test for overall effect: Z = 4.85 (p < 0.00001)

Figure 5: Secondary outcome VAS scores was significantly lower in the steroid group than in the control group on both postoperative day 1
and day 14.
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to maximum benefit for patients, as well as long-term out-
come indicators, including fusion rates. However, we can
say with confidence that the use of topically applied steroids
is effective and does not significantly increase the risk of
complications. But the differences between the included
studies make it difficult to provide clear and specific recom-
mendations. Therefore, future studies could include nonsub-
jective measures of dysphagia, more frequent documentation

of patient-reported dysphagia, larger study populations, sub-
group analyses, and cost-effectiveness analyses of intraoper-
ative steroid use to reduce dysphagia after ACDF surgery.

5. Conclusion

This meta-analysis found moderate-quality evidence sup-
porting perioperative topical steroid administration as an

SE (log [OR])
0

0.2

0.4

0.6

0.8

0.01 0.1 1 10 100

OR
1

Bazaz P01
Bazaz P014

Subgroups

Figure 6: Funnel plot of the Bazaz scores.

SE (MD)
0

0.02

0.04

0.06

0.08

−1 −0.5 0 0.5 1

MD
0.1

PTST1 P01
PTSTI P014

Subgroups

Figure 7: Funnel plot of the PSTSI.
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adjunct to anterior cervical spine surgery to reduce the inci-
dence and severity of dysphagia compared with placebo.
Future high-quality randomized comparative effectiveness
trials are assured.
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Background. Circular RNAs (circRNAs) have been reported to play important roles in the development and progression of
papillary thyroid carcinoma (PTC). However, the function and molecular mechanism of circRNA low-density lipoprotein
receptor (circLDLR) in the tumorigenesis of PTC remain unknown. Results. In this study, circLDLR was found to be markedly
upregulated in PTC tissues and cell lines, and knockdown of circLDLR inhibited PTC cell proliferation, migration, and
invasion but induced apoptosis in vitro. Moreover, circLDLR acted as a sponge for miR-637, and miR-637 interference
reversed the anticancer effects of circLDLR knockdown on PTC cells. LMO4 was verified to be a target of miR-637; LMO4
upregulation abolished miR-637 mediated inhibition of cell growth and metastasis in PTC. Additionally, circLDLR could
indirectly modulate LMO4 via acting as a sponge of miR-637 in PTC cells. Besides that, xenograft analysis showed that
circLDLR knockdown suppressed tumor growth in vivo via regulating LMO4 and miR-637. Conclusion. Taken together, these
results demonstrated that circLDLR promoted PTC tumorigenesis through miR-637/LMO4 axis, which may provide a novel
insight into the understanding of PTC tumorigenesis and be useful in developing potential targets for PTC treatment.

1. Introduction

Thyroid cancer is the most common type of human malig-
nancies in endocrine system and is histologically categorized
into papillary, follicular, medullary, anaplastic, and poorly
differentiated thyroid cancer [1, 2], among which, papillary
thyroid carcinoma (PTC) is the most common type of thy-
roid carcinomas with a rising prevalence at an average annual
rate of nearly 4% in recent years [1, 2]. Early PTC has rela-
tively good survival, while the 5-year survival rate of PTC
with advanced stage is only 59% [3]. Importantly, although
great advance in the clinical treatment of PTC, including sur-
gery and/or physiotherapy or chemotherapy, recurrence and
metastasis still occurred with high rates [4]. Thus, it is of
great significance to further identify the pathogenesis of
PTC to develop novel effective treatments for PTC.

Circular RNAs (circRNAs) are one of stable and highly
conservative noncoding RNA molecules with a covalently
closed loop lacking the 5′-end cap and the 3′-end poly A tail

[5, 6]. Increasing studies have shown the involvement of cir-
cRNAs in the tumorigenesis of many types of malignancy,
such as gastric cancer [7], bladder cancer [8], hepatocellular
carcinoma [9], and so on. Besides, previous studies also
revealed that abnormal expression of circRNAs is drawn
into the initiation and progression of PTC through by affect-
ing the malignant behaviors of cancer cells [10, 11]. Circular
RNA low-density lipoprotein receptor (circLDLR, hsa_circ_
0003892) is a derived from LDLR gene with the length of
544 bp; it locates at chr19: 11230767-11238761. According
to the analysis of GSE93522 dataset, the expression of
circLDLR was found to be aberrantly upregulated in PTC.
However, the biological functions of circLDLR in the pro-
gression of PTC remain unknown.

MicroRNAs (miRNAs) are one of small noncoding
RNAs and can modulate specific gene expression programs
by regulating posttranslational processes [9]. miRNAs have
been documented to be involved in a variety of biological
functions in cancers, thus affecting tumor progression [12].
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Recently, Yuan et al. demonstrated that lncRNA HOTTIP
promoted PTC progression by inducing cell malignant bio-
logical behavior via targeting miR-637 [13]. However, the
action and molecular mechanism of miR-637 in PTC pro-
gression remain vague. Additionally, it is well known that
miRNAs commonly exert their functions through targeting
3′-UTR of their target genes [14]. LIM-only protein 4
(LMO4) is a member of LIM domain only proteins (LMOs),
which belongs to a subfamily of LIM-containing proteins
[15]. Previous study showed LMO4 was increased in PTC
and promoted cell growth, migration, and invasion via cir-
cBACH2/miR-139-5p/LMO4 axis [16]. Thus, it is not clear
whether LMO4 is involved in PTC tumorigenesis as a target
of miR-637.

In this study, we investigated the function of circLDLR
in PTC carcinogenesis in vitro and in vivo and evaluated
whether circLDLR exerted it biological functions via
circLDLR/miR-637/LMO4 in regulating cell biological
behaviors of PTC.

2. Materials and Methods

2.1. Clinical Specimens. Tumor tissues and para-tumor sam-
ples were collected from 45 PTC patients in Wuhan
No.1.Hospital and then immediately stored at -80°C until
RNA isolation. The screening of included PTC patients
was shown in Fig. S1. Follow-up was conducted regularly
every 3 months in the first 2 years after surgery and reduced
to every 6 months from the third year. The last follow-up
was performed in April 2019. We had obtained the agree-
ment of the Ethics Committee of Wuhan No.1.Hospital,
and written informed consent was collected form all patients
before this study.

2.2. Cell Culture and Transfection. Human thyroid follicular
epithelial cell line Nthy-ori 3-1 and human thyroid cancer
cell lines (TPC-1, IHH-4) were purchased from Shanghai
Academy of Life Science (Shanghai, China) and then were
grown in RPMI-1640 medium (Gibco, Carlsbad, CA, USA)
in accompany with 10% fetal bovine serum (FBS, Gibco) at
37°C with 5% CO2.

Small interfering RNA (siRNA) sequences targeting
circLDLR (si-circLDLR, 5′-GTCCTCCCCATCGGACAAA
GTdtdt-3′), pcDNA3.1-circLDLR overexpression vector
(circLDLR), pcDNA3.1-LIM domain only 4 (LMO4) overex-
pression vector (LMO4), their negative control (si-NC: 5′-
TTCTCCGAACGTGTCACGT-3′, circ-NC, vector), lentivi-
ral particles stably expressing either short hairpin RNA-
(shRNA-) targeting circLDLR (sh-circLDLR, 5′-CCGGGT
CCTCCCCATCGGACAAAGTCTC GAGACTTTGTCCGA
TGGGGAGGACTTTTTG-3′) or a scrambled control
sequence (sh-NC, 5′-TTCTCCGAACGTGTCACGTTCAA
GAGACGTGACACGTTCGGA G AATTTTTT-3′) were
designed and synthesized by Invitrogen (Carlsbad, CA,
USA). The miR-637 mimic (sense, 5′-ACUGGGGGCUU
UCGGGCUCUGCGU-3, antisense, 5′-GCAGAGCCC GAA
AGCCCCCAGUUU-3′), miR-637 inhibitor (anti-miR-637)

(5′-ACGCAGAGC CCGAAAGCCCCCAGU-3′), and their
negative control (mimic control (NC): sense, 5′-UUCUCC
GAACGUGUCACGUTT-3′, antisense, 5-ACGUGA CACG
UUCGGAG AATT-3′; and inhibitor control (anti-NC):
sense, 5′-CAGUACUU UUGUGUAGUCA A-3′) were
achieved by RiboBio (Guangzhou, China). The transfection
was conducted using Lipofectamine 3000 (Invitrogen) for
48h.

2.3. Quantitative Real-Time Polymerase Chain Reaction
(qRT-PCR). The isolation of total RNA was performed with
the help of Trizol reagent (Invitrogen). A PARIS Kit (Invi-
trogen) was used to define the subcellular localization of
circLDLR according to the manufacturer’s instructions.
Complementary DNA (cDNA) generation was conducted
using a High-Capacity cDNA Reverse Transcription Kit
(Qiagen, Valencia, CA, USA), and then, qPCR was imple-
mented by a miScript SYBR Green PCR Kit (Qiagen). The
relative expression was detected using the 2–ΔΔCt method
with glyceraldehyde-3-phosphate dehydrogenase (GAPDH)
or U6 small nuclear B noncoding RNA (U6) as an internal
control. The PCR reaction program started at 95°C for
2min, 40 cycles for 95°C for 10 s followed by 60°C for 30 s.
The same experiment was repeated three times, and the aver-
age was taken. The primer sequences are as follows: circLDLR:
F, 5′-CGTTGATGATATCTGTCCAAAATACTTTGTC-3′,
R, 5′-CGATGGGGAGGACAATGGACAGAGCCCTC-3′;
miR-637: F, 5′-ACUGGGGGCUUUCGGGCUCUGCGU-3′,
R, 5′-ACGCAGAGCCCGAAAGCCCCCAGU-3′; LMO4: F,
5′-GGGATCGGTTCCACTACATCA-3′, R, 5′-GGTGAC
AATGAGGAAGGGCTA-3′; GADPH: F 5′-GAGAAACCT
GCCAAGTATGATGAC-3′, R 5′-GGAGTTGCTGTTGA
AGTCAC-3′, U6: F, 5′-CTCGCTTCGGCAGCACA-3′, R,
5′-AACGCTTCACGAATTTGCGT-3′.

2.4. RNase R Treatment. The RNA (2μg) was interacted with
or without RNase R (3U/mg, Qiagen) at 37°C for 20min.
Then, the resulting RNA was purified using an RNeasy
MinElute Cleanup Kit (Qiagen) and subjected to qRT-PCR
analysis. The results represent as the average of three inde-
pendent replicates.

2.5. Cell Proliferation Analysis. For cell counting kit-8 (CCK-
8) assay, TPC-1 and IHH-4 cells transfected with the
assigned vector were placed in 96-well plates overnight
(1 × 104 cells/well) and then incubated with 10μL CCK-8
solution (Beyotime, Shanghai, China) for another 2 h at 24,
48, 72, or 96 h. Subsequently, the absorbance at 450nm
was measured. The experiment was repeated at least three
times.

For colony formation assay, transfected cells (5000/well)
with RPMI-1640 medium were seeded in 6-well plates, and
the medium was replaced with new medium every 3 days.
Finally, the typical images were photographed, and the num-
ber of visible colonies (≥50 cells) was counted after 14 days
of incubation. The experiment was repeated three times.
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2.6. Flow Cytometer. Transfected TPC-1 and IHH-4 cells
(1 × 104 cells/μL) were collected and resuspended in binding
buffer; then, 10μL Annexin V-FITC and propidium iodide
(PI) were added into the cell suspension and interacted for
15min under darkness. The apoptotic cells were evaluated
by FACScan flow cytometer within 1 h. Three replicate wells
were set in each group, and the experiment was repeated
three times.

2.7. Transwell Assay. The invasion ability of cells was
detected by a 24-well transwell chamber (8μm; Corning
Costar, Cambridge, MA) precoated with Matrigel. Following
transfection, cells suspended in serum-free medium (3 × 105
cells/mL) were seeded in the upper chamber of transwell;
then, 500μL complete medium mixed with 10% FBS was
added into the lower chambers. 24 h later, invaded cells were
counted by a microscope. The results represent as the aver-
age of three independent replicates.

2.8. Wound Healing Assays. Cell migration was analyzed by
wound healing assays. Transfected cells were seeded into a 6-
well plate (1 × 104 cells/mL) overnight. Then, a sterile micro-
pipette tip was utilized to create wounds in cell monolayers,
followed by washing with PBS to remove free-floating cells
and cell debris. After 24 h, representative images were
captured, and the distance was measured to calculate cell
migration. Experiments were performed three times, and
the average was taken.

2.9. Western Blot. Proteins were extracted using RIPA lysis
buffer (Beyotime, Beijing, China). Extractive proteins were
separated by sodium dodecyl sulfate polyacrylamide gel elec-
trophoresis and then shifted onto polyvinylidene fluoride
membranes. The antibodies used in this study included
cleaved-caspase3 (C-caspase3) (1 : 1000, ab2302, Abcam,
Cambridge, MA, USA), matrix metallopeptidase 2 (MMP2)
(1 : 5000; ab92536, Abcam), MMP9 (1 : 2000, ab38898,
Abcam), LMO4 (1 : 5000, ab131030, Abcam), proliferating
cell nuclear antigen (PCNA) (1 : 5000, ab29, Abcam),
GAPDH (1 : 10000, ab181602, Abcam) primary antibodies
(overnight, 4°C), and HRP-conjugated secondary antibody
(1 : 3000, Sangon, Shanghai, China) (1 h, 37°C). The same
experiment was repeated three times.

2.10. Dual-Luciferase Reporter Assay. The bioinformatics
analysis was executed by the online database CircInteractome
(https://circinteractome.nia.nih.gov/) or Targetscan (http://
www.targetscan.org/vert_71/). Dual-luciferase reporter assay
was used for validating the interaction between miR-637 and
circLDLR or LMO4. Wild (wt) type and mutant (mut)
circLDLR and LMO4 3′ UTR containing the predicted bind-
ing sites of miR-637 were cloned into the pmirGLO Vector
(Promega, Shanghai, China) to generate pmirGLO-
circLDLR-wt, pmirGLO-circLDLR-mut, pmirGLO-LMO4-
wt, or pmirGLO-LMO4-mut. Then, these constructed vectors
combined with miR-637 mimic or mimic control (miR-NC)
were cotransfected into TPC-1 and IHH-4 cells using Lipofec-
tamine 3000 (Invitrogen). 48h later, the luciferase activity nor-
malized to Renilla luciferase activity was examined by a dual

luciferase assay kit (Promega). The same experiment was
repeated three times.

2.11. RNA Immunoprecipitation (RIP) Assay. TPC-1 and
IHH-4 cells were lysed RIP buffer (Millipore, Billerica, MA,
USA), and cellular lysates were incubated with magnetic
beads conjugated with human anti-Argonaute2 (Ago2) anti-
body (Millipore) or normal mouse IgG (Millipore) at 4°C for
4 h, followed by interaction with Proteinase K to digest the
protein. Finally, immunoprecipitated RNA was extracted,
and purified RNA was subjected to qRT-PCR analysis. Anal-
yses were performed in triplicates.

2.12. Xenograft Experiments In Vivo. BALB/c nude mice
(N = 6, 4-6 weeks old) were obtained from National Labora-
tory Animal Center (Beijing, China). 1 × 106 TPC-1 cells
stably transfected with sh-circLDLR or sh-NC were subcuta-
neously injected into the flanks of the nude mice. Tumor size
was determined each week to calculate tumor volume. At
day 35, mice were euthanized, and tumors of each group
were weighed and harvested for molecular analysis. Mice
were killed by cervical dislocation after deep anesthesia with
2% isoflurane. All experiments were done in Wuhan
No.1.Hospital and approved by the Animal Research Com-
mittee of Wuhan No.1.Hospital.

2.13. Statistical Analysis. Data of at least three experiments
were shown as mean values with standard deviation (SD).
All statistical analyses were performed using the GraphPad
Prism 7 software. Statistical differences between groups were
analyzed using Student’s t-test, one-way or two-way analy-
sis of variance (ANOVA) followed by Tukey’s test as
appropriate. The correlation analysis was carried out with
Pearson correlation analysis. P value < 0.05 (∗), P value <
0.01 (∗∗), or P value < 0.001 (∗∗∗) was considered as sta-
tistically significant.

3. Results

3.1. CircLDLR Expression in PTC and Its Correlation with
Overall Survival. The expression of circLDLR in 45 PTC tis-
sues and matched normal tissues was detected, and qRT-
PCR analysis displayed that circLDLR was remarkably ele-
vated in tumor tissues relative to those in normal tissues
(Figure 1(a)). Then, the correlations of circLDLR expression
and special clinicopathological parameters of PTC were ana-
lyzed; it was proved that higher circLDLR expression was
correlated with advanced TNM stages, tumor size, and
lymph node metastasis (Table 1, P < 0:05). Besides that,
patients with PTC were divided into two groups depending
on the median level of circLDLR expression, and we found
that patients in the high circLDLR group had a significantly
shorter overall survival than those in the low circLDLR
group (Figure 1(b)). Then, the expression of circLDLR in
cells was measured; as expected, circLDLR also was higher
in PTC cell lines (TPC-1 and IHH-4) than those in normal
Nthy-ori 3-1 cell lines (Figure 1(c)). Afterwards, the stability
of circLDLR was investigated. Total RNA from proliferating
TPC-1 and IHH-4 cells was treated with RNase R; by con-
trast with linear LDLR mRNA, circLDLR could resistant to
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the degradation by RNase R, indicating circLDLR stably
functioned as a typical circRNA (Figure 1(d)). Besides that,
qRT-PCR indicated that circLDLR was distributed mainly
in the cytoplasm (Figure 1(e)). These data confirmed that
circLDLR expression was elevated in PTC, and high
circLDLR predicted poor overall survival in patients with
PTC.

3.2. CircLDLR Knockdown Suppresses Cell Malignant
Phenotypes in PTC. To explore the function of circLDLR in
PTC, TPC-1 and IHH-4 cells were transfected with si-
circLDLR or si-NC; then, qRT-PCR analysis showed that
circLDLR expression was significantly reduced by si-
circLDLR as expected (Figure 2(a)). Subsequently, CCK-8
assay indicated that circLDLR knockdown inhibited the
proliferation of TPC-1 and IHH-4 cells (Figure 2(b)); sim-
ilarly, colony formation analysis also revealed that
circLDLR silencing decreased the number of colonies
formed in TPC-1 and IHH-4 cells (Figure 2(c)). Con-
versely, the apoptosis of TPC-1 and IHH-4 cells was
induced by circLDLR knockdown (Figure 2(d)). Mean-
while, transwell assay suggested that the invasion ability
of TPC-1 and IHH-4 cells was suppressed by circLDLR
downregulation (Figure 2(e)); besides, wound-healing assay
showed that circLDLR knockdown also inhibited the
migration of TPC-1 and IHH-4 cells (Figures 2(f) and
2(g)). Moreover, the expression of C-caspase3 was upregu-
lated, while MMP2 and MMP9 expression was downregu-

lated by circLDLR knockdown in TPC-1 and IHH-4 cells
(Figures 2(h) and 2(i)). Taken together, circLDLR knock-
down suppressed PTC progression.
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Figure 1: CircLDLR expression in PTC and its correlation with overall survival. (a) qRT-PCR analysis of circLDLR expression in 45 PTC
tissues and matched normal tissues. (b) Kaplan-Meier survival curve analysis for the correlation between circLDLR expression and overall
survival rate in PTC. (c) qRT-PCR analysis of circLDLR expression in PTC cell lines (TPC-1 and IHH-4) and normal Nthy-ori 3-1 cell lines.
(d) qRT-PCR analysis of circLDLR and LDLR mRNA expression in TPC-1 and IHH-4 cells in the presence or absence of RNase R (e)
Nuclear and cytoplasmic fraction experiment displaying the location of circLDLR in TPC-1 and IHH-4 cells. ∗∗∗P < 0:001.

Table 1: Correlation between circLDLR expression and
clinicopathological parameters of papillary thyroid carcinoma
patients (n = 45).

Clinical feature
circLDLR

n High Low P value

Age 0.449

≥45 24 11 13

<45 21 12 9

Gender 0.884

Man 23 12 11

Woman 22 11 11

TNM stage 0.011

I/II 18 5 13

III/IV 27 18 9

Tumor size (cm3) <0.001
≥3 24 18 6

<3 21 5 16

Lymph node metastasis 0.005

N0 23 7 16

N1 22 16 6
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Figure 2: Continued.
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Figure 2: CircLDLR knockdown suppresses cell malignant phenotypes in PTC. TPC-1 and IHH-4 cells were transfected with si-circLDLR
or si-NC. (a) qRT-PCR analysis of circLDLR expression in TPC-1 and IHH-4 cells after transfection. (b, c) The proliferation analysis of
TPC-1 and IHH-4 cells using CCK-8 assay and colony formation assay. (d) Flow cytometry analysis of apoptosis of TPC-1 and IHH-4
cells. (e–g) The analysis of invasion and migration abilities of TPC-1 and IHH-4 cells using transwell assay and wound healing assay.
(h, i) Western blot analysis of C-caspase3, MMP2, and MMP9 protein levels. ∗∗P < 0:01, ∗∗∗P < 0:001.
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Figure 3: CircLDLR functions as an efficient miR-637 sponge in PTC cells. (a) Potential binding sites of circLDLR in miR-637 sequences.
(b, c) Interaction analysis between circLDLR in miR-637 in TPC-1 and IHH-4 cells using the dual-luciferase reporter assay and RIP assay.
(d) qRT-PCR analysis of miR-637 expression in TPC-1 and IHH-4 cells transfected with circ-NC, circLDLR, si-circLDLR, or si-NC. (e)
Levels detection of miR-637 in 45 PTC tissues and matched normal tissues with qRT-PCR. (f) The correlation analysis between circLDLR
and miR-637 using Pearson correlation analysis. (g) qRT-PCR analysis of miR-637 expression in PTC cell lines (TPC-1 and IHH-4) and
normal Nthy-ori 3-1 cell lines. ∗∗P < 0:01, ∗∗∗P < 0:001.
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3.3. CircLDLR Functions as an Efficient miR-637 Sponge in
PTC Cells. It has been reported that circRNAs can act as
miRNA sponges to modulate the expression of downstream
mRNAs [17]. Thus, whether circLDLR enhanced the malig-
nant biological behaviors of PTC cell by sponging miRNAs
was explored. According to prediction of CircInteractome,

seven miRNAs with high score were selected, and we found
that circLDLR knockdown significantly led to an increase of
miR-637 expression in TPC-1 cells (Fig. S2). Thus, we
hypothesized that miR-637 might be a target of circLDLR.
The binding sites of miR-637 on circLDLR are shown in
Figure 3(a). Then, the dual luciferase reporter assay
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Figure 4: miR-637 interference reverses the antitumor effects induced by si-circLDLR in PTC cells. TPC-1 and IHH-4 cells were transfected
with si-NC, si-circLDLR, si-circLDLR + anti-NC, or si-circLDLR + anti-miR-637. (a) qRT-PCR analysis of miR-637 expression after
transfection. (b, c) The proliferation analysis of TPC-1 and IHH-4 cells using CCK-8 assay and colony formation assay. (d) Apoptosis
analysis of TPC-1 and IHH-4 cells using flow cytometry. (e, f) Analysis of TPC-1 and IHH-4 cell migration and invasion with transwell
assay and wound healing assay. (g, h) Levels detection of C-caspase3, MMP2, and MMP9 protein levels using western blot. ∗∗∗P < 0:001.
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exhibited that miR-637 overexpression dramatically reduced
the luciferase activity of the circLDLR-wt group in TPC-1
and IHH-4 cells but not the circLDLR-mut group
(Figure 3(b)). In the meanwhile, we discovered that
circLDLR and miR-637 pulled down by Anti-Ago2 was pre-
dominantly enriched in the Ago2 overexpression group
compared with the control Anti-IgG group in TPC-1 and
IHH-4 cells (Figure 3(c)). These results confirmed that
circLDLR targeted miR-637 in PTC. Additionally, qRT-
PCR analysis indicated that miR-637 expression was inhib-
ited by circLDLR overexpression but was elevated by
circLDLR downregulation in TPC-1 and IHH-4 cells
(Figure 3(d)). Subsequently, the expression of miR-637 in
PTC was detected, and miR-637 was decreased in PTC tis-
sues (Figure 3(e)) and was negatively correlated with
circLDLR (Figure 3(f)). Also, miR-637 had a low expression
in TPC-1 and IHH-4 cells compared with the normal Nthy-
ori 3-1 cell lines (Figure 3(g)). Therefore, these results indi-
cated that miR-637 was a target of circLDLR and might be
associated with the development of PTC.

3.4. MiR-637 Interference Reverses the Antitumor Effects
Induced by si-circLDLR in PTC Cells. We then investigated
whether circLDLR promoted the progression of PTC by
interacting with miR-637. TPC-1 and IHH-4 cells were
transfected with si-NC, si-circLDLR, si-circLDLR + anti-
NC, or si-circLDLR + anti-miR-637, and qRT-PCR analysis
showed that miR-637 inhibition attenuated si-circLDLR-
induced elevation of miR-637 in TPC-1 and IHH-4 cells
(Figure 4(a)), suggesting the success of transfection. After
that, rescue assay was conducted, and results showed
miR-637 interference reversed circLDLR knockdown-
mediated impairments of the proliferation (Figures 4(b)
and 4(c)), invasion (Figure 4(e)) and migration
(Figure 4(f)), and promotion of apoptosis (Figure 4(d)) in
TPC-1 and IHH-4 cells. Accordingly, western blot analysis
also confirmed miR-637 inhibition could partly abate si-
circLDLR-mediated migration and invasion inhibition and
apoptosis enhancement, evidenced by the change in C-cas-
pase3, MMP2, and MMP9 protein levels in TPC-1 and
IHH-4 cells (Figures 4(g) and 4(h)). In all, we verified that
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Figure 5: LMO4 is a target of miR-637, and circLDLR regulates LMO4 via miR-637 in PTC cells. (a) The predicted binding sites of miR-637
on LMO4 sequences. (b) Luciferase activity detection in TPC-1 and IHH-4 cells cotransfected with the reporter plasmid and the indicated
miRNAs using the dual-luciferase reporter assay. (c) qRT-PCR analysis of miR-637 and LMO4 expression in TPC-1 and IHH-4 cells pulled
down by Anti-Ago2 or Anti-IgG. (d) Western blot analysis of LMO4 level in TPC-1 and IHH-4 cells transfected with NC, miR-637, circ-NC
+miR-637, and circLDLR + miR-637. (e, f) Level detection of LMO4 in 45 PTC tissues and matched normal tissues with qRT-PCR and
western blot. (g, h) Correlation analysis between LMO4 and circLDLR or miR-637 in PTC tissues with Pearson correlation analysis. (i)
Level detection of LMO4 in PTC cell lines (TPC-1 and IHH-4) and normal Nthy-ori 3-1 cell lines with western blot. ∗∗∗P < 0:001.
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circLDLR promoted PTC progression partly by downregu-
lating miR-637.

3.5. LMO4 Is a Target of miR-637 and circLDLR Regulates
LMO4 via miR-637 in PTC Cells. The related target genes
of miR-637 were further predicted. According to the predic-
tion of Targetscan program, LMO4 was found that might be
a target of miR-760 with putative binding sites (Figure 5(a)).
Then, a reduction of luciferase activity in TPC-1 and IHH-4
cells cotransfected with LMO4-wt and miR-637 mimic was
detected (Figure 5(b)). Moreover, RIP assay displayed that
LMO4 and miR-637 expression was notably enriched in

Ago2 immunoprecipitates relative to the control IgG immu-
noprecipitates (Figure 5(c)). These data revealed that LMO4
was a target of miR-637. Afterwards, we discovered that
LMO4 expression was decreased by miR-637 overexpres-
sion, and miR-637 overexpression reversed circLDLR-
induced increase of LMO4 level in TPC-1 and IHH-4 cells
(Figure 5(d)). Thus, a circLDLR/miR-637/LMO4 axis in
PTC was identified. After that, the expression of LMO4
was analyzed; we found that LMO4 expression was upregu-
lated in PTC tumor tissues at mRNA and protein levels
(Figures 5(e) and 5(f)). Besides that, LMO4 was positively
correlated with circLDLR (Figure 5(g)), while negatively
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Figure 6: MiR-637 suppresses cell malignant phenotypes in PTC cells by targeting LMO4. TPC-1 and IHH-4 cells were transfected with
NC, miR-637, miR-637 + vector, or miR-637 + LMO4. (a) Western blot analysis of LMO4 expression in TPC-1 and IHH-4 cells after
transfection. (b, c) The proliferation analysis of TPC-1 and IHH-4 cells using CCK-8 assay and colony formation assay. (d) Flow
cytometry analysis of apoptosis of TPC-1 and IHH-4 cells. (e, f) The analysis of invasion and migration abilities of TPC-1 and IHH-
4 cells using transwell assay and wound healing assay. (g, h) Western blot analysis of C-caspase3, MMP2, and MMP9 protein levels.
∗∗∗P < 0:001.
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correlated with miR-637 (Figure 5(h)) in PTC tissues, fur-
ther suggesting the relationship among circLDLR, miR-
637, and LMO4 in PTC. Similarly, LMO4 was also elevated
in PTC cell lines (Figure 5(i)). These results suggested that
miR-637 targeted LMO4 and circLDLR regulated LMO4
via miR-637 in PTC cells.

3.6. MiR-637 Suppresses Cell Malignant Phenotypes in PTC
Cells by Targeting LMO4. Given the axis of circLDLR/miR-
637/LMO4 in PTC cells, we further studied whether LMO4
was involved in the action of circLDLR/miR-637 axis in
PTC progression. TPC-1 and IHH-4 cells were transfected
with NC, miR-637, miR-637 + vector, or miR-637+LMO4,
and then qRT-PCR analysis showed that LMO4 overexpres-
sion rescued miR-637 mimic-induced decrease of LMO4 in
TPC-1 and IHH-4 cells (Figure 6(a)). Then, functional
experiments were conducted. Results exhibited that miR-
637 re-expression impaired the proliferation (Figures 6(b)
and 6(c)), invasion (Figure 6(e)), and migration
(Figure 6(f)) but induced apoptosis (Figure 6(d)) in TPC-
1 and IHH-4 cells. Besides that, miR-637 overexpression
led to the increase of C-caspase3 and decrease of MMP2
and MMP9 in TPC-1 and IHH-4 cells (Figures 6(g) and
6(h)). Thus, miR-637 inhibited PTC progression. However,
rescue assay showed that the antitumor functions of miR-
637 were significantly reversed by LMO4 overexpression
in TPC-1 and IHH-4 cells (Figures 6(b) and 6(h)). Alto-
gether, miR-637 suppressed PTC progression partly by tar-
geting LMO4.

3.7. CircLDLR Knockdown Impedes PTC Growth In Vivo. To
investigate the functions of circLDLR in vivo, a xenograft
tumor model was established. As shown in Figures 7(a)
and 7(b), circLDLR knockdown suppressed the growth of
xenograft tumors, evidenced by the smaller size and lighter
weight of tumors in the sh-circLDLR group. In addition,
knockdown of circLDLR decreased the levels of circLDLR
and LMO4 (Figures 7(c) and 7(e)) but increased the level
of miR-637 (Figure 7(d)) in xenograft tumors. Further-
more, western bolt analysis showed that PCNA was
decreased, but C-caspase3 was increased in the xenograft
tumors of the sh-circLDLR group compared with the sh-
NC group, furthering revealing circLDLR silencing sup-
pressed tumor growth in vivo. Collectively, circLDLR
silencing hindered tumor growth in vivo via regulating
miR-637 and LMO4.

4. Discussion

PTC is the most frequent endocrine malignancy and gener-
ally has a good prognosis. Nevertheless, accumulating evi-
dence has exhibited that early stage extradural invasion,
lymph node metastasis, distant metastases, and recurrence
occasionally occur in some cases, which lead to a poor prog-
nosis, even death in PTC patients [14, 18]. Up to date,
increasing researches have reported the implication of cir-
cRNAs in the development and progression of cancers
through modulating diverse cellular processes [16, 19, 20].
In PTC, some circRNAs have also been indicated to be
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Figure 7: CircLDLR knockdown impedes the growth of xenograft tumors in vivo. TPC-1 cells stably transfected with sh-circLDLR or sh-NC
were subcutaneously injected into the flanks of the nude mice to establish xenograft models. (a, b) The detection of the size and weight of
xenograft tumors. (c, d) qRT-PCR analysis of circLDLR and miR-637 levels in tumor masses. (e) Western blot analysis of LMO4, PCNA, and
C-caspase3 levels in in tumor masses. ∗∗P < 0:01, ∗∗∗P < 0:001.
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implicated in cancer progression. For example, Wei et al.
found that circZFR promoted cell proliferation and invasion
in PTC via upregulating C8orf4 expression through miR-
1261 [21]. Bi et al. revealed that circRNA_102171 contrib-
uted to the progression PTC by activating CTNNBIP1/
Wnt/β-catenin [22]. Thus, circRNAs may be promising can-
didates for controlling the progression of PTC.

According to the analysis of GSE93522 dataset, the
expression of circLDLR was found to be aberrantly upregu-
lated in PTC. Importantly, we also observed that circLDLR
was elevated in clinical PTC tissues and cell lines, and high
circLDLR expression predicted poor prognosis. However,
the biological function of circLDLR in PTC tumorigenesis
was not reported yet. Sustained proliferation and metastatic
progression are the major drivers of lethality in cancers, and
metastasis accounts for the vast majority of patient mortality
[28-30]. Thus, the role of circLDLR in PTC cell growth and
metastasis was investigated. We found that knockdown of
circLDLR inhibited PTC cell proliferation, invasion, and
migration but facilitated apoptosis in vitro. Moreover, clinical
relevance of circLDLR was validated by the observed suppres-
sion in ccRCC tumorigenic in nude mice after circLDLR
silencing. Altogether, we demonstrated that circLDLR siRNA
might be a promising molecule for the treatment of PTC.

It has been identified that circRNAs can function as
miRNA sponges to modulate gene expression through abol-
ishing the activity of miRNAs [17]. Subsequently, whether
circLDLR served it biological function by acting as miRNA
sponge was investigated. Through bioinformatics analysis
and interaction analysis, we confirmed that miR-637 was a
target of circLDLR in PTC cells. MiR-637 is a well-
recognized tumor suppressor. For instance, miR-637 sup-
pressed hepatoma cell viability and invasion via targetedly
degrading the expression of AKT1 [23]. MiR-637 decrease
was related to poor overall survival and accelerated malig-
nant properties of glioma cells by targeting AKT1 [24].
However, the function of miR-637 in PTC remains unclear.
In our work, miR-637 was downregulated in PTC tissues
and cell lines; then, we discovered that restoration of miR-
637 suppressed cell malignant phenotypes in PTC, thereby
hindering cancer progression. After that, rescue assay sug-

gested miR-637 inhibition reversed the inhibitory effects of
circLDLR knockdown on PTC tumorigenesis. Therefore,
the role of circLDLR/miR-637 axis in the development of
PTC was firstly identified.

Recently, growing evidence has identified the involve-
ment of LMO4 in the tumorigenesis. LMO4 has been identi-
fied to mediate interactions between multiprotein complexes
and DNA, which modulates the expression of genes partici-
pated in modulating various biological processes, like cell
survival and mammalian development [25]. Additionally,
Wang et al. revealed that LMO4 facilitated tumor cell malig-
nant phenotypes in gastric cancer via activating PI3K-Akt-
mTOR signaling [26]. Zhou et al. demonstrated that
LMO4 suppressed p53-mediated repression of cell prolifera-
tion in breast cancer by blocking p53 [27]. Thus, dysregula-
tion of LMO4 plays an important role in the carcinogenesis
of cancer. In this study, the expression of LMO4 was found
to be elevated in PTC; besides, LMO4 was confirmed to be
a target of miR-637, and LMO4 upregulation attenuated
the antitumor effects of miR-637 in PTC cells. Thus, the
anticancer function of the miR-637/LMO4 pathway in
PTC was demonstrated. More importantly, this study also
detected that circLDLR could indirectly regulate LMO4
expression via miR-637 in PTC.

In summary, our findings firstly proved that circLDLR
acted as an oncogene to promote PTC progression by promot-
ing cancer cell malignant biological behaviors via miR-637/
LMO4 pathway (Figure 8). This study offers an improved
understanding of the pathogenesis of PTC and reveals a novel
regulatory pathway, which may be targeted for therapeutic
benefits. Nevertheless, further investigations are needed to
probe whether circLDLR/miR-637/LMO4 can affect the phe-
notypes of normal cells, thus uncovering the clinical applica-
bility of these molecules as the anticancer drug.

Data Availability

No data were used to support this study.

Conflicts of Interest

The authors declare that there are no competing interests
associated with the manuscript.

Authors’ Contributions

Yuan-ming Jiang, Wei Liu, and Ling Jiang contributed
equally to this work.

Supplementary Materials

Figure S1: the diagram of the screening of included PTC
patients. Figure S2: the selection of the potential targeted
miRNAs of circLDLR. (Supplementary Materials)

References

[1] W. Chen, R. Zheng, P. D. Baade et al., “Cancer statistics in
China, 2015,” CA: a Cancer Journal for Clinicians, vol. 66,
no. 2, pp. 115–132, 2016.

circLDLR

miR-637

LMO4

Proliferation Metastasis
Apoptosis

Figure 8: The schematic diagram illustrates circLDLR/miR-637/
LMO4 axis in PTC tumorigenesis. CircLDLR promotes
proliferation and metastasis and suppresses apoptosis of PTC
through miR-637/LMO4 axis.

11Disease Markers

https://downloads.hindawi.com/journals/dm/2021/3977189.f1.zip


[2] Y. Yang, Q. Chen, W.-Y. Yu et al., “Herbal active ingredients:
an emerging potential for the prevention and treatment of
papillary thyroid carcinoma,” BioMed Research International,
vol. 2020, 10 pages, 2020.

[3] B. R. Haugen, E. K. Alexander, K. C. Bible et al., “2015 Amer-
ican Thyroid Association management guidelines for adult
patients with thyroid nodules and differentiated thyroid can-
cer: the American Thyroid Association guidelines task force
on thyroid nodules and differentiated thyroid cancer,” Thy-
roid, vol. 26, no. 1, pp. 1–133, 2016.

[4] T. Takano, “Natural history of thyroid cancer,” Endocrine
Journal, vol. no, p. EJ17, 2017.

[5] A. Rybak-Wolf, C. Stottmeister, P. Glažar et al., “Circular
RNAs in the mammalian brain are highly abundant, con-
served, and dynamically expressed,” Molecular Cell, vol. 58,
no. 5, pp. 870–885, 2015.

[6] Y. Li, Q. Zheng, C. Bao et al., “Circular RNA is enriched and
stable in exosomes: a promising biomarker for cancer diagno-
sis,” Cell Research, vol. 25, no. 8, pp. 981–984, 2015.

[7] W. L. Mo, J. T. Jiang, L. Zhang et al., “Circular RNA hsa_circ_
0000467 promotes the development of gastric cancer by com-
petitively binding to microRNA miR-326-3p,” BioMed
Research International, vol. 2020, 10 pages, 2020.

[8] Z. Ding, G. Li, Z. Deng, and P. Li, “Circ-PRMT5 enhances the
proliferation, migration and glycolysis of hepatoma cells by
targeting miR-188-5p/HK2 axis,” Annals of Hepatology,
vol. 19, no. 3, pp. 269–279, 2020.

[9] L. He and G. J. Hannon, “MicroRNAs: small RNAs with a big
role in gene regulation,” Nature Reviews Genetics, vol. 5, no. 7,
pp. 522–531, 2004.

[10] G.Wu,W. Zhou, X. Lin et al., “RETRACTED: circRASSF2 acts
as ceRNA and promotes papillary thyroid carcinoma progres-
sion through miR-1178/TLR4 signaling pathway,” Molecular
Therapy Nucleic Acids, vol. 19, pp. 1153–1163, 2020.

[11] M. Ye, H. Hou, M. Shen, S. Dong, and T. Zhang, “Circular
RNA circFOXM1 plays a role in papillary thyroid carcinoma
by sponging miR-1179 and regulating HMGB1 expression,”
Molecular Therapy-Nucleic Acids, vol. 19, pp. 741–750, 2020.

[12] T. A. Farazi, J. I. Spitzer, P. Morozov, and T. Tuschl, “miRNAs
in human cancer,” The Journal of Pathology, vol. 223, no. 2,
pp. 102–115, 2011.

[13] Q. Yuan, Y. Liu, Y. Fan et al., “LncRNA HOTTIP promotes
papillary thyroid carcinoma cell proliferation, invasion and
migration by regulating miR-637,” The International Journal
of Biochemistry & Cell Biology, vol. 98, pp. 1–9, 2018.

[14] X. Cai, Z. Zhao, J. Dong et al., “Circular RNA circBACH2 plays
a role in papillary thyroid carcinoma by sponging miR-139-5p
and regulating LMO4 expression,” Cell Death & Disease,
vol. 10, no. 3, pp. 1–12, 2019.

[15] N. Wang, K. Lin, Z. Lu et al., “The LIM-only factor LMO4 reg-
ulates expression of the BMP7 gene through an HDAC2-
dependent mechanism, and controls cell proliferation and
apoptosis of mammary epithelial cells,” Oncogene, vol. 26,
no. 44, pp. 6431–6441, 2007.

[16] J.-H. He, Y.-G. Li, Z.-P. Han et al., “The CircRNA-ACAP2/
Hsa-miR-21-5p/Tiam1 regulatory feedback circuit affects the
proliferation, migration, and invasion of colon cancer SW480
cells,” Cellular Physiology and Biochemistry, vol. 49, no. 4,
pp. 1539–1550, 2018.

[17] J. Wang, D. Wang, D. Wan et al., “Circular RNA in invasive
and recurrent clinical nonfunctioning pituitary adenomas:

expression profiles and bioinformatic analysis,”World Neuro-
surgery, vol. 117, pp. e371–e386, 2018.

[18] J. J. Sancho, T. W. J. Lennard, I. Paunovic, F. Triponez, and
A. Sitges-Serra, “Prophylactic central neck disection in papil-
lary thyroid cancer: a consensus report of the European Society
of Endocrine Surgeons (ESES),” Langenbeck's Archives of Sur-
gery, vol. 399, no. 2, pp. 155–163, 2014.

[19] H.-F. Liang, X.-Z. Zhang, B.-G. Liu, G.-T. Jia, and W.-L. Li,
“Circular RNA circ-ABCB10 promotes breast cancer prolifer-
ation and progression through sponging miR-1271,”American
Journal of Cancer Research, vol. 7, no. 7, pp. 1566–1576, 2017.

[20] Z.-J. Zhao and J. Shen, “Circular RNA participates in the car-
cinogenesis and the malignant behavior of cancer,” RNA Biol-
ogy, vol. 14, no. 5, pp. 514–521, 2017.

[21] H. Wei, L. Pan, D. Tao, and R. Li, “Circular RNA circZFR con-
tributes to papillary thyroid cancer cell proliferation and inva-
sion by sponging miR-1261 and facilitating C8orf4
expression,” Biochemical and Biophysical Research Communi-
cations, vol. 503, no. 1, pp. 56–61, 2018.

[22] W. Bi, J. Huang, C. Nie et al., “CircRNA circRNA_102171 pro-
motes papillary thyroid cancer progression through modulat-
ing CTNNBIP1-dependent activation of β-catenin pathway,”
Journal of Experimental & Clinical Cancer Research, vol. 37,
no. 1, p. 275, 2018.

[23] Y. Du and Y. Wang, “MiR-637 inhibits proliferation and inva-
sion of hepatoma cells by targeted degradation of AKT1,”
European Review for Medical and Pharmacological Sciences,
vol. 23, no. 2, pp. 567–575, 2019.

[24] T. Que, Y. Song, Z. Liu et al., “Decreased miRNA-637 is an
unfavorable prognosis marker and promotes glioma cell
growth, migration and invasion via direct targeting Akt1,”
Oncogene, vol. 34, no. 38, pp. 4952–4963, 2015.

[25] W. Wang, S. Wu, M. Guo, and J. He, “LMO4 is a prognostic
marker involved in cell migration and invasion in non-small-
cell lung cancer,” Journal of Thoracic Disease, vol. 8, no. 12,
pp. 3682–3690, 2016.

[26] N. Wang, Q. Dong, and X.-N. Zhou, “LMO4 promotes the
invasion and proliferation of gastric cancer by activating
PI3K-Akt-mTOR signaling,” American Journal of Transla-
tional Research, vol. 11, no. 10, pp. 6534–6543, 2019.

[27] X. Zhou, M. Sang, W. Liu et al., “LMO4 inhibits p53-mediated
proliferative inhibition of breast cancer cells through interact-
ing p53,” Life Sciences, vol. 91, no. 9-10, pp. 358–363, 2012.

12 Disease Markers



Research Article
IL-38 and IL-36 Target Autophagy for Regulating Synoviocyte
Proliferation, Migration, and Invasion in Rheumatoid Arthritis

Zhe Hao and Yi Liu

Department of Rheumatology and Immunology, West China Hospital, Sichuan University, Chengdu, 610041 Sichuan, China

Correspondence should be addressed to Yi Liu; yi2006liu@163.com

Received 9 September 2021; Revised 9 October 2021; Accepted 3 November 2021; Published 20 November 2021

Academic Editor: Wen-Jun Tu

Copyright © 2021 Zhe Hao and Yi Liu. This is an open access article distributed under the Creative Commons Attribution
License, which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is
properly cited.

Rheumatoid arthritis (RA) is an autoimmune disease leading to severe joint damage and disability. Fibroblast-like
synoviocytes (FLSs) mostly contribute to the joint inflammation and destruction in RA through distinct mechanisms.
However, little is known about newly discovered interleukin- (IL-) 36 and IL-38 involving in the pathology of RA. Here,
we assessed the effect of IL-36 and IL-38 on RA-FLS function using IL-36 and IL-38 overexpression plasmids. We found
that IL-36 inhibited synoviocytes proliferation while IL-38 showed an opposite influence. Furthermore, IL-36 and IL-38
significantly sequestered or accelerated RA-FLS migration and invasion capacity, respectively. Mechanically, IL-36 and IL-
38 targeted autophagy for RA-FLS modulation. Using autophagy inhibitor 3-MA and inducer compound rapamycin, we
found that autophagy negatively regulated the survival, migration, and invasion of synovial cells. Based on these results,
IL-38 in combination with autophagy inhibitor 3-MA treatment demonstrated the strongest blockage of the above three
activities of RA-FLS, and IL-38 overexpression reversed rapamycin-inhibited cell proliferation, migration, and invasion.
Moreover, injection of IL-36 can improve the symptoms of RA in a rat model of RA. Taken together, we conclude that
IL-38 and IL-36 target autophagy for regulating synoviocyte proliferation, migration, and invasion in RA.

1. Introduction

Rheumatoid arthritis (RA) is a chronic, inflammatory, sys-
temic, autoimmune arthritides characterized by immuno-
globulin G and citrullinated protein-specific autoantibodies
induced synovial inflammation and hyperplasia, ultimately
leading to cartilage damage and bone destruction [1]. It is
related to systemic disorders such as cardiovascular, pulmo-
nary, and skeletal dysfunction, among which accompanied
cardiovascular disease ascribes to the most common cause
of mortality of RA patients [2]. Epidemiological researches
have reported that RA has a fairly constant global prevalence
with the rage of 0.5-1.0% in white population [3]. The cause
of the disease is complex and is associated with interplays of
risking factors like genetics, female sex, and environmental
factors. Some biomarkers have been found to be related with
RA [4, 5]. During the progress of RA, the resident fibroblast-
like synoviocytes (FLSs) assume a semiautonomous and
aggressive phenotype, constituting the fundamental mecha-

nism for RA pathogenesis [6]. RA-FLS can proliferate in
an anchorage-independent manner without contact inhibi-
tion. The increasing number of FLS thus contributes to the
transformation of synovial lining into invasive pannus,
which can migrate between joints and is directly responsible
for cartilage and bone damage [7]. In addition, activated RA-
FLS can produce a range of inflammatory cytokines, chemo-
kines, and proangiogenic factors, facilitating the recruitment
and proliferation of immune cells such as T cells and B cells,
to maintain adaptive immune organization and joint inflam-
mation as well as joint angiogenesis [8]. Therefore, instead of
focusing on altering proinflammation cytokines and the
immune signaling, targeting RA-FLS to deactivate its auton-
omous and aggressive phenotypes can be promising strate-
gies for RA therapy.

Interleukin- (IL-) 38 and IL-36 belong to IL-1 cytokine
family, which can be divided into three subfamilies as IL-1,
IL-18, and IL-36 subfamily by precursor protein length,
and play crucial rules in innate and adaptive immunity [9].
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Recent studies have suggested both proinflammation and
anti-inflammation properties of IL-38, depending on the
protein concentration, existing form, posttranslational mod-
ification, or cellular environmental context. However, in
most cases, IL-38 acts as an antagonist of receptors IL-1R1,
IL-36R, or IL-1RAPL1 or recruits inhibitory coreceptor like
single Ig IL-1-related receptor (SIGIRR) to suppress proin-
flammation responses. By inhibiting their binding with spe-
cific ligands like IL-1β, IL-33, or IL-36, IL-38 sequesters
downstream NF-κB, AP1, and JNK signaling pathways
[10], therefore, mechanically regulating the progression of
numerous disease comprising cancer, myocardial infarction,
and autoimmune diseases such as RA [11]. Indeed, emerging
studies have indicated that IL-38 is involved in RA pathol-
ogy. First of all, IL-38 expression was found significantly
improved in the serum, synovial tissue, and synovial fluid
in RA patients and was associated with production of
inflammation cytokines like IL-1β, IL-6, or IL-1Ra [12].
Gene polymorphism of IL-38 was also related to the occur-
rence of RA [13]. Moreover, IL-38 administration was found
to alleviate RA severity in both collage-induced and K/BxN-
induced RA mouse model through inhibiting proinflamma-
tion responses [14]. However, the function of IL-38 in RA
besides immune regulation has not been well described yet.

Unlike IL-38, IL-36 exhibit proinflammation characteris-
tic through heterodimeric receptor complex IL-36R and IL-
1RAcP. Upon binding to the receptors, Myd88 is recruited
and phosphorylates IRAKs, followed by TRAF6 conjunction
and ubiquitination, and ultimately activates MAPK and NF-
κB signaling pathway, leading to the production of IFNs,
inflammation cytokines, and chemokines like IFN-γ, IL-8, or
CXCL1 [15]. It has been reported that IL-36 expression is
related to many diseases such as psoriasis, arthritis, obesity,
and other chronic diseases [16]. IL-36 and IL-36R were both
found elevated in the synovium in RA patients and RA-
inducing animal models, with the ability to activate IL-6 and
IL-8 secretion in RA-FLS [17, 18], while the molecular mech-
anism of IL-36 in RA pathology remains to be studied.

Autophagy is a highly conserved endogenous self-
degradation process for organelle, proteins, or intracellular
pathogens [19], thus maintaining cellular homeostasis and
deciding cell fate. Autophagy is a dynamic and multiple-
step cellular process, involving initiation, phagophore nucle-
ation and elongation, autophagosome maturation, and auto-
lysosome fusion and degradation [20]. Emerging evidence
has identified the importance of autophagy in rheumatic dis-
ease, such as systemic lupus erythematosus, rheumatoid
arthritis, or osteoarthritis [21, 22]. In RA, many different
types of cells present disorder of autophagy, including FLSs,
activated T cells, and osteoblast, all of which largely contrib-
ute to the pathogenesis of RA [23–25]. Dysfunction of
autophagy in RA-FLS leads to hyperplasia of synovial tissue,
and downregulated autophagy in cartilage cells is responsi-
ble for cell death and cartilage destruction. Mechanically,
autophagy results in apoptosis resistance in synovium, T
cells, and osteoclasts, promoting their proliferation and sur-
vival, therefore, exacerbating RA progression. The function
of autophagy in other molecular mechanisms of RA is com-
plex and not well established.

Therefore, we hypothesized that IL-38 and IL-36α may
regulate the disease progression of RA, and autophagy may
be involved in the process. In this study, we sought to vali-
date the crosstalk of inflammation cytokines IL-36/IL38
and autophagy in determining the process of RA pathology,
trying to provide some new insights in RA regulation. The
therapeutic effect of IL-36 for RA was also primarily
investigated.

2. Materials and Methods

2.1. Cell Culture and Stimulation. SW982 cell line was pur-
chased from the Cell Bank of Type Culture Collection of
Chinese Academy of Sciences and was cultured in Leibo-
vitz’s L-15 Medium (Solarbio, Beijing, China) containing
10% fetal bovine serum (Thermo Fisher, Waltham, MA,
USA), 100U/mL, penicillin and 100mg/mL streptomycin
at 37°C in 5% CO2, respectively. For autophagy inhibition
or initiation, cells were treated with 10mmol/L of 3-MA or
rapamycin (10 nmol/L; Sigma Aldrich, St. Louis, MO,
USA) for 24 hours, after transfection with recombinant
plasmid.

2.2. Plasmid Construction and Transient Transfection. IL-38
and IL-36 gene sequence information were obtained from
NCBI gene database and the target IL-38 or IL-36 DNA frag-
ment was directly synthesized with NheI and KpnI restric-
tion enzyme cutting site added to N-terminal or C-
terminal, respectively. Target gene was inserted ahead of
EGFP gene sequence into pcDNA3.1-EGFP vector for fusion
protein expression. After double-enzyme digesting, DNA
ligase, transduction, and bacterial colony amplification, plas-
mids were extracted for NheI and KpnI digestion and
sequencing validation. Plasmid DNA was transfected into
cells using lipofectamine 2000 transfection reagent (Thermo
Fisher) according to manufacturer’s instruction.

2.3. RNA Extraction and Quantitative Real-Time PCR. Cells
were harvested 24 hours after transfection with indicated
plasmids and lysed with Trizol reagent (Thermo Fisher).
Total RNA was isolated according to manufacturer’s proce-
dure. Briefly, after lysing in 1 volume of Trizol for 5min, 1/5
volume of chloroform was added for homogenization vigor-
ously and incubated for 3min. After centrifuging at 12000 g,
4°C for 15min, the upper aqueous phase was gathered, and
1/2 volume of isopropanol was added for incubation at room
temperature for 10min, followed by centrifuging at 12000 g,
4°C for 15min. The RNA pellet was washed with 1mL 75%
ethanol, centrifuged at 12000 g, 4°C for 5min. After air
dried, RNA was dissolved in RNase-free water and stored
at -70°C until use.

For quantitative real-time PCR analysis, PrimeScript II
Reverse Transcriptase (Takara, Japan) was used for first-
strand cDNA synthesis according to manufacturer’s proto-
col. The cDNA was amplified, and gene expression was
determined with Bio-Rad CFX connect detection system
using iTaq Universal SYBR Green Supermix (Bio-Rad, Her-
cules, CA, USA). PCR amplification was performed as fol-
lows: 95°C for 5min followed by 40 cycles consisting of
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95°C for 15 s, 55°C for 15 s, and 72°C for 30 s. mRNA tran-
script levels were normalized to GAPDH. The following
gene-specific primer sequences were used: 5′-GGGAAA
CTGTGGCGTGAT-3′ (sense) and 5′-GAGTGGGTGTC
GCTGTTGA-3′ (antisense) for GAPDH; 5′-ACCAAC
CCGAGCCTGTGA-3′ (sense) and 5′-CCCAGTTCTTG
GGTAAGGATG-3′ (antisense) for IL-36; 5′-GACAAC
TGCTGTGCAGAGAAG-3′ (sense) and 5′-GGCCTCTTC
ACCACCTTTGT-3′ (antisense) for IL-38.

2.4. Western Blot. Cells were lysed in RIPA buffer with PMSF
(Solarbio, Wuhan, China), and extracted-protein concentra-
tion was determined using Bio-Rad Protein Assay (Bio-Rad).
Western blot analysis was performed with indicated anti-
bodies in accordance with the Western blotting protocol
provided by Cell Signaling Technology with modification.
Specific antibody against IL-38 was purchased from Abcam
(Cambridge, MA, USA). Primary antibodies against
GAPDH, IL-36α and LC3, and HRP-conjugated goat-anti-
rabbit IgG secondary antibody were obtained from Bios-
wamp (Wuhan, China). Briefly, protein samples were loaded
onto SDS-PAGE gel and electrotransfered to PVDF mem-
brane, then incubated the membrane in blocking buffer for
1 h at room temperature followed by primary antibody
(1 : 1000 dilution) incubation with gentle agitation overnight
at 4°C. The next day, the membrane was incubated with spe-
cies appropriate for HRP-conjugated secondary antibody in
blocking buffer (1 : 20000 dilution) with gentle agitation for
one hour at room temperature. The proteins were detected
with Clarity Western ECL Substrate (Bio-Rad) for digital
imaging using Tannon-5200 (Tannon, Shanghai, China).

2.5. Immunofluorescence Assay. SW982 cells were plated in
35mm confocal dishes (Ibidi, Lochhamer, Germany). After
treatment, cells were fixed with 4% paraformaldehyde in
PBS pH7.4 for 10min at room temperature. Then, permea-
bilization was performed by incubating the samples for
10min at 4°C with PBS containing 0.1–0.25% Triton X-
100. Samples were then blocked in PBS containing 5% nor-
mal serum and 0.3% Triton X-100 for 1 hour at room tem-
perature, followed by incubation with diluted primary
antibody in PBS containing 1% BSA and 0.3% Triton™ X-
100 overnight at 4°C. Next day, samples were incubated with
Alexa Fluor 594-conjugated goat anti-rabbit secondary anti-
body (Bioswamp, Wuhan, China) for one or two hours in
the dark before nuclear staining with DAPI for 5min at
room temperature. Dishes were stored at 4°C protected from
light for long-term storage. Cells were finally imaged using
inverted immunofluorescent microscope (DMIL LED, Leica,
Wetzlar, Germany).

2.6. EdU Proliferation Assay. Cell Light Edu Apollo 567 In
Vitro Imaging Kit was supplied by Guangzhou RiboBio
(China, Guangzhou) and used for determining the prolifera-
tion of SW982 cells according to manufacturer’s instruc-
tions. After experimentation, 100μL, 50μM EdU was
added into the cell culture medium for incubation for 2
hours. Fixation was performed at room temperature for
15min using 4% paraformaldehyde diluted in PBS, followed

by permeabilization with 0.5% Triton X-100 and incubated
20min at room temperature. Fluorescent EdU detection
was performed after EdU staining with Apollo567 and
nuclear staining with Hoechst 33258. Images were collected
using immunofluorescent microscope (DMIL LED, Leica).

2.7. Wound Healing Assay. Wound healing assays were per-
formed to determine the migration ability of SW982 syno-
vial cells after different treatments. Reference lines were
marked to guarantee the same area of image acquisition.
Cells were seeded into 24-well plates and grew to 80% con-
fluence for transfection or stimulation. 24 hours later, a lin-
ear wound was created in the cellular monolayer with a same
200μL pipette tip in each well. After scratch, gently wash cell
monolayer to remove detached cells. Cells were continually
cultured at 37°C with 5% CO2, and images of the wound
were captured at 0, 24, or 48 hours upon the wound creation
using a phase contrast inverted microscope with appropriate
magnification.

2.8. Transwell Cell Invasion Assay. The cell invasion assays
were performed using Corning BioCoat Matrigel invasion
chamber (Corning, NY, USA), with a pore size of 8μm poly-
ethylene terephthalate membrane precoated with Matrigel.
SW982 cells transfected with indicated plasmids or treated
with correspondent chemical reagents were resuspended in
serum free medium and were seeded in the upper well at
the concentration of 104/mL.

L-15 media containing 20% FBS was added to the lower
chamber as the chemoattractant. Cells were incubated for 48
hours, and noninvaded cells were gently removed; the
remaining cells downside of the membrane surface were
stained with 0.1% crystal violet at room temperature for
5min. Cells were imaged with Inverted Laboratory Micro-
scope Leica DM IL LED and analyzed from randomly
selected different fields.

2.9. Animal Model of RA. Fifteen specific-pathogen-free
(SPF) male SD rats (weighing 180-220 g) were purchased
from Hubei Animal Experiment Center. Rats were main-
tained under SPF conditions with a room temperature of
22-26°C and humidity of 50-60% under a 12-hr light/dark
cycle with access to food and water ad libitum. All animal
procedures were approved by the Institutional Animal Care
and Use Committee of the local institution.

Rats were randomly divided into three groups: control,
model, and treatment groups (n = 5 per group). Rats in the
model and treatment groups were injected with 50μL of type
II collagen (2mg/mL) combined with incomplete Freund’s
adjuvant in the articular cavity of hind ankle joint at the first
and 7th day. Rats in the control group were injected with the
same volume of incomplete Freund’s adjuvant. Rats in the
treatment group were injected with recombinant IL-36 from
the first day to the 10th day. All rats were sacrificed until the
28th day. Before sacrifice, the body weight and the swelling
and color of the feet and joints were recorded, and the length
and thickness of the ankles and feet were measured and
compared. After the rats were sacrificed, the ankle joint

3Disease Markers



synovium was collected for hematoxylin-eosin (HE) staining
to observe the inflammation and infiltration.

2.10. HE Staining. Collected ankle joint synovium were fixed
in 10% formaldehyde for more than 24hr. The samples were
dehydrated in alcohol, embedded in paraffin, and cut into
3μm sections. Subsequently, the sections were deparaffin-
ized and rehydrated, then subjected to HE staining following
a standard protocol. Images were captured under a micro-
scope (DMIL LED, Leica, Wetzlar, Germany).

2.11. Statistical Analysis. The data are expressed as the
means ± SD and are representative of three independent
experiments. Statistical differences between the experimental
groups were calculated using GraphPad Prism software. The
means obtained for the different groups were compared by
one-way ANOVA followed by the Tukey post hoc test. A
value of P < 0:05 was considered statistically significant.

3. Results

3.1. IL-38 and IL-36 Regulate Synoviocyte Proliferation,
Migration, and Invasion. First, we want to determine the
effect of IL-36 and IL-38 on the proliferation of FLS in RA
pathology. The expression of IL-38 and IL-36 overexpres-
sion construct was first assessed. As shown in Figure 1(a),
both IL-36 and IL-38 encoding plasmid successfully
expressed plenty of EGFP fusion protein validated by micro-
scope examination. mRNA and protein expression of IL-36
and IL-38 were confirmed with RT-PCR and Western blot
(Figures 1(b)–1(d)).

EdU cell proliferation assay was performed to evaluate
the proliferation of SW982 cells transfected with IL-36 or
IL-38 expression plasmids. The results showed that com-
pared with the control, IL-36 overexpression reduced the cell
proliferation, whereas IL-38 overexpression increased the
cell proliferation (Figure 2(a)). Then, the effect of IL-36
and IL-38 on the migration and invasion of SW982 cells
was investigated. As shown in Figure 2(b), the wound widths
in IL-38 overexpressed cells were dramatically narrowed at
both 24 hr and 48hr. However, cells that migrated toward
the scratch were attenuated by IL-36. Simultaneously, the
number of cells penetrated through Matrigel-coated trans-
well membranes increased significantly in the presence of
IL-38 while the cells infiltrated into the other side of the
monolayer filter were suppressed by IL-36 overexpression.
These data demonstrated that IL-38 facilitated while IL-36
impaired the migration and invasion capacity of SW982
cells. Taken together, our results suggested that IL-36 and
IL-38 regulated proliferation, migration, and invasion of
the synoviocytes in an opposite manner.

3.2. IL-38 and IL-36 Modulate Autophagy. Next, the effect of
IL-36 and IL-38 on autophagy in SW982 cells was investi-
gated. LC3-I is diffuse cytosolic distributed and LC3-II
puncta is focus distributed, which can be indicated by the
bright intensity and location of the fluorescence. As shown
in Figure 3(a), fluorescence was focused and bright in the
IL-36 expression group while was diffused in the IL-38 over-
expression group. Western blot results in Figure 3(b)

showed that IL-36 potentiated conversion of LC3-I into
LC3-II while IL-38 suppressed LC3-II accumulation. These
data demonstrated that IL-36 accelerated and IL-38 impeded
autophagy.

3.3. IL-38 Promotes Autophagy-Inhibited Cell Proliferation.
Since IL-38 impeded autophagy, next, we investigated
whether IL-38 regulates RA-FLS proliferation via autophagy.
SW982 synovial cells were treated with autophagy initiation
inhibitor 3-methyladenine (3-MA) or inducer rapamycin
(Rapa) with or without IL-38 encoding plasmids transfec-
tion. As shown in Figure 4(a), in the untransfected group,
LC3-II turnover was alleviated by 3-MA and exacerbated
by rapamycin treatment. Immunoblot analysis also indicated
that IL-38 inhibited LC3-II formation, and this inhibition
was a little aggravated by the addition of 3-MA. Moreover,
IL-38 overexpression mitigated rapamycin-induced LC3-II
accumulation comparison with only rapamycin-treated
group. EdU staining assay showed that inhibition of autoph-
agy by 3-MA promoted SW982 cell proliferation, and by
contrast, initiation of autophagy by rapamycin greatly
restrained the red fluorescent light intensity (Figure 4(b)).
In addition, IL-38 overexpression significantly enhanced cell
proliferation in both untreated or 3-MA or rapamycin-
treated groups. Combination treatment of IL-38 and 3-MA
exhibited the strongest ability to accelerate cell proliferation,
and IL-38 overexpression reversed the rapamycin-mediated
blockage of cell proliferation. In conclusion, these data dem-
onstrated that IL-38 promoted autophagy-inhibited synovial
cell proliferation.

3.4. IL-38 Facilitates Synoviocyte Migration and Invasion via
Autophagy. Then, we investigated how autophagy regulated
synovial cell migration and invasion, as well as the role of
L-38 in these processes. Wound healing analysis showed that
3-MA treatment enhanced the migration ability of SW982
cells at both 24hr and 48hr, and autophagy initiated by rap-
amycin slowed down cell migration (Figure 5(a)). In addi-
tion, we found that IL-38 overexpression group displayed
similar narrow wound width in comparison with 3-MA
group. In line with this, IL-38 and 3-MA treatment together
maximumly improved cell wound healing speed, while IL-38
restored the cell healing capacity diminished by rapamycin.
These data collectively suggested that IL-38 promoted syno-
viocyte migration, which was inhibited by autophagy.

Next, we evaluated the influence of IL-38 and autophagy
on cell invasion using transwell assay. As shown in
Figure 5(b), 3-MA treatment led to increasing SW982 cells
translocated from the coated filter to the downside serum
containing culture medium. Rapamycin addition alleviated
the number of cells stained with crystal violet, suggesting
impaired invasion ability. After IL-38 transfection, more
cells managed to move across the transwell membrane com-
pared to the control group. In line with the aforementioned
results, IL-38 overexpression accelerated 3-MA-induced cell
invasion and reversed the rapamycin downregulated num-
ber of transmembrane cells. Taken together, these findings
demonstrated that IL-38 facilitates synoviocyte migration
and invasion via autophagy.
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3.5. IL-36 Treatment Improve the Symptoms of RA in a Rat
Model. Since IL-36 showed protective effect against synovio-
cytes, we next explored the therapeutic effect of IL-36α in the
rat model. The morphological observation results showed
that compared with the control group, the weight of the rats
in the model and treatment groups was significantly
reduced, and the weight of the rats in the treatment group
was higher than that of the model group without significant

difference (Figure 6(a)). The foot length, width, plantar
thickness, and ankle width of rats in the model and treat-
ment groups were significantly larger than those of rats in
the control group, but these indicators of rats in the treat-
ment group were significantly lower than those of the model
group (Figure 6(a)). The HE staining results showed that the
cells in the control rats were neatly arranged without inflam-
matory cell infiltration, but cells in the model rats had severe
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Figure 1: Identification of IL-38 and IL-36 overexpression construct. (a) SW982 cells were transfected with EGFP fusion IL-36 or IL-38
encoding plasmids or empty vector. Cells were examined under microscopy (100x) for EGFP expression. Representative images are
presented from three biological replicates. (b) SW982 cells were transfected with empty vector or IL-36 (left panel) or IL-38 (right panel)
or left untransfected, followed by total RNA isolation 24 hours posttransfection and subjected to qRT-PCR analysis. (c) SW982 cells were
transfected with the indicated plasmids for 24 hours followed by Western blot detection for IL-36 or IL-38 expression; GAPDH was used
as control. Data represent the mean from three independent experiments with SD. ∗∗∗P < 0:001 compared to the control group.
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inflammatory cell infiltration, while cells in the treatment rat
had almost no inflammatory cell infiltration, which was
comparable to that in the control group (Figure 6(b)).
These data suggest that IL-36 treatment can improve the
redness and swelling of the paws, relieve the symptoms
of paw arthritis, and inhibit the inflammation in the joint
synovium.

4. Discussion

In this study, we found that IL-38 enhanced synovial cell
proliferation, migration, and invasion while IL-36 exhibited
contrary function. IL-36 accelerated and IL-38 impeded
synovial cell autophagy, which may contribute to RA pathol-
ogy. Further experiments showed that IL-38 promoted

Vector

DAPI EdU Merge

IL-36

IL-38

(a)

Vector

0 hr

24 hr

48 hr

IL-36 IL-38

(b)

Vector IL-36 IL-38

(c)

Figure 2: IL-38 and IL-36 regulate synoviocyte proliferation, migration, and invasion. (a) SW982 cells transfected with indicated plasmids
for 24 hours were incubated with EdU followed by fixation and permeabilization and then subjected to EdU staining with Apollo567 and
nuclear staining with Hoechst 33258. Representative micrographs (200x) from three independent experiments are shown. (b) SW982
cells were transfected with the indicated constructs for 24 hours followed by scratching to form a linear wound with pipette tip. Cells
were then cultured for indicated hours, and images of the wound were captured using a phase contrast inverted microscope with 100x
magnification. (c) SW982 cells with IL-36 or IL-38 or empty vector transfection for 24 hours were digested by trypsin and resuspended
and placed into upside of the transwell. Cells were cultured for 48 hours and were determined by crystal violet staining and microscopy
(100x). Representative images are presented from at least three biological replicates.
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Figure 3: IL-38 and IL-36 modulate autophagy. (a) SW982 cells were transfected with IL-36 or IL-38 overexpression construct or empty
vector for 24 hours. Cells were then subjected to immunofluorescent staining using LC3 antibody, and nucleus were labeled with DAPI.
Representative micrographs (100x) from three dependent experiments were shown. (b) SW982 cells with the indicated plasmids
transfection for 24 hours were harvested and lysed in RIPA buffer and subjected to SDS-PAGE and Western blot analysis. The
endogenous LC3I/II turnover was assessed using LC3 specific antibody. GAPDH was detected as control. The data are representative of
three independent experiments. ∗P < 0:05, ∗∗P < 0:01 compared to the vector group.
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autophagy-restrained synovial cell proliferation, migration,
and invasion. Moreover, injection of IL-36 can improve the
symptoms of RA in a rat model of RA. Our data together
suggested crucial roles of IL-38 and IL-36 for determining
RA-FLS fate and ultimately regulating joint damages.

RA is a chronic inflammatory disease with the main
pathological feature of proliferative synovial lining tissue

caused by hyperplasia of FLS [6]. RA is also characterized
as cartilage and bone destruction caused by sybovium trans-
formation into the invasive tissue and aggressive phenotypes
of FLSs such as migration and invasion [26]. Both IL-38 and
IL-36 were found to be elevated in RA patients [12, 13, 17,
18]. The present study found that IL-38 enhanced while
IL-36 inhibited synovial cell proliferation, migration, and
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Figure 4: IL-38 promotes autophagy-inhibited cell proliferation. (a) SW982 cells were transfected with IL-38 overexpression plasmids or
empty vector and treated with 3-MA or rapamycin or left untreated. Cells were cultured for 24 hours and then collected and lysed for
immunoblotting analysis. The endogenous LC3I/II turnover was assessed using LC3 specific antibody. GAPDH was detected as control.
∗P < 0:05, ∗∗∗P < 0:001 compared to the vector group; ###P < 0:001 compared to the Rapa group. (b) SW982 cells were transfected with
empty vector or IL-38 overexpression plasmids and treated with 3-MA or rapamycin or left untreated. Cells were cultured for 24 hours
before EdU proliferation assay. Representative micrographs (200x) from three independent experiments are shown.
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invasion. IL-38 can bind with IL-36R and function as an
antagonist to IL-36, thus interrupting IL-36 binding to het-
erodimeric receptor complex IL-36R/IL-1RAcP [27]. IL-36
binds to the IL-36R leading to nuclear factor kappa B/mito-
gen-activated protein kinase-mediated cytokine release [15].
Recently, a study reported that IL-36R may mediate the
crosstalk between plasma cells and FLS [28]. Therefore, by
competing IL-36R, elevated IL-38 and IL-36 together pro-
moted FLS proliferation and migration, thus contributing
to the pathogenesis of RA. Moreover, our preliminary study
in rats showed that IL-36 treatment can relieve the symp-
toms of paw arthritis and inhibit the inflammation in the
joint synovium of RA rats, indicating its possible clinical
application.

Autophagy is a fundamental intracellular degradation
process with multiple roles in immunity, thus maintaining
cellular homeostasis and deciding cell fate [19]. Recent stud-
ies have revealed the involvement of autophagy in RA path-
ogenesis including elevated autophagy in RA-FLS for
apoptosis resistance [29, 30]. Dysfunction of autophagy in
RA-FLS leads to hyperplasia of synovial tissue, and down-
regulated autophagy in cartilage cells is responsible for cell

death and cartilage destruction. The present study found
that IL-36 accelerated and IL-38 impeded synovial cell
autophagy. For now, there are barely a few references study-
ing the relationship of IL-38 and IL-36 with autophagy. A
recent report in 2020 reported that IL-36 activated autoph-
agy to ablating the immune inhibitory of CD4+CD25+ Treg
[31], thus aggravating host immune response and the devel-
opment of sepsis. This is consistent with our conclusion that
IL-36 promoted autophagy in RA for synoviocyte hyperplas-
tic activity. No previous work characterized the role of IL-38
in autophagy. In consideration of the resemblance in anti-
inflammation, IL-10 was described to suppress autophagy
through activating PI3K/Akt/mTOR and JAK/STAT signal
pathway. Indeed, de Graaf et al. currently found that IL-38
prevented the induction of trained immunity by inhibition
of mTOR signaling [32]. This finding could be one theoret-
ical foundation of our study. Also, IL-38 signaling results in
the production of many inflammatory cytokines such as IL-
2, IL-6, IL-13, and IL-17, all of which have the ability to par-
ticipate in the autophagy process. IL-6 signals through
STAT3/Bcl-2 to decline the expression of autophagy protein
Beclin 1 for autophagy inhibition [33]; IL-17 activates
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Figure 5: IL-38 facilitates synoviocyte migration and invasion via autophagy. (a) SW982 cells were transfected with IL-38 overexpression
plasmids or empty vector and treated with 3-MA or rapamycin or left untreated. Cells were cultured for 12 hours followed by wound
healing assay. Images of the wound were captured at 0, 24, and 48 hours after the wound was created. Representative micrographs
(100x) from three independent experiments are shown. (b) S SW982 cells were transfected with IL-38 overexpression plasmids or empty
vector and treated with 3-MA or rapamycin or left untreated. Cells were cultured for 24 hours and then digested by trypsin,
resuspended, and seeded into upside well of the transwell system. After cultured for 24 hours, cells were subjected to crystal violet
staining and microscopy examination. Three separate experiments were performed with consistent results, and represented images are
shown.
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TAB2/3-mediated MAPK pathway to block autophagy pro-
gression [34]. Therefore, IL-38 might indirectly target
autophagy for RA regulation.

IL-38 and IL-36 affect synovial cell proliferation, migra-
tion, and invasion, and they also modulate synovial cell
autophagy. Autophagy is reported to modulate cell migra-
tion and invasion through different mechanisms [35–37].
Therefore, the effect of IL-38 and autophagy interaction on
synovial cell proliferation, migration, and invasion was
further studied. IL-36 was not further studied due to its
inhibited effects on RA-FLS biological process. Our data
showed that IL-38 promoted synovial cell proliferation,
migration, and invasion via autophagy. Distinct mecha-
nisms of pathogenesis and progression of RA are positively
and negatively related to autophagy. Autophagy contrib-
utes to the microorganism elimination or immunological
tolerance to prevent RA, whereas autophagy accelerates
citrullinated antigen presentation and T cell and B cell
activation [38]. Therefore, the modulation of cell events
of IL-38 via autophagy may contribute to the immune reg-
ulation during RA.

In conclusion, here, we propose a working model of IL-
36 and IL-38 regulating FLS function via autophagy, which
connects newly discovered IL-36/IL-38 immune regulation
with autophagy, providing the possibility of clinical applica-
tion targeting both pathways. Preliminary in vivo study sug-
gested that IL-36 has the potential for clinical application.

5. Conclusions

In conclusion, here, we propose a working model of IL-36
and IL-38 regulating FLS function via autophagy, which
connects newly discovered IL-36/IL-38 immune regulation
with autophagy, providing the possibility of clinical applica-
tion targeting both pathways.

Data Availability

The data used to support the findings of this study are avail-
able from the corresponding author upon request.
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Figure 6: IL-36 treatment improve the symptoms of RA in a rat model. A rat model of RA was developed by injecting type II collagen
combined with incomplete Freund’s adjuvant to the articular cavity of hind ankle joint of the rat at the first and 7th day. Rats in the
treatment group were injected with recombinant IL-36 from the first day to 10th day. All rats were sacrificed until the 28th day. (a) The
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synovium to show the inflammation and infiltration.
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The incidence rate of cardiovascular disease (CVD) has been increasing year by year and has become the main cause for the
increase of mortality. Mitochondrial DNA (mtDNA) plays a crucial role in the pathogenesis of CVD, especially in heart failure
and ischemic heart diseases. With the deepening of research, more and more evidence showed that mtDNA is related to
the occurrence and development of CVD. Current studies mainly focus on how mtDNA copy number, an indirect
biomarker of mitochondrial function, contributes to CVD and its underlying mechanisms including mtDNA autophagy,
the effect of mtDNA on cardiac inflammation, and related metabolic functions. However, no relevant studies have been
conducted yet. In this paper, we combed the current research status of the mechanism related to the influence of mtDNA
on the occurrence, development, and prognosis of CVD, so as to find whether these mechanisms have something in
common, or is there a correlation between each mechanism for the development of CVD?

1. Introduction of mtDNA Structure
and Function

[1] mtDNA itself is a small, double-stranded circular molecule,
and humanmtDNA is 16,569bp in length. mtDNA encodes 13
polypeptide subunits of the oxidative phosphorylation
(OXPHOS) enzyme complexes, 22 transfer RNAs, and 2 ribo-
some RNAs, which are needed for mitochondrial respiration
[2]. Unlike nuclear DNA (nDNA), mtDNA lacks histone pro-
tection and efficient DNA repair function, making it vulnerable
to damage. We know that DNA is the major genetic material
and contains genetic information. About 30% of the genetic
profile in mtDNA is used to encode, and about 70% is used to
encode the proteins within the mitochondria, so the disease
caused by changes in mtDNA will have the corresponding
genetic nature. A growing number of studies have shown that
mtDNA plays an important role in the regulation of innate
immunity and can induce inflammatory disease via affecting
cell stress. Mitochondrial dysfunction, resulting in release of
mtDNA called damage-associated molecular pattern (DAMP),
can trigger natural immunity, leading to DAMP activation of
inflammation. Furthermore, the characteristics of mtDNA

and bacterial DNA are similar; 30 released mtDNA molecules
can cause CVDs such as atherosclerosis by inducing inflamma-
tory reaction. The decrease ofmtDNA increased autophagy reg-
ulating function, and CVD after myocardial cell damage can
also lead to line body dysfunction, releasemoremtDNA to cells,
and cause CVD through variousmechanisms, which form a cir-
cle. Therefore, it is significant to study the multiple mechanisms
of mtDNA on the occurrence, development, and prognosis of
CVD, which can provide new ideas for clinical treatment.

2. mtDNA Copy Number and CVD

mtDNA is the only relatively independent genome that
exists in organelles. It can control and encode part of pro-
teins, and it can indirectly reflect mitochondrial function.
The copy number of mtDNA in the genome can predict
CVD’s occurrence, development, and prognosis. Foram
et al. showed that the copy number of mtDNA is inversely
proportional to CVD events, and the influence on CVD risk
assessment of young individuals is significantly increased
[3]. However, the sample size of the above studies is small.
Therefore, multi-factor analysis of age, region, sex, blood
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lipid, blood pressure, smoking status and related drugs
should be studied and to determine the application potential
of mtDNA in clinic. Christina et al. evaluated 2,507 African-
Americans and European-Americans for community arte-
riosclerosis risk and studied the relationship between
mtDNA-CN and nDNA methylation. They have shown that
the regulation of mtDNA copy number leads to differences
in the methylation and expression of genes associated with
signal transduction processes, thus affecting the expression
status of crucial genes in human pathophysiologic process
[4]. In addition, mtDNA copy number plays a certain role
in the development of CVD. mtDNA copy number may
reflect the degree of mtDNA damage and may be a bio-
marker of mitochondrial function and a predictor of cardio-
vascular disease risk. It has been reported in the literature
that mtDNA copy number in the cardiomyocytes of patients
with heart failure is significantly decreased. Oxidative stress
can aggravate heart failure and cardiac remodeling, and the
electron transport chain in mitochondria is an important
source of oxidative free radicals. In myocardial infarction
mice, the expression of the antioxidant gene peroxiredoxin
-3 (PRX-3) and mtTFA can, to some extent, increase
mtDNA copy number in patients with heart failure, delay
pathological myocardial remodeling, and improve the sur-
vival rate of mice. Ikeda et al. found that in mice overex-
pressing mtTFA and Twinkle helical protein, mtDNA copy
number was increased by 2 times and myocardial damage
in isolated cardiac hypertrophy was alleviated [5]. Therefore,
increasing mtDNA copy number becomes a new way to treat
myocardial injury mediated by oxidative stress.

mtDNA copy number variation is influenced by envi-
ronmental and genetic factors, among them, oxidative stress
is one of the most important factors. Different effects of
these factors on mtDNA copy number need more research
to clarify. At the same time, how mtDNA copy number var-
iation works on the prediction of the occurrence and devel-
opment of diseases and its appropriate application in
treatment also will be the important direction of research
in the future.

3. mtDNA Inflammatory Response

“Aseptic inflammation of the heart” is usually a secondary
response to myocardial damage caused by ischemia injury
or heart failure. A growing number of researches have dem-
onstrated that inflammation plays an important role in the
physiological and pathological progress of heart failure [6].
The expression level of inflammatory factors in patients with
heart failure was significantly higher than that in healthy
people [7, 8]. The abnormal expression of inflammatory fac-
tors and their receptors are closely associated with the mor-
tality of patients with severe heart failure and the poor
prognosis of idiopathic dilated cardiomyopathy [9–11].
Besides, studies have identified that the expression status of
TNF-α in serum is closely related to the severity of heart fail-
ure [7, 8]. Relative hypomethylation, unique structural char-
acteristics, and vulnerability to oxidative damage make
mtDNA a potentially potent DAMP in disease, which acti-
vates innate immunity to induce inflammation and type I

interferon responses. Recent studies have found that pattern
recognition receptors (PRRs), including TLR-9, NLRP3
inflammasome, and GMP-AMP synthase- (cGAS-) STING
pathway, are key promoters of mtDNA-related inflamma-
tory responses [12, 13]. The proinflammatory function of
mtDNA was first identified in 2004 by Collins et al. [14].
In this study, the researchers injected mtDNA instead of
nDNA into the articular cavity of mice and found that
mtDNA could promote the inflammatory response of joints
by inducing the secretion of TNF-α in spleen cells. At the
same time, it has been reported that loss of mitochondrial
DNA attenuates IL-1β secretion in macrophages by inhibit-
ing activation of inflammasome after treatment with lipo-
polysaccharide (LPS) and ATP [15]. The way mtDNA
participates in inflammatory response is similar to that of
bacteria. Significantly, oxidation is necessary in mtDNA-
related inflammatory response [16, 17]. When mtDNA
binds to TFAM, nucleotide has a high stability; otherwise,
mtDNA is in a fragile and easily degraded state. It has been
reported that the abnormal expression of TFMA or mtDNA
caused by oxidative modification is the decisive factor lead-
ing to the combination of TFAM and mtDNA and the insta-
bility of nucleoid. However, the role of defective TFAM and
mtDNA binding in inflammatory response is still unknown.
The study found showed that both cell-free mtDNA and
TFAM-bound mtDNA play an important role in inflamma-
tory response [18].

3.1. mtDNA, as an Inflammatory Mediator, Interacts with
the following Substances to Produce an Autoimmune Stress
Response and Trigger Inflammation

3.1.1. Toll-Like Receptor 9. Studies had shown that acute
myocardial infarction can cause aseptic inflammation,
aggravate tissue damage, and lead to increased levels of
mtDNA, which activates the NF-κB pathway through
TLR9 and triggers an innate immune response, leading to
myocardial cell damage. In arteriosclerosis, the released
mtDNA forms a complex with the human antimicrobial
peptide LL-37, which is resistant to degradation of deoxyri-
bonuclease 2 and escapes autophagy recognition, leading to
the activation of TLR9-mediated inflammatory response
and the sustained activation of TLR9, causes autoimmune
activation of chemokines and live cytokines, and exacerbates
arteriosclerosis [19]. Increased mtDNA in plasma source
exosomes in chronic heart failure triggers an inflammatory
response through the TLR9-NF-κB pathway [20]. mtDNA
released in acute myocardial infarction activates TLR9 and
aggravates ischemia reperfusion injury through the TLR9-
p38 MAPK pathway, thus exacerbating myocardial injury.
Myocardial ischemia-reperfusion injury is a challenging
clinical problem. During myocardial ischemia-reperfusion
injury, a large amount of mtDNA is released, which causes
inflammatory reaction and aggravates myocardial injury
[21]. Current studies suggest that chloroquine interferes
with TLR9-mediated inflammatory signaling and transduc-
tion, and PDTC inhibits NF-κB and inhibits NF-κB activa-
tion by metal chelation. More suitable drugs and dosages
require further study [22].

2 Disease Markers



3.1.2. NLRP3 and Inflammasomes. NLRP3 is the second fac-
tor that has been shown to influence the inflammatory
response through REDOX and mtDNA. NLRP3 is very sen-
sitive to bacterial infection, viral invasion, and other patho-
genic factors [23, 24]. It was found that mtROS activated
NLRP3, and the mechanism was closely related to the oxida-
tion of mtDNA [15, 16, 25, 26]. mtROS can influence
mtDNA subcellular localization and activate NLRP3 inflam-
masome by binding NLRP3 [16]. NLRP3 inflammasome is a
multiprotein complex composed of NLRP3, which is a spot-
like protein with a caspase activation and recruitment
domain and is closely related to apoptosis. It has been
reported that NLRP3 and ASC colocate to mitochondrial
clusters in the endoplasmic reticulum-perinuclear space
when NLRP3 inflammasome is activated, thereby inducing
caspase 1 cleavage and activation [27]. When caspase-1 is
activated, the expression levels of proinflammatory factors
such as IL-1 and IL-18 are significantly increased and thus
participate in REDOX inflammatory reactions [28]. Besides,
deletion of NLRP3 and caspase-1 genes reduces mtDNA
release [15, 26]. It has also been found that nonoxidative
mitochondrial DNA can induce IL-1β secretion by activat-
ing inflammatory bodies such as AIM2 [29]. Multiple risk
factors of CVD are also considered to activate inflamma-
somes, so intervention in the activation of inflammasomes
can be a prevention and treatment target of cardiovascular
disease. Heart function of I/R mice with NLRP3 defect was
improved, and hypoxia injury was reduced. Under the action
of ATP, ischemic myocardial fibroblasts promote the assem-
bly and upregulation of NLRP3 inflammasomes, thus affect-
ing the infarct size. By constructing a mouse model of
ischemic injury, the use of NLRP3 inflammasome inhibitors
prevented myocardial cell death and reduced left ventricular
systolic function in mice to a certain extent. In heart failure
following ischemic heart injury, a strong inflammatory
response leads to further injury and dysfunction of cardiac
contraction and expansion, and the release of cell debris dur-
ing tissue injury causes conformational changes in NLRP3
inflammasomes, leading to the activation of caspase-
1.Clinical treatment of heart failure patients with IL-1 antag-
onist injection showed increased oxygen consumption,
which is expected to be a new direction of heart failure treat-
ment in the future.

Currently, the NLRP3 inflammasome’s influence on heart
failure has been largely focused on its mediated role in IL-1
and IL-18 in heart remodeling. The activation of NLRP3
inflammasomes in mice had been shown to induce heart
failure by promoting myocardial inflammation and systolic
dysfunction by producing proinflammatory IL-1 [30].

3.1.3. Cyclic GMP–AMP Synthetase. When first discovered,
the CGAS-STING signaling pathway was thought to be a
crucial component of the innate immune system; its func-
tion being to detect the existence of cytoplasmic DNA and
induce the secretion of inflammatory factors. When the
cyclic GMP-AMP synthase (cGAS) senses DNA that should
not be present in the cytoplasm, it catalyzes a chemical reac-
tion between GTP and ATP that produces a small molecule
called cyclic GMP-AMP (cGAMP); the molecule acts as a

messenger for innate immune system, further activating
the immune response. Therefore, cGAS is like a burglar
alarm, and cGAMP is the electrical signal generated by the
burglar alarm [31, 32]. In recent years, STING has been
identified as a cytoplasmic anchored protein capable of
directly binding to double-stranded DNA or initiating IFN
response via cyclic dinucleotide activation. In addition, the
IFN response initiated by STING can also be realized by
affecting mtDNA [33, 34]. The mechanism is that when
STING binds to mtDNA, cGAS will begin to recruit STING
proteins, and STING induces phosphorylation of transcrip-
tion factor IRF-3 through activation of TANK (NF-κB acti-
vator associated with TRAF family members) binding
kinase and NF-κB signaling pathway [35]. mtDNA also acti-
vates cGAS-STING to initiate the production of type 1 inter-
feron (IFNS), which triggers an inflammatory response [36].
Recent literature suggests that mtDNA released into the
cytoplasm during apoptosis may activate cGAS to produce
CGAMP, which enlists STING, and downstream to further
activate TBK1-IRF3 signaling pathway to produce IFN-7
and IFN-8. In addition, recent studies have shown that
mtDNA produced by herpes virus infection can also activate
the cGAS-STING signaling pathway 9. Activated IRF-3
mediates transcription of nuclear gene products stimulated
by type I and type III IFN and IFN leading to mtDNA-
induced inflammatory response. In physiological environ-
ment, oxidative mtDNA whole-body injection increased
IFN-stimulated gene expression in the spleen of wild-type
mice, but not in STING-deficient mice. Therefore, the study
of CGAS and STING targeted drugs for the treatment of
chronic inflammation has a good prospect.

4. mtDNA Autophagy and
Cardiovascular Disease

The inflammatory response triggered by mtDNA is closely
related to autophagy. Autophagy is a key adaptive mecha-
nism by which excess cytoplasmic components (such as
DNA, proteins, mitochondria, and intracellular pathogens)
are “confiscated” by double-membrane vacuoles (autop-
hages) that fuse with lysosomes to degrade the cytoplasmic
components captured in them for clearance, to protect the
cells from stress-induced damage [37]. The pathological pro-
cess of a variety of CVD is accompanied by changes in the
autophagy of cardiac myocytes. Myocardial injury activates
autophagy’s repair of cells. If the damage is severe, it could
cause apoptotic process. In addition, autophagy can limit
the inflammatory response by regulating key immune regu-
lators such as NF-κB10 and STING11. In pathological con-
ditions such as microbial infection and major trauma,
when malfunctioning mitochondria and damaged mtDNA
accumulate in the cytoplasm beyond the capacity of autoph-
agy, the negative regulatory function of autophagy is lost. As
a result, the inflammatory response increased significantly,
often accompanied by chronic inflammation, which is
caused by abnormal responses to TLR92, TLR12, NLRP35,
and/or cGAS-STING13, thus triggering the occurrence and
development of CVD [38].
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Therefore, the research on autophagy inducers will help to
improve the loss of autophagy caused by mtDNA, thus reduc-
ing the impact of chronic inflammation on CVD.mtDNA that
escapes autophagy can trigger an inflammatory response in
cardiomyocytes mediated by Toll-like receptor TLR9 and
can induce myocarditis and dilated cardiomyopathy [39].

This study provided a new idea for elucidating the mech-
anism of chronic inflammation in heart failure. By forming a
complex with human antimicrobial Peptide LL-37, mtDNA
from dead cells or from the structure of NET not only can
not be eliminated by DNASE II, the LL-37-mtDNA complex
formed at the same time, after entering into the cells,
becomes difficult to clear by avoiding the autophagy recogni-
tion, resulting in the continuous activation of the TLR9 sig-
naling pathway in the cells [40].

5. mtDNA Mutations and
Cardiovascular Disease

In view of the structure of mtDNA and its own genetic char-
acteristics, mtDNA is prone to mutation. Holt and Wallace
initially detected mtDNA mutations, respectively, in cells
from patients with mitochondrial encephalomyopathy and
Leber hereditary neuropathy. Mutations are possible candi-

date risk factors for cardiovascular disease due to the effect
of mitochondria on energy metabolism and the generation
of reactive oxygen species by evidence-based complementary
and alternative drugs. With the improvement of scientific
research level, multiple researches have demonstrated that
CVD and mtDNA mutations are closely related, such as
heart block, myocarditis, and sudden death. These studies
provided theoretical and experimental basis for elucidating
the pathogenesis of CVD. However, the current research is
limited to the detection of some mtDNA mutations in some
CVD, but how do the mutated genes change the structure
and function of the proteins they encode and how the
mtDNA directed proteins affect the occurrence and develop-
ment of mitochondrial diseases caused by oxidative stress
and energy metabolism remain to be further studied.

6. mtDNA and Metabolic Memory in
Diabetic Cardiomyopathy

More than 40 years ago, some scholars discovered a disease
that can occur independently of cardiovascular disease or
hypertension, which was named diabetic cardiomyopathy
(DCM). At present, its pathogenesis has not been fully clar-
ified [41]. Multiple pathophysiological mechanisms of DCM

Table 1: Cardiovascular diseases associated with pathogenic mtDNA mutations.

Mutation type Mutant gene mutations in the genes Disease Reference

Basepair substitution
mtDNA A4401G

Hypertension

[50]

mtDNA T14484G [51]

tRNA genetic mutation

tRNAMet m.A4435G
tRNALeu m.A3243G
tRNALeu m.A4263G
tRNALeu m.T4353C
tRNAPhe m.C593T
tRNATrp m.C5553T
tRNAGlc m.T4353C
tRNAIle m.T4291C
tRNALeu m.T3253C
tRNAAla m.A5655G

[52–58]

mRNA mutation m.A8701G in ATP6 [59]

tRNA genetic mutation
tRNAThr m.G15927A
tRNAPhe m.T5592C
tRNALeu m.A3243G

Coronary atherosclerotic disease

[60]

mtDNA deletion
mtDNA4977bp

Deletion
[61]

Basepair substitution mtDNA T16189C [62]

mtDNA deletion
mtDNA4977bp

Deletion
Arrhythmia [63]

Basepair substitution mtDNA T14709C

Cardiomyopathy

[64]

tRNA genetic mutation
tRNAAlle m.4322dupC [65]

tRNALeu m.A3243G [66]

mtDNA rearrangement deletion
7.5 KB deletion between ATPASE6 gene and D loop [67]

mtDNA7436bp
Deletion

[67]

tRNA genetic mutation tRNALeum.A3243G Heart failure [68]
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had been identified, such as the existence of hyperglycemia,
nonenzymatic glycosylation of macromolecules (such as
proteins), disorder of energy metabolism, mitochondrial
dysfunction, improper calcium treatment, abnormal reactive
oxygen species, inflammation, cardiomyocyte death, and
cardiac hypertrophy and fibrosis, resulting in impaired car-
diac systolic function. There was also growing evidence that
a phenomenon called “metabolic memory” exists in cardio-
vascular complications of diabetes, suggesting that these
pathogenic mechanisms might be controlled by mtDNA epi-
genetic modifications. While how epigenetic mechanisms
work is still not fully understood, a series of studies have
demonstrated its importance in modulating the cardiac
response to diabetes, and these studies are believed to con-
tribute to an in-depth comprehending of the specific mech-
anisms of DCM and their possible prevention and/or
treatment. Cong et al. found that mitochondrial glucose
and lipid metabolism disorders were one of the important
mechanisms of DCM. There were two ways to increase
ROS in myocardium: mitochondrial and extramitochondrial
[42, 43]. Boudina et al. study found enhanced mitochondrial
uncoupling and mitochondrial respiratory chain dysfunc-
tion in cardiomyocytes of DB/DB mice with type 2 diabetes
[44]. In addition, increased UCP3 expression, mitochondrial
damage, and reduced heart energy efficiency were reported
after cardiac ischemia in DB/DB mice [45]. The dysregula-
tion of mitochondrial Ca2+ in DCM is a research hotpot
in these years, and the presence of mitochondrial Ca2+ reg-
ulation disorders in diabetic animal models had been
reported in laboratory [46, 47]. Mitochondrial dysfunction
has a significant effect on the occurrence and progression
of diabetic cardiomyopathy. mtDNA damage of myocardial
cells caused by oxidative stress affects the pathogenesis of

diabetic cardiomyopathy significantly. Mitochondrial oxida-
tive stress was considered to be the single cause of mtDNA
damage and the underlying cause of mitochondrial dysfunc-
tion. The formation of 8-hydroxy-2′-deoxyguanosine (8-
OHDG) is a classic manifestation of mtDNA damage, which
leads to mutations when the 8-oxyguanosine DNA glycosy-
lase (Ogg1) is not repaired properly; Cividini et al. showed
that high glucose induced o-GlcNAcylation of Ogg1 and
increased mtDNA damage [48]. Hicks et al. showed that
increased oxidative stress induced by diabetes would change
the function of mitochondrial topoisomerase, and the activa-
tion/inhibition state of mitochondrial topoisomerase would
have an important impact on mtDNA integrity and myocar-
dial health in diabetes mellitus. Although mtDNA repair
mechanisms have been demonstrated in cardiomyocytes,
the mechanisms of this repair have not been fully identified
[49]. Therefore, these findings provided a new possible bio-
chemical mechanism for diabetic cardiomyopathy.

7. Summary

From the literature, it is clear that mtDNA plays an impor-
tant role in keeping mitochondria normal (Table 1). The
copy number of mtDNA can reflect the occurrence and
development of CVD to some extent. mtDNA damage not
only causes a variety of related metabolic diseases in human
body but also is an important point of CVD and causes of
new coronary CVD. mtDNA is special due to its composi-
tion and structure, such as no histone protection and located
near the respiratory chain, the main site of endogenous oxy-
gen radicals. It is vulnerable to damage by free radicals and is
not easy to repair due to its poor damage repair ability.
Because mtDNA is directly related to energy metabolism
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Figure 1: Relationship between mtDNA and cardiovascular disease. Multiple mechanisms interact to influence the occurrence,
development, and prognosis of cardiovascular disease.
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in vivo, mtDNA damage can easily lead to reduced ATP syn-
thesis and cause cell senescence and even death. Apoptosis
or necrosis is regulated by multiple factors, among which
mtDNA damage may be one of the effects of many mecha-
nisms on cardiovascular disease. The physiological mecha-
nism network system constructed by mtDNA copy, injury,
senility, apoptosis, autophagy, and so on plays an important
role in the occurrence of CVD (Figure 1). The combined
effect of mtDNA on CVD needs to be further studied, and
the effects of mtDNA polymorphism on cardiovascular dis-
eases should also be studied.
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Objective. To assess whether the effectiveness and safety of recanalization therapy for acute ischemic stroke (AIS) caused by large-
artery occlusion (LAO) differ between patients aged 60–79 years and patients aged ≥80 years. Methods. We analyzed prospective
data of patients with LAO (≥60 years) who underwent recanalization therapy at the Department of Vascular Neurosurgery, New
Era Stroke Care and Research Institute, PLA Rocket Force Characteristic Medical Center, from November 2013 to July 2017. The
data were compared between elderly patients (60–79 years) and very elderly patients (≥80 years). The effectiveness of
recanalization therapy was evaluated using the 90-day modified Rankin scale (mRS) score, while safety was assessed by the
rates of symptomatic intracranial hemorrhage (SICH) and mortality within 30 days. Results. A total of 151 patients with AIS
induced by LAO were included in this study. Seventy-three patients (48.3% [73/151]) had an overall favorable outcome (mRS
score 0–2) after treatment. A higher proportion of patients in the elderly group showed a favorable outcome compared with
the very elderly group (58.6% [34/58] vs. 41.6% [39/93], respectively; P = 0:046). The incidence of SICH (12.7% vs. 16.13%,
respectively; P = 0:561) and mortality (10.3% vs. 7.5%, respectively; P = 0:548) within 30 days was not significantly different
between the two groups. Conclusion. Recanalization treatment of LAO is more effective in elderly patients compared with very
elderly patients, while the safety of recanalization treatment is comparable between these two groups.

1. Introduction

Acute large-artery occlusion (LAO) has become the most
important cause of acute ischemic stroke (AIS) worldwide
and is related to the high recurrence rate of ischemic stroke
and poor outcomes [1]. Endovascular thrombectomy (ET)
and intravenous alteplase thrombolysis (IVT) are currently
the preferred vascular recanalization treatments for AIS.

Stroke morbidity and mortality increase with age, and the
absolute number of patients with fatal stroke is likely to
increase steadily due to population aging, a continued increase
in traditional risk factors, and poor management [2].

Age is usually regarded as an important factor affecting
the choice of treatment and prognosis, and this consider-
ation is particularly prominent in individuals aged over 80
years [3–6]. However, few randomized controlled trials have
investigated large-vessel recanalization treatment in patients
aged over 80 years.

With the development of recanalization treatment tech-
nology and population aging, the treatment of acute LAO in
patients over 80 years of age is receiving increasing attention.
In 2013, the Chinese Stroke Association and the American
Heart Association/American Stroke Association modified
AIS recombinant tissue plasminogen activator (rt-PA) IVT
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guidelines. Specifically, an age of greater than 80 years was no
longer an absolute exclusion criterion; instead, it became a
relative exclusion criterion (level II evidence and grade B
recommendation) [7, 8]. Moreover, the inclusion criteria for
AIS recanalization therapy in clinical practice have been further
expanded. Very elderly patients with low National Institutes of
Health Stroke Scale (NIHSS) scores, an Alberta Stroke Program
Early Computed Tomography (ASPECT) score of <6, and
posterior circulation infarction have been gradually indicated
to undergo revascularization therapy.

At the same time, an increasing number of single-center
trials began to include very elderly patients over 80 years of
age into the scope of intravascular recanalization treatment
and compared them with elderly patients aged less than 80
years [9]. It has been emphasized that the safety of ET is
comparable between patients aged over 80 years and those
aged less than 80 years [10]. However, the relationship
between recanalization therapy and clinical outcomes in very
elderly patients (those aged over 80 years of age) is not fully
understood. Therefore, this study was aimed at assessing
whether the benefits and safety of recanalization therapy for
acute LAO and AIS are comparable between patients ≥ 80
years of age (very elderly patients) and patients aged 60–79
years (elderly patients) to provide a basis for clinical treatment.
Thus, we aimed to assess whether there is a difference in the
effectiveness and safety of recanalization therapy for AIS
caused by LAO between elderly patients and very elderly
patients. We also aimed to provide a basis for the future selec-
tion of patients suitable for acute stroke recanalization treat-
ment and to investigate whether recanalization treatment has
a better effect in elderly patients compared with very elderly
patients. The findings of this study may inform future treat-
ment selection.

2. Materials and Methods

2.1. Patient Information. This study was a retrospective study
that included patients aged ≥60 years with AIS who were
admitted continuously to the Department of Vascular Neuro-
surgery, New Era Stroke Care and Research Institute, PLA
Rocket Force Characteristic Medical Center, from November
2013 to July 2017. Patients were divided into the elderly group
(60–79 years) and the very elderly group (≥80 years). Patients’
baseline characteristics, imaging results, and treatment plans
were recorded. This study was approved by the Ethics Com-
mittee of PLA Rocket Force Characteristic Medical Center,
and written informed consent was obtained from all patients.

The inclusion criteria were as follows: (1) aged ≥60
years; (2) met the AIS diagnostic criteria, including clear
neurological deficit, presence of an infarct on diffusion-
weighted imaging, and no cerebral hemorrhage on head
computed tomography (CT) [11]; (3) presence of LAO at
the internal carotid artery (ICA), vertebral artery, basilar
artery (BA), or main middle cerebral artery (M1), which
was related to the stroke event and confirmed by magnetic
resonance angiography or digital subtraction angiography;
and (4) an onset time window of within 4.5 hours for IVT
and within 6 hours for intravascular treatment in patients

with anterior-circulation disease and within 24 hours for
patients with posterior-circulation disease.

The exclusion criteria were as follows: (1) coagulation dys-
function, mental disorders, or malignant tumors; (2) liver or
kidney dysfunction, organ diseases, or an incomplete medical
history; (3) acute cerebral hemorrhage, systemic infection, or
blood system disease; (4) bilateral or multiple large-artery
disease, perforating artery disease or small-artery disease, a
history of surgical or interventional treatment for aortic valve
stenosis, or other diseases affecting clinical follow-up and
judgment; (5) refusal or failure to comply with the treatment
plan or failure to complete follow-up; and (6) participation
in other clinical trials.

2.2. Treatment Plan

2.2.1. IVT. For patients who met the requirements for IVT
and who had no contraindications to IVT, 0.9mg/kg rt-PA
(Boehringer Ingelheim Pharmaceutical Co., Ltd., Germany)
was administered. For patients with a higher bleeding risk,
the doctor exercised the decision to administer 0.6mg/kg
rt-PA based on experience.

2.2.2. ET. All surgeries were performed by an experienced
neurointerventionist (Professor Jiang Weijian). General or
local anesthesia was used depending on the patient’s condi-
tion and tolerance. Thrombus location was determined
using angiography, and the Solitaire AB stent removal device
was preferentially used for thrombus removal. The degree of
recanalization was measured by modified thrombolysis in
cerebral infarction (mTICI), with grade ≥ 2b representing
successful recanalization and grade 3 representing complete
recanalization [12].

2.2.3. Blood Pressure Management. To prevent ischemia–
reperfusion injury after recanalization, blood pressure was
kept below 180/105mmHg before surgery and maintained
at around 80% of the baseline level but not less than
90/60mmHg after vascular recanalization.

2.2.4. Antiplatelet Drugs. After ET, patients were routinely
treated with dual antiplatelet therapy (oral aspirin 100mg/day
and clopidogrel 75mg/day). Three months later, single-agent
antiplatelet therapy with aspirin 100mg/day or clopidogrel
75mg/day was administered long term.

2.2.5. Statins. Patients diagnosed with cerebral infarction were
immediately administered statin treatment. For patients with
severe atherosclerosis or emergency stent implantation, inten-
sive statin treatment was used.

2.3. Outcome Assessment. The mRS score 90 days after treat-
ment was used as the evaluation standard to determine
recovery of neurological function. An mRS score of 0–2
was defined as a good functional prognosis, and an mRS
score of 3–6 was defined as a poor prognosis [13]. The
mRS score was recorded by a neurologist who followed up
patients by telephone or during clinic visits.

The incidence of SICH and mortality within 30 days after
treatment was recorded. SICH was defined as subarachnoid
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hemorrhage or cerebral parenchymal hemorrhage with neuro-
logical deficit.

2.4. Statistical Analysis. SPSS 22.0 statistical software was used
for data analysis. Quantitative data are expressed as mean ±
standard deviation or median (interquartile range (IQR))
depending on whether the data were normally distributed.
The t-test or the rank-sum test was used to identify differences
between two individual groups. Count data are expressed as
the number of cases or as a percentage and were compared
using the chi-square test. A repeated-measures analysis of var-
iance was used to compare NIHSS and mRS scores at different
time points in each group. A P value of <0.05 was considered
statistically significant. Variables with P values of <0.1 in a
univariate analysis were included in a multivariate regression
analysis. Confounding factors were controlled by stratified
analysis and propensity score matching.

3. Results

3.1. Patients’ Baseline Characteristics. A total of 483 patients
were enrolled from November 2013 to July 2017, according
to the inclusion and exclusion criteria; 151 people were finally
included, all of whom were diagnosed with AIS caused by
LAO (Figure 1). There were 74 men (49% [74/151]) and 77
women (51% [77/151]). Among them, 38.4% of patients
(58/151) belonged to the elderly group (60–79 years of age),
and 61.6% of patients (93/151) belonged to the very elderly
group (80–93 years of age). There were 18 male patients in
the elderly group (13.03% [18/58]) and 56 in the very elderly
group (60.22% [56/93]). The proportion of male patients in

the very elderly group was significantly higher compared with
that in the elderly group (P < 0:01).

Before treatment, there were eight patients (13.79%
[8/58]) with atrial fibrillation in the elderly group and 27
patients (29.03% [27/93]) with atrial fibrillation in the very
elderly group (P = 0:875).

The incidence of vascular lesions in the elderly and very
elderly groups, respectively, was as follows: ICA (22.4% vs.
26.9%), middle cerebral artery (36.2% vs. 33.3%), BA (29.3%
vs. 29%), anterior circulation (40.9% vs. 59.1%), and posterior
circulation (34.9% vs. 65.1%). No significant differences were
observed between the two groups (P > 0:05; Table 1). There
was no significant difference in the baseline NIHSS score
(P = 0:163) or the baseline mRS score (P = 0:935) between
the elderly group and the very elderly group (Table 1). The
specific infarction sites included the basal ganglia, internal
capsule, cerebral lobe, watershed region, brainstem, cerebellum,
and thalamus (subject to imaging). No significant difference in
the number of patients with infarction in these different regions
was observed between the two groups (P = 0:980) (Table 1).

3.2. Treatment Results

3.2.1. mRS Score. Among all patients in the elderly group, 73
(48.3%) had a favorable 90-day outcome (mRS score 0–2
points). Compared with the elderly group, the very elderly
group had a lower proportion of patients with a favorable
outcome (41.6% vs. 58.6%, P = 0:046) (Figure 2) (Table 2).

3.2.2. Death and Complications. There were 13 deaths (8.6%
[13/151]) in the total cohort, and 22 patients (14.6%
[22/151]) had SICH. No significant difference in the

Patients (≥60 years) with LAO
who underwent recanalization

therapy

�e elderly patients
(60-79 years) 

�e very elderly patients
(≥80 years)

Result evaluation
(58 were included)

Result evaluation
(93 were included)

Statistical analysis

A total of 483 people, according to
the inclusion and exclusion criteria,
151 people were finally included 

332 patients were excluded because of
bilateral or multiple major artery 
lesions, not suitable for treatment,
incompletemedical history,
coagulopathy, liver and kidney 
diseases, failure to cooperate with
treatment and loss of follow-up, and
systemic severe infection.

Figure 1: Research flow chart.
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incidence of mortality or SICH was found between the
elderly and the very elderly group (mortality: 10.3% vs.
7.5%, P = 0:548; SICH: 12.07% vs. 16.13%, P = 0:561)
(Table 2). The differences in other complications, including
respiratory failure and lung infection, were not statistically
significant between the two groups (P = 0:9) (Table 2).

3.2.3. Predictor Analysis.Table 3 shows the results of the univar-
iate and multivariate analyses of prognostic factors at 90 days.
With the univariate analysis, the factors that predicted a favor-
able outcome were the male sex (odds ratio ðORÞ = 3:243, 95%
confidence interval (CI): 1.517–6.93, P = 0:002) and low-dose
rt-PA (OR = 3:170, 95% CI: 1.373–7.320, P = 0:007). The fac-
tors that significantly predicted a poor outcome were sex, atrial
fibrillation (OR = 4:656, 95% CI: 1.772–12.237, P = 0:002), and
thrombolytic therapy (OR = 2:561, CI: 1.014–6.465, P = 0:047).
The multivariate regression analysis of predictive factors indi-

cated that the male sex and low-dose rt-PA were predictive
factors for a favorable outcome.

3.3. Follow-Up Outcome. The duration of clinical follow-up
was 90 days. The proportion of patients with a favorable out-
come at 90 days (48.3% [73/151]) was significantly higher
compared with that before treatment (36.4% [55/151])
(P = 0:036). In the elderly group, the proportion of patients
with a favorable outcome at 90 days after treatment was
significantly higher compared with that before treatment
(58.6% vs. 31%, respectively; P = 0:015). The rate of a favor-
able outcomes at 90 days (25.8%) was not significantly
different compared with the rate before treatment (24.5%)
in the very elderly group (P = 0:791). During the follow-up
period, there were five patients (3.3%) with recurrent ische-
mic stroke, including two patients in the elderly group and
three patients in the very elderly group (3.4% vs. 3.2%,

Table 1: Comparison of baseline characteristics between <80 and ≥80 groups.

Clinical data All (n = 151) <80-years-old
group (n = 58)

≥80-years-old
group (n = 93) Test used x2/t/Z P

Gender
Male (n (%)) 74 (49.01) 18 (31.03) 56 (60.22)

Chi-square test 12.172a <0.001
Female (n (%)) 77 (50.99) 40 (68.97) 37 (39.78)

BMI 24:66 ± 1:73 24:47 ± 1:83 24:77 ± 1:67 t-test -1.036b 0.302

Time from onset to groin puncture (hours) 6:29 ± 0:72 6:26 ± 0:68 6:30 ± 0:76 t-test -0.349b 0.727

Time from onset to recanalization (min) 40:43 ± 2:98 40:24 ± 3:16 40:55 ± 2:87 t-test -0.615b 0.539

Baseline medical history

Hypertension (n (%)) 59 (39.07) 23 (39.66) 36 (38.71)

Chi-square test 0.013a 0.908Diabetes (n (%)) 55 (36.42) 21 (36.21) 34 (36.56)

Hyperlipidemia (n (%)) 48 (31.79) 18 (31.03) 30 (32.26)

Coronary heart disease (n (%)) 53 (38.48) 21 (29.97) 32 (34.41) Chi-square test 0.002a 0.965

Atrial fibrillation (n (%)) 35 (23.18) 8 (13.79) 27 (29.03) Chi-square test 0.025a 0.875

Vessel involved

Middle cerebral artery (n (%)) 43 (28.48) 21 (36.2) 31 (33.3)

Chi-square test 0.418a 0.741
Internal carotid artery (n (%)) 31 (20.53) 13 (22.4) 25 (26.9)

Basilar artery (n (%)) 35 (23.18) 17 (29.3) 27 (29)

Vertebral artery (n (%)) 13 (8.61) 7 (12.1) 10 (10.8)

Anterior cerebral artery 88 (58.3) 36 (40.9) 52 (59.1)
Chi-square test 0.557a 0.456

Posterior cerebral artery 63 (41.7) 22 (34.9) 41 (65.1)

Occlusion site

Basal ganglia 33 (21.9) 13 (24.5) 20 (20.4)

Chi-square test 1.312 0.980

Inner capsule 7 (4.6) 2 (3.8) 5 (5.1)

Brain lobe 26 (17.2) 10 (18.9) 16 (16.3)

Watershed 22 (14.6) 7 (13.2) 15 (15.3)

Brain stem 41 (27.2) 13 (24.5) 28 (28.6)

Cerebellum 10 (6.6) 3 (5.7) 7 (7.1)

Thalamus 12 (7.9) 5 (9.4) 7 (7.1)

Baseline NIHSS, median (IQR) 9 (4, 16) 11 (6, 15.25) 8 (3, 16)
Wilcoxon rank

sum test
4.659a 0.163

Baseline mRS, median (IQR) 3 (2, 4) 3 (2, 4) 3 (2, 4)
Wilcoxon rank

sum test
0.425a 0.935

Acute treatment (rt-PA) Chi-square test 4.247a 0.001

0.6mg/kg 63 (56.8) 13 (20.6) 50 (79.4)

0.9mg/kg 48 (43.2) 10 (20.8) 38 (79.2)

a means chi-square test; b stands for t-test.
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respectively; P = 0:941). Four patients (2.6%) developed in-
stent restenosis 2 months after surgery, including one
patient in the elderly group and three patients in the very
elderly group (1.7% vs. 3.2%, respectively; P = 0:576).

4. Discussion

4.1. Effectiveness Analysis. In this study, the proportion of
patients with a favorable outcome 90 days after recanalization
treatment differed between the two groups; that is, the propor-
tion of patients with a favorable outcome in the very elderly
group was lower compared with that in the elderly group
(Figure 2). A meta-analysis involving 1,400 subjects validated
this view and proposed that the effectiveness of aortic recana-
lization therapy in very elderly patients was poorer compared
with elderly patients [10, 14]. Most single-center trials and
meta-analyses hold the view that 80 years of age is an indepen-
dent predictor of functional independence and mortality 30
days after ET, and it is also the demarcation point for a rapid
decline in functional prognosis [14–16]. In very elderly
patients, functional improvement after treatment is limited
by neuronal reserve, remodeling ability, and plasticity [14].
Another possible reason is that difficulty in vascular access
and increased vascular distortion or atherosclerotic lesions
may affect surgical outcomes [15, 16].

Conflicting results have been reported in previous stud-
ies. For example, Taichiro et al. showed no significant differ-

ence in the favorable outcome rate between the elderly group
and the very elderly group (42% vs. 57%, respectively; P =
0:261), and the therapeutic effect of ET treatment between
the two groups was also comparable [17]. Yasuhiro et al.
proposed that age should not be used as a criterion to
exclude elderly patients. They believe that improving
recanalization techniques could elevate the success rate of
treatment in older patients, but there is still no uniform stan-
dard on how to improve the technology [18].

In this study, we suggest that in addition to the above
reasons, other baseline factors, such as atrial fibrillation
and thrombolysis dose, may also be responsible for the poor
prognosis of elderly patients. The lower functional indepen-
dence of patients in the very elderly group before stroke may
also reduce treatment effectiveness [19]. Therefore, age may
indeed be a factor to consider when deciding whether recan-
alization therapy should be selected in the clinic.

4.2. Safety Analysis. In this study, we found no significant dif-
ference in safety between the two groups within 30 days after
treatment. No significant difference was detected in the rate
of SICH or mortality between the elderly and very elderly
groups (16.1% vs. 12.1%, respectively; P = 0:561; 7.5% vs.
10.3%, respectively; P = 0:548). This may be due to the follow-
ing three reasons. First, a low dose of rt-PA (0.6mg/kg) was
administered to some patients to improve safety in this study.
The conditions suitable for low-dose thrombolysis were as
follows: advanced age, mild stroke, relative contraindications,
bleeding risk, awakening stroke, and overweight [20]. Twelve
patients in the elderly group and 34 patients in the very elderly
group underwent low-dose rt-PA treatment. The proportion
of patients in the very elderly group who underwent low-
dose rt-PA treatment was significantly higher compared with
the proportion of patients in the elderly group (36.6% vs.
20.7%, respectively; P = 0:039). Second, careful treatment
selection and active prevention of complications after treat-
ment were adopted to further ensure patient safety. When
selecting treatment for patients with a baseline mRS score of
≥2 and an ASPECT score of ≤6, a comprehensive assessment
and in-depth communication with family members were
carried out to ensure patient safety and successful treatment
plan implementation. Finally, the interval from disease onset
to treatment was strictly limited to between 4.5 and 6 hours
for all patients included in the study [10]. The International
Stroke Trial 3 showed no difference in the rate of cerebral
hemorrhage and mortality between the very elderly group
and the elderly group (4% vs. 3%, respectively; P = 0:667),
confirming that thrombolytic therapy is safe in the elderly
[21]. The results of the EXTEND-IA and REVASCAT studies
have confirmed the safety of IVT and bridge endovascular
therapy within 6 hours of AIS onset [22]. Therefore, our
results are consistent with previous findings that the safety of
recanalization treatment is comparable between the elderly
and very elderly groups.

4.3. Influencing Factors. In this study, univariate and multi-
variate analyses indicated that the male sex and low-dose
rt-PA thrombolysis were predictive factors for a favorable
outcome. Atrial fibrillation and thrombolytic therapy were

mRS score of patients at 90 days a�er treatment
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Figure 2: Distribution of mRS scores in the elderly group, the very
elderly group, and all patients 90 days after treatment. The
proportion of patients in each group with different scores was
shown (0-6, the higher the score, the more severe the disability).
The numbers under the bar represent the proportions of patients
in different scoring segments. Due to rounding, the sum of these
percentages may not equal 100. The black lines indicate the
comparison of the proportion of patients with favorable outcomes
(mRS 0-2 points) in different groups. The detailed results were as
follows: 90 days after treatment, a total of 73 patients (48.3%) had
a favorable outcome (mRS 0-2). In the group of <80 years old and
≥80 years old, 34 patients (58.6%) and 39 patients (41.6%) had a
favorable outcomes, respectively. The ratio of favorable outcomes
in the former was higher than that in the latter (P = 0:046).
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predictive of a poor outcome. According to previous meta-
analyses and multicenter studies, the main factors affecting
the effectiveness of recanalization treatment are baseline
functional level (a higher baseline NIHSS score), vascular
disease location, thrombolysis dose, time from onset to
emergency, operation time, and the proportion of patients
with mTICI > 2b/3 [10, 14, 23].

We found no significant difference in the baseline func-
tional level or in the distribution of anterior-circulation and
posterior-circulation lesions between the two groups in the
present study (Table 1). Moreover, we found that the propor-
tion of male patients with a favorable outcome and a poor out-
come was 64.4% and 34.6%, respectively (OR = 3:24, P = 0:002
). Findings from South Korea have shown that the average life
expectancy of men is lower than that of women, resulting in a
significantly decreased proportion of male patients in the very
elderly group, which may have affected the results. Therefore,
we speculate that the male sex may be predictive of a favorable
outcome. Moreover, an older age and the female sex are also
predictors of a poor outcome. Because women have a longer
life expectancy than men, women are more likely to be of a
higher chronological age when they experience stroke and they
may thus have a higher disability rate when classified into the
very elderly group [24, 25], which is consistent with previous
meta-analysis results [14].

The rate of atrial fibrillation in the very elderly group was
higher compared with that in the elderly group (29.03% vs.
13.79%, respectively; P = 0:031). The proportion of patients
with atrial fibrillation in those with favorable and poor out-

comes was 11% and 34.6%, respectively (OR = 4:656, P =
0:02), indicating that atrial fibrillation may be an influencing
factor of a poor outcome. Similar findings have been reported
in previous studies. The incidence of atrial fibrillation con-
firmed on admission was significantly higher in patients ≥ 80
years of age compared with patients < 80 years of age (69%
vs. 45%, respectively; P = 0:042). Moreover, the incidence of
cardiogenic thromboembolism in patients aged ≥80 years
was significantly higher compared with those aged <80 years
(94% vs. 73%, respectively; P = 0:016). Therefore, we infer that
atrial fibrillation may lead to a higher bleeding risk and a poor
prognosis. This may be due to large-artery embolism caused
by atrial fibrillation, which causes infarction in the area sup-
plied by themiddle cerebral artery. Furthermore, atrial fibrilla-
tion is often associated with other high-risk factors, such as
hypertension and atherosclerosis, which lead to a significantly
higher mortality rate compared with patients without atrial
fibrillation or patients with tremor [20, 25].

In this study, 111 patients underwent IVT and 40
patients did not undergo IVT, and there was statistical
difference between the two (P < 0:05). A significant differ-
ence was observed between the number of patients with a
poor outcome at 90 days and the number of patients with
a favorable outcome (68 vs. 43, respectively; P < 0:001).
The multivariate analysis showed that IVT is predictive of
a poor outcome (P = 0:047), which is contrary to previous
studies [15, 16, 26, 27]. With a detailed analysis of previous
studies, we found that the effect of different rt-PA doses on
the results was rarely mentioned. In this study, by

Table 2: Comparison of treatment outcomes between the elderly group and the very elderly group.

All <80 (58) ≥80 (93) P

mRS at 90 days (M, IQR) 3 (1, 4) 2 (1, 4) 3 (1, 4) 0.246

IVT (M, IQR) 3 (1, 4) 2 (1, 4.5) 3 (1, 4) 0.450

ET (M, IQR) 3 (2, 4) 3 (1.75, 5) 2 (0, 4) 0.486

IVT&ET (M, IQR) 2 (1, 4) 2 (0, 4) 3 (1, 4) 0.173

Before treatment
Favorable outcomes (mRS 0-2 at 90 days) (n, %)

55 (36.4) 18 (31.0) 37 (39.8) 0.277

90 days after treatment
Favorable outcomes (mRS 0-2 at 90 days) (n, %)

73 (48.3) 34 (58.6) 39 (41.6) 0.046

Other outcome (mRS 3-6 at 90 days) (n, %) 78 (51.7) 24 (41.4) 54 (58.1) 0.046

SICH (n, %) 22 (14.6) 7 (12.07) 15 (16.13) 0.561

Other complications (n, %) 46 (30.5) 18 (31.0) 28 (30.1) 0.904

Death (mRS 6 at 90 days) (n, %) 13 (8.6) 6 (10.3) 7 (7.5) 0.548

mRS at 90 days in different degrees (n, %) 0.380

0 24 (15.9) 11 (19.0) 13 (14.0)

1 24 (15.9) 11 (19.0) 13 (14.0)

2 25 (16.6) 12 (20.7) 13 (14.0)

3 28 (18.5) 6 (10.3) 22 (23.7)

4 22 (14.6) 7 (12.1) 15 (16.1)

5 15 (9.9) 5 (8.6) 10 (10.8)

6 13 (8.6) 6 (10.3) 7 (7.5)

Normally distributed data is presented asmean ± standard deviation and compared using independent sample t-test. Data that are not normally distributed is
expressed as M (P25-P75), and the Wilcoxon rank sum test is used for the comparison between groups. Count data is represented by n (%), and the
comparison between groups is done by the chi-square (χ2) test. The multivariate analysis is tested by two-class logistic regression analysis. P < 0:05
indicates statistical significance.
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comparing the effects of different rt-PA doses, we infer that
IVT can affect the outcome of recanalization therapy, but the
effect is also influenced by the rt-PA dose. In our study, the
number of patients in the elderly and very elderly groups
who underwent low-dose rt-PA treatment (0.6mg/kg) was
significantly different (13 [20.6%] vs. 50 [79.4%], respec-
tively; P = 0:001). Therefore, we speculate that low-dose rt-
PA thrombolysis may increase safety but significantly reduce
the effectiveness of treatment, thus making IVT a predictive
factor for a poor outcome in this study. Similar to our
results, Dong et al. recently reported that low-dose rt-PA
thrombolysis can reduce the risk of SICH, but it also signif-
icantly reduces treatment effectiveness [28].

In previous studies, the influence of age and serum 25
(OH) D concentration on the prognosis of stroke has been
noted. According to the DNA methylation algorithm, biolog-
ical age is probably an independent predictor of 3-monthmor-
tality after ischemic stroke, which is unrelated to NIHSS score
and vascular risk factors [29]. Tu et al. suggest that 25 (OH) D
remains an independent prognostic marker of 90-day mortal-
ity and functional outcomes in Chinese patients with AIS;
lower serum levels of 25 (OH) D are independently associated
with the stroke recurrence and mortality at 24 months in
ischemic stroke patients [30, 31]. Cheng et al. suggested that

elevated serum hS-CRP and HCY levels were associated with
the risk of PSD 1 year after stroke, and this was likely to be a
factor influencing the favorable outcomes at 90 days [32]. Fur-
ther randomized controlled trials are needed to assess the fac-
tors that influence the prognosis of stroke in elderly patients.

This study had several limitations. First, this study was a
single-center study; thus, the evaluation may not be suffi-
ciently comprehensive. There is a need to further expand
the scope of analysis to include other factors, such as
ASPECT score, collateral circulation grading, and the rela-
tively small number of cases after grouping. Second, the
overall sample size was small, and this limitation was partic-
ularly prominent when the three methods were separately
counted. This may have led to a decrease in detection effi-
ciency. In future studies, the inclusion criteria should be
optimized, the number of subjects should be increased, and
data from multiple research centers should be combined
for analysis.

5. Conclusion

In this study, nearly half of the total cohort achieved a good
functional prognosis at 3 months after recanalization. Recana-
lization had comparable safety between patients aged ≥80 years

Table 3: Multivariate analysis for predictors of good outcome and poor outcomes.

Univariate logistic regressions for outcome
Multivariate logistic

regressions for outcome
Favorable outcomes n = 73 Poor outcomes n = 78 P Odds ratio (95%) P

Male 47 (64.4) 27 (34.6) <0.001a 3.243 (1.517, 6.93) 0.002

BMI 24:71 ± 1:68 24:61 ± 1:79 0.726

Onset to groin time (h) 6 (6, 7) 6 (6, 7) 0.684b

Onset to IVT time (min) 40 (38, 43) 40.5 (38, 43) 0.419c

Baseline NIHSS 9 (4, 15) 9 (4, 16) 0.761c

Hypertension 24 (32.9) 35 (44.9) 0.131a

Diabetes mellitus 31 (42.5) 24 (30.8) 0.136a

Hyperlipidemia 19 (26) 29 (37.2) 0.141a

Coronary heart disease 21 (35.1) 32 (41) 0.143a

Arterial fibrillation 8 (11) 27 (34.6) 0.001a 4.656 (1.772, 12.237) 0.002

Location 0.565a

Middle cerebral artery (n (%)) 24 (32.9) 28 (35.9)

Internal carotid artery (n (%)) 21 (28.8) 17 (21.8)

Basilar artery (n (%)) 22 (30.1) 22 (28.2)

Vertebral artery (n (%)) 6 (8.2) 11 (14.1)

Treatment options 0.271a

Age 0.046a 3.536 (1.344, 9.306) 0.011

<80 34 (46.6) 24 (30.8)

≥80 39 (53.4) 54 (69.2)

rt-PA <0.001a 2.561 (1.014, 6.465) 0.047

No 30 (41.1) 10 (12.8)

Yes 43 (58.9) 68 (87.2)

rt-PA 0.6mg/kg 32 (43.8) 14 (17.9) 0.001a 3.170 (1.373, 7.320) 0.007

“a” indicates chi-square test; “b” indicated t-test; “c” indicates Z test. The assignment is as follows: favorable outcomes group = 1, poor prognosis group = 0;
0:6mg/kg = 1, and 0:9mg/kg = 2. BMI: body mass index.
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and patients aged 60–79 years. Although there were no signif-
icant differences between the two groups in terms of group size,
baseline functional score, and vascular lesions, the benefits of
recanalization in very elderly patients were not as good as those
in elderly patients. Therefore, we infer that age may be an
important factor affecting the outcome of aortic recanalization.
Furthermore, we identified other influencing factors. Specifi-
cally, sex may affect treatment effectiveness, low-dose rt-PA
thrombolysis may improve treatment safety, and atrial fibrilla-
tion may predict a poor prognosis. In clinical practice, a
comprehensive evaluation of certain factors, such as age, must
be considered to achieve better treatment outcomes.
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Overexpression of C-X-C motif chemokine receptor 4 (CXCR4) and intercellular cell adhesion molecule-1 (ICAM-1) may
promote homing of mesenchymal stem cells (MSC). In this study, we treated ulcerative colitis animals with MSC
preconditioned with or without H19 and compared the therapeutic effect of MSC and MSC-H19. We evaluated the regulatory
relationship of H19 vs. miR-141/miR-139 and miR-141/miR-139 vs. ICAM-1/CXCR4. We established an ulcerative colitis
mouse model to assess the effect of MSC and MSC-H19. H19 was found to bind to miR-141 and miR-139. The activity of H19
was strongly decreased in cells c-transfected with miR-141/miR-139 and WT H19. ICAM-1 was confirmed to be targeted
by miR-141 and CXCR4 was targeted by miR-139. The H19 expression showed a negative regulatory relationship with the
miR-141 and miR-139 expression but a positive regulatory relationship with the ICAM-1 and CXCR4 expression. In
summary, the overexpression of H19 in MSC downregulated miR-139 and miR-141, thus increasing the activity of their
targets ICAM-1 and CXCR4, respectively, to exhibit therapeutic effects in ulcerative colitis.

1. Introduction

As a condition of the gastrointestinal tract system, inflamma-
tory bowel disease (IBD) manifests as ulcerative colitis,
Crohn’s disease, and persistent inflammation in the stomach.
The etiology of IBD remains unclear; although, studies on
IBD pathogenesis have shown that the breakdown of the
immune system in the digestive tract, including an imbal-
ance in intestinal microbiota, is crucial for the onset of
this condition [1, 2].

Mesenchymal stem cells (MSC) are present in many
body organs, such as dental pulp, bone marrow, fat, and
muscles; furthermore, MSC are linked to the microvascula-
ture in the entire body as pericytes. These cells may differen-
tiate into different types of mesenchymal cells [3]. MSC

produce cytokines and alter the microenvironment required
for cell regrowth. MSC possess strong immunomodulatory
properties by reducing the proliferation of inflammatory
cells as well as the synthesis of cytokines [4]. MSC are
presently utilized for the treatment of inflammatory condi-
tions, such as myocarditis, sclerosis, and IBD [5, 6]. While
the functions of MSC remain elusive, MSC are used for
IBD therapy and have displayed appealing outcomes in
animals [7–9].

Noncoding RNA (ncRNA) has been shown to possess
significant properties in the regulation of gene functions
[10]. NcRNAs have been shown to become significant regu-
latory factors in the onset, progression, and prognosis of
medical conditions [11]. NcRNAs include the extensively
studied miRNAs, as well as the lncRNAs, which is one type
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of ncRNA recently recognized for their importance. How-
ever, although miRNAs have been intensively examined for
their functionalities, lncRNAs also comprise a new and pos-
sibly crucial class of ncRNAs [12]. LncRNA H19 is located
close to the telomeric region of chromosome 11p15.5 [13],
and it was reported to be highly expressed in the developing
embryo while being significantly downregulated in neonates
[14]. Moreover, H19 has been described as an oncogene in
several diseases such as bladder cancer, colorectal cancer,
or breast cancer [15–17]. Apart from this, H19 silences
target genes by upregulating the miR-139 expression. In
one study, H19 was significantly upregulated under hypoxic
conditions, indicating that H19 participates in cell injury
induced by hypoxia [18]. And a previous study showed the
that miR-139 expression was downregulated in nerve cells
and rodent brains under hypoxia [19]. Moreover, H19 was
demonstrated to compete with miR-141 and influence the
expression of miR-141, as well as the ZEB1 which is the
target gene of miR-141, in gastric cancer [20]. By making
use of a bioinformatic approach, H19 was shown to bind
to miR-139 and miR-141. Therefore, it was supposed that
there may be interactions between miR-139/miR-141 and
H19 [20, 21].

Bioinformatic results and dual-luciferase assays have
suggested that CXCR4 is a direct miR-139 target. Function-
ally, the suppressive effects of miR-139 on the proliferation
of T-ALL cells were reversed by CXCR4 transfection, while
the miR-139 overexpression substantially lowered the malig-
nancy of T-ALL cells, and people with very high expression
of miR-139 and reduced CXCR4 expression showed greater
five-year survival than people with reduced miR-139 expres-
sion [22]. Also, the homing and migratory capacity of
umbilical cord-derived MSC via regulating CXCR4 could
lead to the boosting of protection against liver ischemia/
reperfusion injury by rapamycin-preconditioned umbilical
cord-derived MSC [23], and by promoting the expression
of CXCR4, HIV glycoprotein gp120 has also been found to
enhance the migration of MSC [24]. Also, bioinformatic
results and dual-luciferase assays have suggested ICAM-1
as a direct target of miR-141. ICAM-1 has been shown to
interact with target cells during cytotoxic T cell and natural
killer cell-mediated damage [25], and ICAM-1 has also been
shown to prevent and reverse dextran sulfate sodium-
induced colitis in mice [26].

Moreover, It has been shown that the overexpression of
CXCR4 and ICAM-1 may promote the homing of MSC in
the treatment of IBD [27, 28]. Furthermore, we suspected
that the overexpression of H19 may enhance the expression
of CXCR4 and ICAM-1, possibly by the findings that H19
could sponge the expression of miR-139 and miR-141
expression [21]. In this study, we treated ulcerative colitis
animals with MSC preconditioned with or without H19
and compared the therapeutic effect of MSC and MSC-
H19 in the treatment of ulcerative colitis.

2. Materials and Methods

2.1. Mice. All female C57BL/6 mice (approximately 8 weeks,
body weight approximately 20 g) were obtained from the

institutional animal center. Mice were fed a pellet-based diet
and drinking water. The study protocol was approved by the
institutional ethical committee.

2.2. Preparation of MSC. Bilateral tibias and femurs were
isolated from four-week-old female C57BL/6 mice, and bone
marrow was rinsed out of the marrow cavity with DMEM
(Gibco, New York, NY, USA) and filtered using a cell
strainer (70μm, BD Biosciences, Franklin Lakes, NJ, USA)
prior to spinning for 5mins at 600 g. The cell pellets were
then resuspended in the same medium at 1 × 106 cells/mL.
H19- and CXCR4-overexpressing MSC were produced using
lentiviral transduction (Thermo Fisher, USA) with pWSLV-
07-EF1a-Puro-GFP vectors. The correctness of each plasmid
was validated through sequencing. 293 T cells (ATCC,
Manassas, VA) were cotransfected with the pWSLV-07-
EF1a-H19-Puro-GFP and pWSLV-07-EF1a-Puro-GFP plas-
mids using Lipofectamine 3000 (Invitrogen, Carlsbad, CA).

2.3. Animal Model. Colitis was triggered by administration
of 36–50 kDa DSS (MP Biomedical, Santa Ana, CA). The
mice were fed 5% DSS in sterile water for 1 week and then
fed regular water for another 14 days (three cycles). The ani-
mals were evaluated every day to record food uptake and
body weight (body weight change was calculated using the
weight on day 0 as a reference). Bodyweight data were
collected every 3 days to calculate body weight change (%)
ðweight at dayX/weight at day 0Þ × 100), and stool consis-
tency and rectal bleeding occurrence were recorded.
Thirty-two C57BL/6 mice were randomly divided into four
groups (eight animals/group): a SHAM group (mice treated
with PBS), animal model group (mice treated with DSS), and
two treatment groups (mice treated with DSS+MSC and
mice treated with DSS+MSC-H19). For the two treatment
groups, mice were treated with MSC or MSC-H19 (3 × 106
cells/mL) via tail vein injection on days 4, 14, and 24. The
animal model establishment was accomplished following
previous published protocols [29]. Around 5% of the mice
died during our experiment. At the end of the experiments
(12 weeks in total), the animals in each group were killed
to isolate colons for functional analysis.

2.4. Real-Time PCR. A miRNeasy Mini kit (Qiagen,
Valencia, CA) was used with a ReverTra PCR assay kit
(Toyobo, Osaka, Japan) and SYBR Green mix (Toyobo,
Osaka, Japan) to measure H19, miR-141, CXCR4, ICAM-1,
and miR-139 expression with the 2−ΔΔCt method. U6 and
β-actin were used for control. The primer sets for H19
were 5′-CTTCTTTAAGTCCGTCTCGTTC-3′ (forward)
and 5′-GAGGCAGGTAGTGTAGTGGTTC-3′ (reverse).
The primer sets for miR-141 were 5′-TCTTCCAGTGC
AGTGTTGG-3′ (forward) and 5′-GAACATGTCTGCGT
ATCTC-3′ (reverse). The primer sets for miR-139 were 5′-
CTACAGTGCACGTGTCTC-3′ (forward) and 5′-GAAC
ATGTCTGCGTATCTC-3′ (reverse). The primer sets for
CXCR4 mRNA were 5′-GACTGGCATAGTCGGCAAT
GGA-3′ (forward) and 5′-CAAAGAGGAGGTCAGCCAC
TGA-3′ (reverse). The primer sets for ICAM-1 mRNA were
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5′-AAACCAGACCCTGGAACTGCAC-3′ (forward) and
5′-GCCTGGCATTTCAGAGTCTGCTo-3′ (reverse).

2.5. Cell Experiments. MSC were divided into 2 groups: (1) a
pcDNA group (MSC transfected with pcDNA) and (2) a
pcDNA-H19 group (MSC transfected with pcDNA-19).
The cells were cultured in DMEM (Gibco, Waltham, MA)
containing 100U/mL pen-strep and 10% FBS. Cells were
passaged using 0.25% trypsin EDTA (Gibco, Thermo Fisher
Scientific, Waltham, MA) every week. Similarly, MSC were
divided into 2 groups: (1) a scramble control group (MSC
transfected with control siRNA) and (2) an H19 siRNA
group (MSC transfected with H19 siRNA). The primer sets
for H19 siRNA were 5′-AACCCGUAGAUCCGAUCUU
GUG-3′ (forward) and 5′-CAAGAUCGGAUCUACGGGU
UU-3′ (reverse). The primer sets for control siRNA were
5′-UUCUCCGAACGUGUCACGUTT-3′ (forward) and
5′-ACGUGACACGUUCGGAGAATT-3′ (reverse). The
transfection of MSC was performed with Lipofectamine
3000, and cells were collected 48h after transfection for
subsequent assays.

2.6. Cell Invasion Assay. Transwell assays (Corning,
Corning, NY) were performed using an 8μm membrane
with a Matrigel coating (BD Biosciences, San Jose, CA).

2.7. Luciferase Assay. According to previous publications,
H19 was predicted to bind to miR-141 [20] and miR-139
[21]. To confirm the binding of H19 to miR-141 and miR-
139, a luciferase assay was performed by cotransfecting cells
with scrambled miRNA control + WT H19, miR-141/miR-
139+WT H19, scrambled miRNA control + MUT H19,
and miR-141/miR-139+MUT H19. In brief, fragments of
miR-141 and miR-139 containing miR-141 and miR-139
binding sites were cloned into the pcDNA vector (Promega,
Madison, WI) downstream of the luciferase gene to generate
wild-type H19 plasmids for miR-141 and miR-139 binding,
respectively. At the same time, site-directed mutagenesis
was performed at the miR-141 and miR-139 binding sites
of H19 to generate mutant H19 plasmids. In the next step,
MSC were cotransfected with wild-type/mutant H19 and
miR-141 or miR-139 using Lipofectamine 3000. The lucifer-
ase activity was tested 48h later using a dual-Luciferase assay
(Promega, Madison, WI).

Moreover, by searching public databases (http://
mirtarbase.mbc.nctu.edu.tw, http://www.mirdb.org), ICAM1
and CXCR4 were shown to, respectively, bind to miR-141
andmiR-139. In this study, fragments of ICAM-1 and CXCR4
containing binding sites for miR-141 and miR-139, respec-
tively, were cloned into pcDNA vectors downstream of the
luciferase gene to generate wild-type ICAM-1 and CXCR4
plasmids for miR-141 and miR-139 binding, respectively. At
the same time, site-directed mutagenesis was performed at
the miR-141 and miR-139 binding sites of ICAM-1 and
CXCR4 to generate mutant-type ICAM-1 and CXCR4 plas-
mids for miR-141 and miR-139 binding, respectively. In the
next step, MSC were cotransfected with wild-type/mutant-
type ICAM-1 and CXCR4 plasmids and miR-141 or miR-
139 using Lipofectamine 3000. Universally, transfection was

performed following the general protocol: the concentration
of plasmid-based constructs was 0.2μg, and the concentration
of miRNA mimics was 30nM. The constructs and mimics
were separately dissolved in PBS and added to the medium
in a dish before shaking to mix. The luciferase activity of the
cells was assayed 48h posttransfection by using a Dual-
Luciferase Reporter assay kit.

2.8. Western Blotting.Western blotting was done to assay the
expression of ICAM-1 and CXCR4 proteins in samples
using a conventional procedure. Anti-ICAM-1 and anti-
CXCR4 primary antibodies were purchased from Abcam
(Cambridge, MA).

2.9. MTT Assay. MSC proliferation was measured using an
MTT assay kit (Beyotime Medical, Wuhan, China). Optical
density was evaluated at 570nm wavelength on a microplate
reader (Bio-Rad 550, Bio-Rad Laboratories, Hercules, CA) in
strict accordance with the manual provided by the machine
manufacturer.

2.10. Transwell Assay. Transwells (8μm, Millipore, Billerica,
MA) were used to examine the migration ability of MSC in a
48 h experiment.

2.11. Immunohistochemistry. Immunohistochemistry was
carried out to determine the protein expression of ICAM-1
and CXCR4 in paraffin-embedded samples. After rehydra-
tion, the 4μm sliced tissue sample sections were blocked
using 5% goat serum before they were incubated with anti-
ICAM-1 (dilution: 1 : 1,000; Abcam, Cambridge, MA) and
anti-CXCR4 primary antibodies (dilution: 1 : 1,000; Abcam,
Cambridge, MA) at 4°C overnight. Then, the sections were
incubated for twenty minutes at 37°C with biotinylated
secondary antibodies (dilution: 1 : 2,000; Abcam), stained
with 3,3′diaminobenzidine (DAB, Thermo Fisher Scientific,
Waltham, MA), counterstained with hematoxylin, and
observed under an Olympus light microscope (Olympus
Corporation).

2.12. Histological Analysis. HE stained transverse sections
from colon samples were sliced into 4μm sections, fixed at
4°C overnight in 4% (v/v) formaldehyde, and embedded in
paraffin. The extent of colonic inflammatory damage was
assessed blindly according to previous publications [30].

2.13. Serum Analysis. The levels of peripheral blood bio-
markers, such as C-reactive protein (CRP), were evaluated
with a biochemistry analyzer (TBA-120FR; Toshiba Medical
System Co., Tochigi, Japan) according to the manufacturer’s
instructions.

3. Statistical Analysis

One-way ANOVA (post hoc test: Tukey’s test) and Student’s
t-tests were performed using SPSS 21.0 when appropriate to
compare the results for different groups. A P value of 0.05
was taken to judge statistical significance.
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Figure 1: Luciferase assay of the H19-miR-141-ICAM-1 and H19-miR-139-CXCR4 axis. (a) Binding region between H19 and miR-141 was
predicted, and the luciferase activity was the lowest in cells cotransfected with miR-141 and wild-type H19 (∗P value <0.05 vs. control + WT
H19). (b) Binding region between miR-141 and ICAM-1 was predicted, and the luciferase activity was the lowest in cells cotransfected with
miR-141 and wild-type ICAM-1 (∗P value <0.05 vs. control + WT ICAM1). (c) Binding region between H19 and miR-139 was predicted,
and the luciferase activity was the lowest in cells cotransfected with miR-139 and wild-type H19 (∗P value <0.05 vs. control + WT ICAM1).
(d) Binding region between miR-139 and CRCX4 was predicted, and the luciferase activity was the lowest in cells cotransfected with
miR-139 and wild-type CRCX4 (∗P value <0.05 vs. control + WT CXCR4).
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Figure 2: RNA and protein levels of miR-141, miR-139, ICAM-1, and CXCR4 in MSC was regulated by the transfection of H19 (∗P value
<0.05 vs. pcDNA). (a) RNA level of H19 was boosted in MSC transfected with H19. (b) RNA level of miR-141 was decreased in MSC
transfected with H19. (c) mRNA level of ICAM-1 was increased in MSC transfected with H19. (d) RNA level of miR-139 was decreased
in MSC transfected with H19. (e) mRNA level of CXCR4 was increased in MSC transfected with H19. (f) protein level of ICAM-1 was
higher in MSC transfected with H19. (g) Protein level of CXCR4 was higher in MSC transfected with H19.
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Figure 3: RNA and protein levels of miR-141, miR-139, ICAM-1, and CXCR4 in MSC transfected with scramble control or H19 siRNA (∗P
value <0.05 vs. control). (a) RNA level of H19 was reduced by the transfection of H19 siRNA in MSC. (b) RNA level of miR-141 was
promoted by the transfection of H19 siRNA in MSC. (c) mRNA level of ICAM-1 was inhibited by the transfection of H19 siRNA in
MSC. (d) RNA level of miR-139 was promoted by the transfection of H19 siRNA in MSC. (e) mRNA level of CXCR4 was inhibited by
the transfection of H19 siRNA in MSC. (f) Protein level of ICAM-1 was reduced with the presence of H19 siRNA in MSC. (g) Protein
level of CXCR4 was reduced with the presence of H19 siRNA in MSC.
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4. Results

4.1. Validation of the H19-miR-141-ICAM-1 and H19-miR-
139-CXCR4 Axes. By searching public databases (http://
mirtarbase.mbc.nctu.edu.tw and http://www.mirdb.org),
H19 was predicted to bind to miR-141 (Figure 1(a)) and
miR-139 (Figure 1(c)). We subsequently confirmed the
binding of H19 to miR-141 and miR-139 by detecting the
luciferase activity in cells cotransfected with control +
WT/MUT H19 and in cells cotransfected with miR-
141/miR-139+WT/MUT H19. Accordingly, the results
revealed that the luciferase activity was sharply decreased
in cells cotransfected with WT H19 and miR-141
(Figure 1(a)) or WT H19 and miR-139 (Figure 1(c)). The
downstream targets of miR-141 and miR-139 were further
analyzed. ICAM-1 was predicted to be a downstream target
of miR-141 (Figure 1(b)), and CXCR4 was predicted to be a
downstream target of miR-139 (Figure 1(d)). Then, the lucif-
erase activity was tested in cells cotransfected with control +
WT/MUT ICAM-1 compared with cells cotransfected with
miR-141 +WT/MUT ICAM-1 (Figure 1(b)) and in cells
cotransfected with control + WT/MUT CXCR4 compared
with cells cotransfected miR-139 +WT/MUT CXCR4
(Figure 1(d)). Accordingly, luciferase activity was signifi-
cantly decreased in cells cotransfected with miR-141 and
wild-type ICAM-1 (Figure 1(b)) and in cells cotransfected
with CXCR4 and miR-139 (Figure 1(d)).

4.2. Regulatory Relationship among H19, miR-141/miR-139,
and ICAM-1/CXCR4. Mesenchymal stem cells (MSC) were
transfected with pcDNA or pcDNA-H19, followed by detec-
tion of the expression of miR-141, ICAM-1 mRNA/protein,
miR-139, and CXCR4 mRNA/protein. The evidently upreg-
ulated H19 expression validated the successful transfection
of pcDNA-H19 (Figure 2(a)), and the miR-141 (Figure 2(b))
and miR-139 (Figure 2(d)) expression was decreased in
pcDNA-H19 cells, while the ICAM-1 (Figures 2(c) and 2(f))

and CXCR4 (Figures 2(e) and 2(g)) expression was
increased in pcDNA-H19 cells. In addition, cells transfected
with H19 siRNA (Figure 3(a)) had higher levels of miR-141
(Figure 3(b)) and miR-139 (Figure 3(d)) but lower levels of
ICAM-1 (Figures 3(c) and 3(f)) and CXCR4 (Figures 3(e)
and 3(g)).

4.3. The Impacts of H19 on Cell Proliferation and Migration.
MSC were transfected with pcDNA, scramble control,
pcDNA-H19, or H19 siRNA, and MTT and transwell assays
were performed to detect cell proliferation and migration.
MTT results showed that the proliferation rate of cells trans-
fected with pcDNA-H19 was significantly higher than that
of cells in other groups, while the proliferation rate of cells
transfected with H19 siRNA was the lowest among all the
cell groups (Figure 4(a)). Transwell assays revealed that
higher expression of H19 had positive effects on cell migra-
tion, while downregulation of H19 inhibited cell migration
(Figure 4(b)).

4.4. Impact of MSC and H19 on Ulcerative Colitis Mice.Mice
were randomly divided into 4 groups: SHAM, DSS, DSS+
MSC ,and DSS+MSC-H19, and body weight was measured
every three days. Accordingly, at day 90, mice treated with
DSS showed significant weight loss (Figure 5(a)) and short-
ened colon length (Figure 5(b)), and the effects of DSS were
attenuated by MSC treatment and further alleviated by
MSC-H19 treatment (Figures 5(a) and 5(b)). Additionally,
the level of the peripheral blood biomarker CRP was the
lowest in the SHAM group and highest in the DSS group
(Figure 5(c)). As shown in Figure 5(d), HE staining indi-
cated that the level of inflammation was evidently increased
by DSS, and MSC treatment and MSC-H19 treatment par-
tially restored the increased histological inflammatory score
in DSS mice.

Then, the levels of inflammatory cytokines (TNF-α, IL-1,
IL-6, IL-8) were tested in the four groups. As expected, DSS
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Figure 4: Proliferation and migration of MSC transfected with pcDNA, scramble control, pcDNA-H19, or H19 siRNA (∗P value <0.05 vs.
pcDNA; ∗∗P value <0.05 vs. control). (a) MTT assay indicated that proliferation of MSC transfected with pcDNA-H19 was the highest
among all cell groups. (b) Transwell assay indicated that migration of MSC transfected with pcDNA-H19 was the highest among all
cell groups.
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Figure 5: Effects of DSS, MSC, and MSC-H19 on mice weight and colon length. (a) Body weight loss of mice was highest in the DSS group,
while MSC treated and MSC-H19 treated both obstructed this negative effect (body weight loss ð%Þ = ðweight at dayX/weight at day 0Þ × 100).
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treatment induced an inflammatory response, manifested by
increased expression of TNF-α (Figure 6(a)), IL-1
(Figure 6(b)), IL-6 (Figure 6(c)), and IL-8 (Figure 6(d)). MSC
injection reduced the effects of DSS, and MSC-H19 infusion
further reduced the level of inflammatory responses.

4.5. Functions of MSC and H19 in Ulcerative Colitis Mice.
We further tested the targets of H19 (i.e., miR-141 and
miR-139) and their downstream genes (i.e., ICAM-1 and
CXCR4) in the four mouse groups. As shown in Figure 7,
administration of DSS evidently increased miR-141
(Figure 7(a)) and miR-139 (Figure 7(c)) expression while
decreasing ICAM-1 mRNA (Figure 7(b)) and CXCR4

mRNA (Figure 7(d)) expression, which was also confirmed
by RT-qPCR. MSC injection weakened the effects of DSS,
and MSC-H19 further abated the effects of DSS. ICAM-1
and CXCR4 protein expression was measured via Western
blotting. As shown in Figures 7(e) and 7(f), the protein
expression of ICAM-1 and CXCR4 was significantly
decreased by DSS, while MSC infusion elevated the protein
expression of CXCR4 and ICAM-1, and MSC-H19 had a
more prominent effect in raising the ICAM-1 and CXCR4
expression (Figures 7(e) and 7(f)). The protein expression
of CXCR4 (Figure 8(b)) and ICAM-1 (Figure 8(a)) was fur-
ther examined via IHC, and the results were consistent with
the WB results.
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Figure 6: Effects of DSS, MSC, and MSC-H19 on the inflammatory response were measured by the detection of mRNA levels of TNF-α,
IL-1, IL-6, and IL-8 (∗P value <0.05 vs. control; ∗∗P value <0.05 vs. DSS; #P value <0.05 vs. DDS+MSC). (a) Level of TNF-α mRNA in
mice was the highest and lowest, respectively, in the DSS and SHAM groups. (b) Level of IL-1 mRNA in mice was the highest and lowest,
respectively, in the DSS and SHAM groups. (c) Level of IL-6 mRNA in mice was the highest and lowest, respectively, in the DSS and
SHAM groups. (d) Level of IL-8 mRNA in mice was the highest and lowest, respectively, in the DSS and SHAM groups.
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Figure 7: Effects of DSS, MSC, and MSC-H19 on miR-141, ICAM-1 mRNA, miR-139, and CXCR4 levels (∗P value <0.05 vs. control; ∗∗P
value <0.05 vs. DSS). (a) RNA level of miR-141 in mice was the highest in the DSS group and the lowest in the SHAM group. (b) RNA level
of ICAM-1 in mice was the highest and lowest, respectively, in the SHAM and DSS groups. (c) RNA level of miR-139 in mice was the highest
in the DSS group and the lowest in the SHAM group. (d) RNA level of CXCR4 in mice was the highest and lowest, respectively, in
the SHAM and DSS groups. (e) Protein level of ICAM-1 in mice was the highest and lowest, respectively, in the SHAM and DSS
groups. (f) Protein level of CRCX4 in mice was the highest and lowest, respectively, in the SHAM and DSS groups.
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5. Discussion

IBD, such as Crohn’s disease and ulcerative colitis, is persis-
tent and relapsing conditions with chronic inflammation of
the intestinal tract and injuries to the mucus [31]. Mucosal
recovery is linked to improved and lasting medical efficacy.
Thus, mucosal recovery has been a major target for IBD
treatment [32]. The absence of mucosal recuperation gener-
ally leads to difficulties in patient recovery and complica-
tions, such as blood loss, fistulas, and perforation, which
demand a hospital stay and surgery. Less than 50% of IBD
patients can be managed with standard treatments, such as
immunomodulators, corticosteroids, and biologic drugs
[33]. Standard treatments used to treat IBD rely on suppres-
sion of the immune system; for that reason, new techniques
are required to enhance mucosal regrowth [34]. While intra-
venous transplants of stem cells are frequently used in com-
mon treatments, the distribution of MSC to wounded tissues
is still extremely complicated [35]. Initiatives are being made
to promote the delivery of MSC, such as by using nanopar-
ticles [36]. In addition, chemokine CXC receptor (CXCR),
vascular cell adhesion molecule 1 (VCAM1), and E-selectin
ligands have been assessed to cover MSC surfaces to aid their
targeted delivery to wounded sites, improving the therapeu-
tic results of IBD therapy [35, 37]. In the present study, mice
were randomly divided into 4 groups: SHAM, DSS, DSS
+MSC, and DSS+MSC-H19. Mice treated with DSS showed
significant weight loss and shortened colon length. The
effects of DSS were obstructed by MSC treatment and were
further alleviated by MSC-H19 treatment. In addition, the
level of inflammatory cytokines was tested in the four
groups. DSS treatment induced an inflammatory response,
while MSC injection reduced the effects of DSS, and MSC-
H19 infusion further reduced the inflammatory response.
Furthermore, the levels of targets of H19 (miR-141 and
miR-139) and their downstream genes (ICAM-1 and
CXCR4) were tested in the four mouse groups. It was found
that the expression of miR-141 and miR-139 was evidently
increased while the expression of ICAM-1 and CXCR4 was
decreased in DSS animals. MSC injection weakened the
effects of DSS, and MSC-H19 injection further abated the
effects of DSS.

Recently, the level of H19 was discovered to become sub-
stantially enhanced in osteoarthritis tissues, indicating a pro-
spective role of H19 in the progression of inflammatory

conditions [38]. A previous report on the role of H19 in pro-
tection of the intestinal barrier in sepsis seems to conflict
with our results [39]. Such a discrepancy could be attributed
to the different disease backgrounds. The basic disease inves-
tigated in this study is ulcerative colitis, and the basic disease
examined in the reference is sepsis. Recently, scientists uti-
lized bioinformatic and luciferase assay to verify the binding
between miR-141 and H19. As assumed, it was found that
miR-141 could bind complementarily to H19, inhibiting
translation of an RLuc-H19 gene. It was likewise revealed
that miR-141 acts as a repressor of ICAM-1 expression,
and the miR-141 overexpression decreases the ICAM-1
expression induced by ischemia to alleviate reperfusion
injury. Therefore, miR-141 might act as a beneficial factor
in the treatment of heart disease [40]. Here, ICAM-1 is pre-
dicted to be a downstream gene of miR-141, and CXCR4 is a
downstream target of miR-139. The activity of miR-
141/miR-139 was decreased in cells cotransfected with
miR-141/miR-139 and ICAM-1/CXCR4. In addition, mes-
enchymal stem cells (MSC) were transfected with pcDNA,
pcDNA-H19, or H19 siRNA. The expression levels of miR-
141 and miR-139 were decreased in pcDNA-H19 cells and
increased in H19 siRNA cells, while the levels of ICAM-1
and CXCR4 were increased in pcDNA-H19 cells but
decreased in H19 siRNA cells. Furthermore, MSC were
transfected with pcDNA, scramble control, pcDNA-H19,
or H19 siRNA. MTT and transwell assays revealed that the
higher H19 expression had positive effects on cell prolifera-
tion and migration, while downregulation of H19 inhibited
cell proliferation and migration.

ICAM-1 has been shown to participate in the vital pro-
cesses of immune reactions [9]. ICAM-1 can promote hom-
ing of numerous immune cells in secondary lymphoid
organs. From a physiological standpoint, the ICAM-1
expression in MSC is very low, but ICAM-1 is dramatically
enhanced in MSC located in an inflammatory environment
[41, 42]. In addition, ICAM-1 u-regulation enhances the
immunosuppressive role of MSC [41–43].

The expression of ICAM-1 in IBD indicates a possible
function of ICAM-1 in IBD pathophysiology. ICAM-1 was
shown to be elevated in colon lysates collected from patients
with ulcerative colitis [44, 45].

The level of CXCR4 is an essential factor in promoting
the proliferation and migration of stem cells. CXCR4 is
mostly expressed in cell cytoplasm [46]. The level of CXCR4

SHAM DSS+MSCs DSS+MSCs‑H19DSS

(a)

SHAM DSS+MSCs DSS+MSCs‑H19DSS

(b)

Figure 8: Protein levels of ICAM-1 and CXCR4 in transverse colon tissues of mice in SHAM, DSS, DSS +MSC, and DSS +MSC-H19 groups
were detected by IHC (the brown color denotes the expression of ICAM-1 in (a) and CXCR4 in (b); scale bar: 50 μm). (a) IHC assay
indicated that the protein level of ICAM-1 was the lowest in the DSS group and highest in the SHAM group. (b) IHC assay indicated
that the protein level of CXCR4 was the lowest in the DSS group and highest in the SHAM group.
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is minimized with extended cell culture [47]. Various cyto-
kines can promote the expression of CXCR4 on the cell
membrane [48, 49]. Transforming growth factor-β1 (TGF-
β1) might upregulate the CXCR4 expression in basal cell
carcinoma (BCC) cells [50]. TGF-β1 can also increase
CXCR4 levels in MSC in acute I/R injury. Additionally,
CXCR4 aids MSC migration to SDF-1.

The results of this study provided further understanding
of the molecular mechanism underlying the therapeutic
effect of stem cell in the treatment of IBD and identified
the reinforcer, H19, to improve the therapeutic effect of stem
cells. These findings may provide a basis for the future clin-
ical use of stem cell as a modality to treat IBD.

6. Conclusion

In conclusion, collectively, the results of our study demon-
strated that the overexpression of H19 in MSC downregu-
lated the expression of miR-139 and miR-141, thus
upregulating the expression of their target genes ICAM-1
and CXCR4, respectively. Since it has been verified that the
overexpression of ICAM-1 and CXCR4 can promote the
homing of MSC in the treatment of ulcerative colitis, the
overexpression of H19 exhibited therapeutic effects in ulcer-
ative colitis.
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Coronavirus disease 2019 (COVID-19) caused by the severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) is currently
the most significant public health threat worldwide. Patients with severe COVID-19 usually have pneumonia concomitant with
local inflammation and sometimes a cytokine storm. Specific components of the SARS-CoV-2 virus trigger lung inflammation,
and recruitment of immune cells to the lungs exacerbates this process, although much remains unknown about the
pathogenesis of COVID-19. Our study of lung type II pneumocyte cells (A549) demonstrated that ORF7, an open reading
frame (ORF) in the genome of SARS-CoV-2, induced the production of CCL2, a chemokine that promotes the chemotaxis of
monocytes, and decreased the expression of IL-8, a chemokine that recruits neutrophils. A549 cells also had an increased
level of IL-6. The results of our chemotaxis Transwell assay suggested that ORF7 augmented monocyte infiltration and
reduced the number of neutrophils. We conclude that the ORF7 of SARS-CoV-2 may have specific effects on the
immunological changes in tissues after infection. These results suggest that the functions of other ORFs of SARS-CoV-2
should also be comprehensively examined.

1. Introduction

Coronavirus disease 2019 (COVID-19) is an infectious dis-
ease caused by the severe acute respiratory syndrome coro-
navirus 2 (SARS-CoV-2) that has become a worldwide
pandemic [1–3]. The number of confirmed patients infected
by SARS-CoV-2 continues to increase daily. As of Apr 2021,
there were more than 0.14 billion SARS-CoV-2 infections
and 3 million deaths from COVID-19 reported worldwide
(https://coronavirus.jhu.edu/map.html). This global pan-
demic is still not under control, although there are encourag-
ing trends in some regions. Other coronaviruses, such as
MERS and SARS, had high transmissibility, but the epi-
demics were limited to certain regions and populations.

Thus, SARS virus led to more than 8000 infected cases and
700 deaths in 26 countries, and MERS led to about 2500
cases and 858 deaths in 27 countries [4–6]. In contrast, there
has been an enormous disease burden associated with SARS-
CoV-2 infection. Numerous vaccines are currently available
in many regions, and clinical trials have shown they are
effective and safe [7, 8].

SARS-CoV-2 infects lung epithelial cells, type II alveolar
(ATII) cells, by binding to the membrane-associated
angiotensin-converting enzyme 2 (ACE2) on the cell surface
[9–12]. Once inside the host cell, SARS-CoV-2 begins to
produce viral RNA polymerase, which then replicates the
complementary genomic RNA, making double-stranded
RNA [13]. Subsequently, cells translate the structural and
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nonstructural proteins (NSPs) of SARS-CoV-2 in the cytosol
[13, 14]. The structural proteins include nucleocapsid (N),
spike (S), membrane (M), and envelope (E) proteins, and
the NSPs include 16 NSPs from the ORF1ab [15]. There
are at least 10 open reading frames (ORFs) in the genome
of SARS-CoV-2: ORF1ab, ORF2 (S protein), ORF3, ORF4
(E protein), ORF5 (M protein), ORF6, ORF7, ORF8, ORF9
(N protein), and ORF10 [15, 16]. Viral polymerase and all
16 NSPs are translated from the ORF1ab subgenome [16].
The S, N, E, and M proteins are all structural proteins, and
the 16 NSPs function in replication and transcription of
the viral genome [15].

Emerging evidence indicates that almost all of these ORF
proteins have important roles in the lifecycle of SARS-CoV-
2. As an RNA virus, SARS-CoV-2 infection stimulates the
innate immunity of cells for RNA sensor proteins in the
cytosol, such as retinoic acid inducible gene-I (RIG-I), mel-
anoma differentiation-associated gene-5 (MDA-5), and
toll-like receptors (TLR 3/7/8), which induce the expression
of interferons (IFNs) [17]. ORF6, ORF8, and the N protein
of SARS-CoV-2 inhibit these IFN-activated antiviral path-
ways, and this inhibits the IFN-stimulated response element
(ISRE) [18]. Additionally, ORF3 upregulates markers of apo-
ptosis in 293T, HepG2, and Vero E6 [19]. Although the
functions of several ORFs are incompletely understood, all
ORFs and NSPs have specific functions during the lifecycle
of SARS-CoV-2.

The present in vitro study examined the function of
ORF7 in SARS-CoV-2 by focusing on its regulation of
numerous cytokines and chemokines (IL-6, TNF-a, IL-8,
CXCL2, and CXCL7) that function in the chemotaxis of
monocytes and neutrophils in vitro.

2. Materials and Methods

2.1. Cell Culture and Vector Construction of ORF7. A lung
adenocarcinoma cell line (A549) was purchased from the
Chinese Academy of Science (Shanghai, China), and cells
were cultured in Dulbecco’s modified Eagle medium
(DMEM; Hyclone, Logan, UT, USA) with 10% fetal bovine
serum (FBS; Corning, NY, USA) and 1% penicillin/strepto-
mycin in a humidified incubator with 5% CO2 at 37

°C. For
transfection, a lentiviral vector harboring FLAG-tagged
ORF7 of SARS-CoV-2 was constructed using a specific
SARS-CoV-2 strain (Wuhan-Hu-1 strain, NC_045512).
Transfection was performed, and ORF7-expressing A549
cell was obtained. Control cells were transfected with con-
trol vector.

2.2. Quantitative Real-Time Polymerase Chain Reaction
(qRT-PCR). RNA was extracted from cells using the TRIzol
reagent (TaKaRa, Dalian) and was then reverse transcribed
into cDNA using the PrimeScript RT Master Mix (TaKaRa,
Dalian). The expression of mRNAs (IL-1a, IL-1b, IFN-α,
IFN-β, IL-6, IL-8, CCL2, and TNF-α) was quantified using
qRT-PCR with the TB Green Master Mix (TaKaRa, Japan).
Expression was normalized to GAPDH, and relative expres-
sion was calculated using the 2−ΔΔCt method (primers are
listed in Table 1). qRT-PCR was performed with the Quant-

Studio™ Dx system (ABI, Thermo, USA) using the following
procedure: denaturation at 95°C for 5min, 40 cycles of 95°C
for 5 s and 60°C for 30 s, followed by a melting curve step of
95°C for 15 s and 60°C for 1min, and a final increase to 95°C.

2.3. Immunofluorescence. ORF7-expressing A549 cells were
cultured in 6-well plates with slides. After 24 h, when the
cells were adhered to coverslips, cells were fixed with 4%
paraformaldehyde for 15min and permeabilized with 0.5%
TritonX-100. After blocking for 30min at room temperature
using 3% BSA, the cells were incubated with a mouse anti-
FLAG antibody (Sigma, USA) at 4°C overnight and were
then stained with a fluorescein isothiocyanate- (FITC-) con-
jugated goat anti-mouse antibody (ProteinTech) at room
temperature for 1 h. The nuclei were stained with DAPI
(Abcam, ab104139), and the cellular distribution of ORF7
was observed using confocal microscopy.

2.4. Western Blot Analysis. Western blotting was conducted
as previously described [20]. Briefly, cells were lysed with
SDS sample buffer (1x), boiled for 10min, separated using
4–20% SDS-PAGE (GenScript, USA), and then transferred
onto a 0.22μm polyvinylidene difluoride (PVDF) membrane
(Millipore, USA). After blocking for 1 h at room temperature
with 3% BSA, the membranes were incubated with diluted
primary antibodies at 4°C overnight. The secondary antibod-
ies were added at room temperature for 2 h. Protein bands
were detected using the Clarity Western ECL Substrate
(Bio-Rad, USA).

2.5. Isolation of Human Neutrophils and Monocytes. Neutro-
phils were isolated from blood samples of healthy human

Table 1: Primers for real-time PCR.

Gene symbol Sequences

Human-3552-IL-1a-F TGGTAGTAGCAACCAACGGGA

Human-3552-IL-1a-R ACTTTGATTGAGGGCGTCATTC

Human-3553-IL-1b-F AGCTACGAATCTCCGACCAC

Human-3553-IL-1b-R CGTTATCCCATGTGTCGAAGAA

Human-3439-IFN-a-F GCCTCGCCCTTTGCTTTACT

Human-3439-IFN-a-R CTGTGGGTCTCAGGGAGATCA

Human-3456-IFN-b-F GCTTGGATTCCTACAAAGAAGCA

Human-3456-IFN-b-R ATAGATGGTCAATGCGGCGTC

Human-3569-IL-6-F ACTCACCTCTTCAGAACGAATTG

Human-3569-IL-6-R CCATCTTTGGAAGGTTCAGGTTG

Human-3576-IL-8-F TTTTGCCAAGGAGTGCTAAAGA

Human-3576-IL-8-R AACCCTCTGCACCCAGTTTTC

Human-7124-TNF-F CCTCTCTCTAATCAGCCCTCTG

Human-7124-TNF-R GAGGACCTGGGAGTAGATGAG

Human-6347-CCL2-F CAGCCAGATGCAATCAATGCC

Human-6347-CCL2-R TGGAATCCTGAACCCACTTCT

Human-6354-CCL7-F GACAAGAAAACCCAAACTCCAAAG

Human-6354-CCL7-R TCAAAACCCACCAAAATCCA

Human-3586-IL-10-F TCAAGGCGCATGTGAACTCC

Human-3586-IL-10-R GATGTCAAACTCACTCATGGCT
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donors using PolymorphPrep (Alere Technologies AS, Oslo,
Norway) as previously described [21, 22]. Briefly, 5mL of
blood was layered onto 5mL of PolymorphPrep and centri-
fuged for 35min (500 g) at room temperature. The neutro-
phil layer was transferred to a new tube, washed with PBS,
diluted by 50% with ddH2O, and then centrifuged for
10min (400 g), followed by red blood cell lysis in a lysis
buffer (Solarbio, China).

Peripheral blood mononuclear cells (PBMCs) were iso-
lated from blood samples of healthy donors using a Ficoll
density gradient [23]. Then, CD14 microbeads (Miltenyi
Biotec, Germany) were used for the positive selection of
human monocytes from these cells [24]. The purity of the
CD14+ cells was evaluated using an APC-conjugated anti-
human CD14 antibody (eBioscience, CatNo: 17-0149-42)
with flow cytometry. The Institutional Ethics Committee of
the First Affiliated Hospital of Zhejiang University approved
this study.

2.6. Transwell Assay. Transwell assays were conducted using
a 12mm Transwell with a 3.0μm pore polycarbonate mem-
brane insert (Corning, USA, CatNo: CLS3402) [25]. A549
cells that were transfected with lentiviruses were seeded in
the lower chamber and cultured for 24 h in DMEM contain-
ing 10% FBS. Human-derived monocytes and neutrophils in
serum-free DMEM were added to the upper chamber. After
incubation for 1 h, cells in the reverse side of the upper
chamber were fixed with 4% paraformaldehyde and then
stained in crystal violet for observation with a microscope.

Cells in the lower chamber were collected and counted by
flow cytometry, and counting beads were used for quantita-
tion of different samples [26].

2.7. Enzyme-Linked Immunosorbent Assay (ELISA). ORF7-
expressing A549 cells and control cells were plated into 6-
well plates. The supernatant was collected and used for mea-
surement of CCL2 (MultiSciences, CatNo: 70-EK187-96),
CCL7 (Cloud-Clone Corp., CatNo: SEA089Hu), and IL-6
(MultiSciences, CatNo: 70-EK206/3-96) using ELISA kits
according to each manufacturer’s instructions.

2.8. Statistical Analysis. The significance of differences was
determined using Student’s t-test with GraphPad Prism ver-
sion 7.0 (GraphPad Software, CA). A P value below 0.05 was
considered significant.

3. Results

3.1. Construction of ORF7-Expressing A549 Cells. ACE2
occurs on the surface of pneumocytes and binds to
SARS-CoV-2 during infections [27]. We therefore first
examined the expression of ACE2 in A549 cells, a type II
pneumocyte cell line [28]. The Western blotting and quanti-
tative PCR results confirmed that these cells expressed ACE2
(Figures 1(a) and 1(b)). We then used the sequence of a
SARS-CoV-2 isolate (Wuhan-Hu-1, NC_045512.2) to con-
struct a lentiviral vector that expressed a FLAG-tagged
ORF7 subgenomic sequence (Lenti-ORF7-FLAG) and
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Figure 1: Expression of ACE2 and distribution of ORF7 in A549 cells. (a) Expression of ACE2 in A549 cells (qRT-PCR). (b) Expression of
ACE2 in A549 cells (Western blotting). (c) FLAG-ORF7 expression in A549-ORF7 cells (Western blotting). (d) Cellular distribution of
ORF7 in A549-ORF7 cells (immunofluorescence microscopy).
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transfected A549 cells with Lenti-ORF7-FLAG to establish
an ORF7-expressing cells. We confirmed the expression
and the cellular distribution of ORF7 using Western blotting
and immunofluorescence. The results indicated expression of
ORF7 (Figure 1(c)) and that this protein was present in the
cytosol (Figure 1(d)). These data thus demonstrated the suc-
cessful establishment of ORF7-expressing A549 cells that
could be used for further studies of the function of ORF7.

3.2. ORF7 Alters the Expression of Cytokines and Chemokines
in A549 Cells. Innate immune cells, such as monocytes,
macrophages, and neutrophils, are the first cells to respond
when there is an infection in the lungs [29]. In particular,
infection of pneumocytes leads to massive infiltration of
monocytes into lung tissues [30], although there appears to
be limited infiltration of neutrophils during SARS-CoV-2
infection [31–33]. During the early stage of viral infection,
cytokines (IL-1, IL-2, IL-8, IL-10, CCL2, CCL7, IFN-α,
IFN-β, and TNF-α) have essential functions in the recruit-

ment of immune cells, defense against the infection, and
promotion of inflammation [34]. We therefore used qPCR
to determine the expression of cytokines and chemokines
in ORF7-expressing A549 cells compared to control cells
(Figure 2(a)). The results demonstrated that IL-6, CCL2,
and IFN-β had higher expression in A549-ORF7 cells (all
P < 0:01); IL-1α, IL-8, and TNF-α had lower expression in
A549-ORF7 cells (all P < 0:01); the two groups had no differ-
ences in the levels of IL-1-β and IFN-α (both P > 0:05); and
CCL7 and IL-10 were undetectable.

CCL-2 (MCP-1) and IL-8 (CXCL8) function in the che-
motaxis of monocytes and neutrophils, respectively [35, 36].
Sendai virus (SeV) and vesicular stomatitis virus (VSV)
infections stimulate intracellular innate immunity and can
be used to model RNA virus infections [37]. We therefore
used qPCR to measure CCL2 and IL-8 expression in A549-
ORF7 and control cells following infection by these viruses
(Figure 2(b)). The results indicated that A549-ORF7 cells
had greater expression of CCL2 and decreased expression
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Figure 2: Effect of ORF7 on the expression of cytokines and chemokines in A549 cells. (a) Relative to control cells, A549-ORF7 cells had
increased expression of IL-6, CCL2, and IFN-β (all P < 0:01), decreased expression of IL-1α, IL-8, and TNF-α (all P < 0:01), but similar
expression of IL-1β and IFN-α (both P > 0:05). CCL7 and IL-10 were undetectable (qRT-PCR). (b) Activation of innate immunity by
SeV/VSV infection increased the expression of CCL2 and decreased the expression of IL-8 in A549-ORF7 cells compared to control cells
(both P < 0:05; qRT-PCR). (c) A549-ORF7 cells had increased levels of CCL2 and decreased levels of IL-8 relative to control cells (both
P < 0:01; ELISA).
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of IL-8 compared to control cells (both P < 0:05). We also
used ELISA to measure the levels of IL-8 and CCL2 in the
supernatant of A549-ORF7 and control cells (Figure 2(c)).
These results confirmed that A549-ORF7 cells had increased
expression of CCL2 and decreased expression of IL-8 with or
without infection by SeV/VSV or the transduction of ago-
nist, LMW and HMW RNAs (both P < 0:01).

3.3. ORF7 Affects the Chemotaxis of Monocytes and
Neutrophils. We next examined the effects of ORF7 on the
chemotaxis of monocytes and neutrophils. Flow cytometry
provided identification of neutrophils as CD11b+ cells
(Figures 3(a) and 3(b)) and monocytes as CD14+ positive
cells (Figures 3(c) and 3(d)). Next, we implanted the A549-
ORF7 and control cells in the lower chambers of 12-well
plates, added monocytes and neutrophils in the upper cham-
ber, and recorded chemotaxis after 6 h (monocytes) and 3h
(neutrophils) [25, 38]. The results indicated that monocytes
had increased chemotaxis, and neutrophils had reduced che-
motaxis (Figures 3(g)–3(n)).

During these experiments, we found numerous trans-
membrane cells, monocytes, and neutrophils on the lower
wells with the A549-ORF7 cells. Thus, we used flow cytom-
etry for the cell counting. The results indicated that more
monocytes and fewer neutrophils migrated into the lower
chamber with A549-ORF7 cells than with control A549 cells
(all P < 0:01; Figures 3(e) and 3(f)). These results indicated
that ORF7 attracted monocytes and repelled neutrophils
in vitro.

4. Discussion

Previous postmortem examinations indicated that the lungs
of COVID-19 patients, particularly the immune microenvi-
ronment, had significant alterations. These changes included
alterations in T cells, B cells, macrophages, and neutrophils
[39, 40]. Lymphocytes, T cells, and B cells were less abun-

dant and scattered in the lungs of these patients [30, 32,
39, 41], but there was increased infiltration by monocytes,
macrophages, and neutrophils [42]. After infection of the
lungs, macrophages and neutrophils function as the first
defense of the innate immune system, and these cells phago-
cytize pathogens and produce cytokines and chemokines
that attract other immune cells [29]. The early recruitment
of immune cells determines the local immune response
and can even cause more widespread inflammation, such as
a cytokine storm. Our present work examined the influence
of ORF7 of SARS-CoV-2 on innate immunity. Our major
result is that expression of ORF7 in type II pneumocytes
(A549 cells) increased the level of CCL2, decreased the level
of IL-8, and increased the migration of primary monocytes
but decreased the migration of neutrophils in vitro.

The ORF7 gene is located in a region of the genomes of
the SARS-CoV-2, SARS-CoV-1, and MERS viruses that have
a high frequency of mutations [1]. Our results indicated that
ORF7 has a specific function in the immune response to
coronavirus infection. Monocytes produce IL-1, IL-6, IL-
18, IL-33, TNF-α, CCLs, and VEGF, and these molecules
have critical roles in cytokine release and recruitment of
other immune cells [43]. IL-6 and IL-1 are proinflammatory
cytokines and the predominant inducers of the cytokine
storm [43, 44]. Additionally, IL-6 can activate macrophages,
which produce more cytokines and chemokines [43]. Neu-
trophils are also produced early in response to infection,
and neutrophil chemotaxis in humans is usually mediated
by factors such as IL-8, IL-1, TNF-α, and complement C5a
[45]. Neutrophils, like macrophages, produce a range of
cytokines (TNF-α, ILs, GCSF, MCSF, and GMCSF) and che-
mokines (IL-8, CXCL10, CXCL9, CCL2, CCL3, and CCL4)
[43, 46]. Thus, neutrophils have direct antipathogen effects
(phagocytosis) and indirect antipathogen effects (stimula-
tion by cytokines). Macrophages and neutrophils thus play
critical roles during the acute phase of pneumonia following
viral infection.

(k) (l)

(m) (n)

Figure 3: Effect of ORF7 on chemotaxis of neutrophils and monocytes. (a–d) Neutrophils were identified as CD11b+ cells and monocytes as
CD14+ positive cells (flow cytometry). (g–n) Chemotaxis of monocytes and neutrophils (upper chamber) in response to A549-ORF cells
(lower chamber) was examined by staining (Transwell assay). (e, f) Quantitation of chemotaxis results showing increased monocyte
chemotaxis and decreased neutrophil chemotaxis (both P < 0:01).
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Patients with COVID-19 have greater levels of periph-
eral monocytes than healthy controls [47, 48]. Recent evi-
dence showed massive macrophage infiltration of the lungs
of deceased COVID-19 patients, including intra-alveolar
CD68+ macrophages [30, 31, 49]. The monocytes in these
tissues (macrophages) may be at a stage of active prolifera-
tion in the lung alveolar spaces of these patients [50].

Previous research reported that the blood neutrophil
count of SARS patients was associated with the severity of
their pneumonia [51]. In contrast, other studies reported
that the blood neutrophil count of COVID-19 patients was
inversely associated with disease severity [47, 52, 53].
Although virus infections, such as influenza, induce neutro-
phil infiltration in the respiratory tract, the status of neutro-
phils in the lungs of COVID-19 patients appears paradoxical
[30–33, 54, 55]. Several autopsy reports found no neutrophil
infiltration in the lungs of COVID-19 patients, but there was
neutrophil infiltration of the liver [31]. Some reports that
found minor infiltrations of neutrophils in the lungs attrib-
uted this to secondary infections [33]. A report of 4 patients
with COVID-19 found that only 1 patient had neutrophil
infiltration of the lungs [55]. Another report of two cases
found neutrophil infiltration in 1 patient’s pulmonary inter-
stitium [30]. Other studies reported the presence of mega-
karyocytes, dendritic cells, and natural killer cells in the
lungs of deceased COVID-19 patients [33, 40].

The present in vitro study found that overexpression of
the SARS-CoV-2 ORF7 in cultured type II alveolar cells
(A549) upregulated the expression of CCL2, a chemokine
that functions in monocyte chemotaxis. This suggests that
ORF7 may accelerate the progression of local inflammation
after viral infection. Our in vitro studies also found that
ORF7 downregulated the expression of IL-8. This suggests
that ORF7 may block the migration of neutrophils. Greater
neutrophil infiltration of the lungs could exacerbate the
cytokine storm and worsen the patient’s condition due to
lymphopenia [56].

There is evidence that a specific variant of SARS-CoV-2
which has mutation N501Y in the S protein and was first
reported in London [57] is now widespread. Because this
mutation is in the receptor-binding domain of the S protein,
this variant likely has altered binding capacity to its ACE2
receptor. Even though this mutation was in the S protein,
recent research reported the efficacy of neutralizing antibod-
ies in mice [58]. It is important to consider that the mutation
frequency of RNA viruses, such as coronaviruses and influ-
enza viruses, is higher than that of DNA viruses.

Our study indicated that ORF7 of SARS-CoV-2 had spe-
cific effects on the immunological changes. ORF7 may
therefore contribute to the unique immunological profile
of the lung tissues of patients with COVID-19, although
the functions of other ORFs should also be examined.
ORF7 can be the target for the development of anti-
COVID-19 drugs in the future. The inflammation environ-
ment in the lung is one of the major risks for severe
COVID-19 patients. In addition, ORF7 and other genes,
including the structure and nonstructure proteins, combina-
torially involve in the inflammatory environment in the lung
after the infection.

However, there are limitations to our work. Many other
physical and pathological factors impact the inflammation
status of the lungs of patients with SARS-CoV-2 infections.
For example, the genomic RNA sensor system triggers the
innate immune reaction, stimulates the translation of other
proteins from the genome or subgenome of the virus, and
may thereby increase lung injury. Consequently, appropri-
ated animal models can be employed for the determination
of ORF7 in vivo in the future. Additionally, the effect of
ORF7 on the microenvironment of the lung should not be
considered alone. Instead, there should be a systematic
examination of the impact of all factors and their interac-
tions on lung inflammation.
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Purpose. This study was aimed at investigating the association between baseline plasma homocysteine (Hcy) concentrations and
the risk of the first ischemic stroke (IS) and at investigating any possible influential modifying factors in hypertensive patients with
obstructive sleep apnea (OSA). Methods. Cox proportional hazards regression was employed to investigate the relationship
between plasma Hcy concentration and the first IS. A generalized additive model was applied to determine the nonlinear
relationship. In addition, we conducted subgroup analysis. Results. A total of 2350 hypertensive patients with OSA without a
history of IS were enrolled in this study. At a median follow-up of 7.15 years, we identified 93 cases of the first IS. After
adjusting for potential confounding, the findings revealed that plasma Hcy concentration was strongly and positively associated
with the occurrence of the first IS (per SD increment; HR = 1:37, 95% CI: 1.30-1.44). A nonlinear relationship was found
between plasma Hcy concentration and the risk of developing the first IS with inflection points for plasma Hcy of 5 μmol/L. In
stratified analysis, a greater positive correlation was found between baseline plasma Hcy concentrations and new-onset IS in
patients with DBP ≥ 90mmHg (per SD increment; HR = 1:48, 95% CI: 1.33-1.65 vs.<90mmHg: HR = 1:20, 95% CI: 1.02-1.42;
P‐interaction = 0:04) and BMI ≥ 24 and <28 kg/m2 (per SD increment; HR = 1:46, 95% CI: 1.26-1.70 vs.<24 kg/m2: HR = 1:13,
95% CI: 0.95-1.33 vs.≥28 kg/m2: HR = 1:46, 95% CI: 1.25-1.70; P‐interaction = 0:03). Conclusion. Elevated plasma Hcy
concentrations are independently associated with the risk of the first IS in hypertensive patients with OSA. Plasma Hcy
concentrations ≥ 5 μmol/L surely increased the risk of the first IS in hypertensive patients with OSA.

1. Introduction

Stroke is the leading cause of disability worldwide and the
second leading cause of death after ischemic heart disease
[1–3]. More importantly, according to China’s National Dis-
ease Surveillance Point System, there were an estimated 2.4
million new-onset strokes and 1.1 million stroke-related
deaths per year [4]. Researches have demonstrated that
ischemic stroke (IS) is the most prevalent stroke subtype in

China, accounting for about 70-86% of all strokes [2, 5].
Therefore, early identification and management of associ-
ated risk factors are critical measures to prevent and treat
the first IS [6, 7].

Obstructive sleep apnea (OSA) is a widespread sleep dis-
turbance [8, 9]. The high prevalence of OSA in hypertensive
patients is well demonstrated, and OSA is especially preva-
lent in patients with intractable hypertension [10–12].
Hypertension and OSA often cooccur, which may contribute
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to a significantly enhanced risk of cardiovascular disease in
hypertensive patients with OSA [13]. OSA is associated
independently with carotid intima-media thickness in
hypertensive patients [14]. OSA was additionally associated
with an increased risk of new-onset ventricular fibrillation,
and a significant dose-response correlation was identified
between the severity of OSA and the degree of risk of devel-
oping ventricular fibrillation [15]. A meta-analysis of retro-
spective researches revealed that hypertensive patients with
comorbid moderate to severe OSA had significantly
increased mortality from cardiovascular disease compared
with those without comorbid OSA [16, 17]. A few reports
have indicated that people with hypertension combined with
OSA have a two-fold elevated risk of developing IS com-
pared to people without OSA [16–18].

Although previous investigations have reported a signif-
icant association between hyperhomocysteinemia (HHcy)
caused by disorders of homocysteine (Hcy) metabolism
and the first IS, the relationship between the degree of Hcy
metabolism disorder and the first IS remains controversial
[19]. In general, the normal reference range for plasma
Hcy concentrations is 5 to 10μmol/L. Thus, the definition
of HHcy is disputable and is commonly defined as plasma
Hcy concentrations ≥ 10μmol/L, but also as Hcy ≥ 15 μmol
/L [20–23]. Current guidelines suggest plasma Hcy concen-
tration control goals only in people with pure hypertension
to prevent IS events [24]. However, available data from
cohort investigations on the correlation between baseline
plasma Hcy concentrations and incident first IS are limited
and inconclusive, especially in hypertensive patients with
OSA. It is worth noting that previous investigations have
rarely thoroughly examined the potential moderators of
the relationship between baseline plasma Hcy concentra-
tions and incident first IS risk.

Therefore, we intended to evaluate the association
between baseline plasma Hcy concentrations and the first
IS and to investigate the appropriate plasma Hcy concentra-
tion target to reduce the incidence of the first IS in hyperten-
sive patients with OSA.

2. Materials and Methods

2.1. Study Design. This retrospective cohort study included
consecutive hypertensive patients with suspected OSA hos-
pitalized at the Hypertension Center of People’s Hospital
of Xinjiang Uygur Autonomous Region from January 2011
to December 2013. The study protocol was authorized by
the Medical Ethics Committee of the People’s Hospital of
Xinjiang Uygur Autonomous Region (no. 2019030662) and
was conducted in adherence to the approved guidelines.
Because of the retrospective nature of the study, patient con-
sent and/or informed consent was not required.

A total of 2585 patients aged ≥18 years with hyperten-
sion combined with OSA determined by polysomnography
(PSG) were enrolled in this study. Exclusion criteria for this
study were age younger than 18 years (n = 11), severe sys-
temic disease (n = 25) (i.e., severe pulmonary disease, malig-
nancy, severe liver disease, or severe chronic kidney disease
or other major diseases that affect long-term survival), cen-

tral sleep apnea (n = 12), pregnancy (n = 6), lacking a fasting
blood sample and physical examination at baseline (n = 61),
a history of stroke at baseline (n = 24), and loss to follow-up
(n = 96). Ultimately, 2350 study participants were eligible for
inclusion in the statistical analysis.

2.2. Baseline Examination. All participants finished the base-
line examination between January 2011 and December 2013.
Data on demographic features, lifestyle, personal disease
records, history of regular CPAP treatment, and medication
history were collected from all candidates through
interviews.

Weight, height, neck circumference (NC), and waist cir-
cumference (WC) were measured three times, and the mean
of the three times measurements was used for analysis. Sys-
tolic blood pressure (SBP) and diastolic blood pressure
(DBP) were monitored using an electronic sphygmoma-
nometer (HEM-1000, Omron, Kyoto, Japan). All partici-
pants underwent PSG examination throughout the night.
All participants were instructed to refrain from coffee, alco-
hol, and sedative-hypnotics before the sleep study. Interpre-
tation of PSG results was done by a professional
polysomnography technician, and all steps were consistent
with previous studies [25, 26]. Venous blood samples were
retrieved from the antecubital vein in the early morning after
12 hours of fasting. Fasting plasma glucose (FPG), high-
density lipoprotein (HDL-c), total cholesterol (TC), low-
density lipoprotein (LDL-c), triglycerides (TG), creatinine
(Cr), and high-sensitivity C-reactive protein (hs-CRP) levels
were measured. Plasma Hcy concentrations were measured
by a fluorescence polarization immunoassay on an auto-
mated immunoassay analyzer. The estimated glomerular fil-
tration rate (eGFR) was calculated by using a formula
derived from the CKD-EPI [27].

2.3. Definitions. The apnea hypopnea index (AHI) was
defined as the sum of apnea and hypopnea events per hour
of sleep on average. A diagnosis of OSA was determined as
a minimum of 5 events per hour of AHI, with 5 to 14.9
events per hour recognized as mild OSA, 15 to 29.9 events
per hour as moderate OSA, and 30 or more events per hour
as severe OSA. Hypertension was defined as SBP ≥ 140
mmHg and/or DBP ≥ 90mmHg and/or previously diag-
nosed hypertension and/or use of antihypertensive therapy
within the past two weeks. Patients with diabetes were
defined as those previously diagnosed with diabetes or newly
diagnosed with diabetes (fasting glucose ≥ 7:0mmol/L on 3
occasions during hospitalization, HbA1c > 6:5% at baseline),
according to current guidelines. According to the frequency
of drinking and smoking, we categorized them as never, for-
mer, and current.

2.4. Clinical Outcomes and Follow-Up. Endpoints were
acquired through personal interview, records from medical
insurance, and hospital discharge summaries. According to
former investigations, the principal endpoint was to be
determined as the first IS, including cerebral infarction and
transient ischemic attack [28, 29]. The diagnosis of IS was
on the basis of a contract vascular computed tomography
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(CT) scan or cranial CT scan, cerebrovascular angiography,
or magnetic resonance imaging of the brain. The period of
follow-up started at the first visit and ended on December
31, 2020.

2.5. Statistical Analysis. Differences between baseline charac-
teristics of the different plasma Hcy groups were analyzed by
one-way ANOVA, Kruskal-Wallis H, and χ2 tests. Multivar-
iate Cox proportional hazard regression was performed to
evaluate the association between baseline plasma Hcy con-
centration and the risk of the first IS by estimating hazard
ratios (HR) and 95% confidence intervals (CI). Adjustment
for variables in this study showed varying degrees of adjust-
ment results according to the statement of STROBE [30].
Adjust model I was adjusted for age and gender at baseline;
adjusted model II was further adjusted for smoking status,
drinking status, NC, BMI, and WC at baseline; adjusted
model III was further adjusted for history of arrhythmia,
diabetes, coronary heart disease, SBP, DBP, AHI, AI, HI,
sleep duration, mean SaO2 and lowest SaO2, antidiabetic
drugs, lipid-lowering drugs, antiplatelet drugs, regular CPAP
treatment, antihypertensive drugs, and TC, TG, HDL-c,
LDL-c, FPG, eGFR, Cr, and hs-CRP levels at baseline. More-
over, we calculated the cumulative IS incidence function of
events over time using the Kaplan-Meier method. Further,
we simulated the dose-response correlation between plasma
Hcy concentration and IS risk using a generalized additive
model, fitted the model with a recursive algorithm using
maximum likelihood, and calculated the inflection points
for the nonlinear correlation [31]. Considering that associa-
tion between plasma Hcy concentrations and IS may differ
in some populations, we performed exploratory stratified
analysis by using a Cox proportional hazards model for
some subgroups and used likelihood ratio tests to check for
hierarchical differences to determine if there was an interac-
tion. Finally, to estimate the reasonableness of the deviations
caused by unmeasured and residual confounding factors, we
also calculated the E-value of our main research results. The
E-value estimates the strength of the unmeasured confound-
ing variable needed to invalidate the observed association
between our exposure and the result, taking into account
all the measured covariables.

All statistical analyses were conducted using R version
4.0.1 software.

3. Results

3.1. Demographic Characteristics. In this cohort study, a total
of 2350 participants, including 1611 males and 739 females,
were evaluated. Participant screening details are shown in
Figure 1. Table 1 shows the baseline characteristics of the
participants grouped by plasma Hcy concentration tertile.
Overall, the mean age of the 2350 participants was 49:45 ±
10:65 years, and 68.55% were male.

3.2. Follow-Up Results. During follow-up, 93 (3.96%) of the
hypertensive patients with OSA in the study were diagnosed
with IS. Of these, the incidence of IS corresponding to the
plasma Hcy concentrations tertile grouping was 1.92% for
T1, 4.99% for T2, and 4.71% for T3. Figure 2 illustrates the
significant difference in IS risk between plasma Hcy concen-
tration tertile groups (log-rank test, P = 0:0022). The cumu-
lative risk of IS gradually increased with increasing plasma
Hcy concentrations.

3.3. Association between Plasma Hcy Concentrations and the
First IS in Hypertensive Patients with OSA. The association
between plasma Hcy concentrations and the first IS is sum-
marized in Table 2. We found that high plasma Hcy concen-
trations, expressed as a continuous variable and a categorical
variable, were significantly and positively associated with the
first IS. When plasma Hcy concentrations were expressed as
a continuous variable, plasma Hcy concentrations were sig-
nificantly associated with first IS in the crude model (per
SD increment; HR = 1:37, 95% CI: 1.30-1.44, P < 0:01; E‐
value = 2:08). In adjust model I, plasma Hcy concentrations
were still an independent risk factor for the first IS (per SD
increment; HR = 1:35, 95% CI: 1.27-1.42, P < 0:01; E‐value
= 2:03). In adjust model II, plasma Hcy concentrations were
still an independent risk factor for the first IS (per SD incre-
ment; HR = 1:34, 95% CI: 1.26-1.43, P < 0:01; E‐value = 2:01
), as well as the fully adjusted model (adjust model III),
where plasma Hcy concentrations (per SD increment; HR
= 1:32, 95% CI: 1.24-1.38, P < 0:01; E‐value = 1:97) were

2585 hypertensive patient with OSA

A total of 2350 participants were successfully
followed and included in this study

235 participants were excluded:
Age < 18 years at baseline (n = 11)
Severe systemic disease at baseline (n = 25)
Central sleep apnea at baseline (n = 12)
Pregnancy at baseline (n = 6)
Lacking a fasting blood sample and
physical examination at baseline (n = 61)
History of stroke (n = 24)
Lost to follow-up (n = 96)

Figure 1: Flowchart.
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Table 1: Participants sorted by tertiles of Hcy.

Variable
Hcy tertiles (mmol/L)

P value
Tertile 1 (<11.6) Tertile 2 (11.6–18.2) Tertile 3 (>18.2)

No. of participants 783 782 785

Age (years) 48:87 ± 9:94 50:36 ± 10:59 49:15 ± 11:29 0.01

BMI (kg/m2) 28:46 ± 3:78 28:43 ± 3:89 28:46 ± 3:79 0.98

NC (cm) 40:04 ± 3:89 40:38 ± 3:93 40:76 ± 3:60 <0.01
WC (cm) 100:66 ± 10:06 101:24 ± 10:74 101:11 ± 10:30 0.51

SBP (mmHg) 138:52 ± 18:66 139:65 ± 18:89 142:19 ± 21:28 <0.01
DBP (mmHg) 91:10 ± 13:93 91:04 ± 13:08 93:63 ± 15:30 <0.01
Gender (n (%)) <0.01

Female 293 (37.42%) 264 (33.76%) 179 (22.80%)

Male 490 (62.58%) 518 (66.24%) 606 (77.20%)

Smoking status (n (%)) <0.01
Never 484 (61.81%) 463 (59.21%) 393 (50.06%)

Former 72 (9.20%) 80 (10.23%) 97 (12.36%)

Current 227 (28.99%) 239 (30.56%) 295 (37.58%)

Drinking status (n (%)) 0.10

Never 528 (67.43%) 527 (67.90%) 502 (63.95%)

Former 39 (4.98%) 54 (6.91%) 63 (8.03%)

Current 216 (27.59%) 197 (25.19%) 220 (28.03%)

History of disease

Arrhythmia (n (%)) 109 (13.92%) 178 (22.76%) 153 (19.49%) <0.01
Diabetes (n (%)) 151 (19.28%) 150 (18.77%) 115 (14.65%) 0.06

Laboratory examinations

TC (mmol/L) 4:61 ± 1:31 4:47 ± 0:95 4:59 ± 1:34 0.06

TG (mmol/L) 1.77 (1.28-2.47) 1.73 (1.22-2.48) 1.76 (1.25-2.54) 0.25

HDL-c (mmol/L) 1:11 ± 0:29 1:11 ± 0:31 1:09 ± 0:28 0.32

LDL-c (mmol/L) 2:61 ± 0:81 2:72 ± 0:80 2:63 ± 0:81 0.02

hs-CRP (mg/L) 2.21 (0.90-4.07) 2.01 (0.96-4.19) 2.12 (0.99-3.83) 0.85

FPG (mmol/L) 5:30 ± 1:35 5:33 ± 1:59 5:21 ± 1:48 0.26

Hcy (μmol/L) 7:70 ± 3:32 14:70 ± 1:87 29:22 ± 10:15 <0.01
eGFR (mL/min/1.73m2) 99:26 ± 21:08 95:75 ± 20:50 93:39 ± 22:11 <0.01
Cr (μmol/L) 73:60 ± 24:55 76:21 ± 20:98 81:62 ± 25:22 <0.01

Polysomnography examinations

AHI (events/hour) 17.40 (10.00-33.80) 19.40 (10.40-34.95) 18.50 (10.50-32.80) 0.52

AI (events/hour) 2.50 (0.40-9.80) 3.20 (0.50-12.28) 3.10 (0.60-11.30) 0.79

HI (events/hour) 12.40 (7.20-21.40) 12.85 (7.30-21.17) 12.10 (7.20-19.20) 0.10

Sleep duration (minutes) 368:17 ± 73:55 366:11 ± 73:24 367:05 ± 72:27 0.86

Mean SaO2 (%) 90:83 ± 9:62 91:35 ± 6:86 91:16 ± 8:01 0.46

Lowest SaO2 (%) 76:54 ± 12:32 77:12 ± 10:00 77:51 ± 11:04 0.23

Medication use

Antidiabetic drugs (n (%)) 133 (16.99%) 79 (10.10%) 102 (12.99%) <0.01
Lipid-lowering drugs (n (%)) 417 (53.26%) 536 (68.54%) 605 (77.07%) <0.01
Antihypertensive drugs (n (%)) 713 (91.06%) 737 (94.25%) 766 (97.58%) <0.01
Antiplatelet drugs (n (%)) 541 (69.09%) 620 (79.28%) 508 (64.71%) <0.01
Regular CPAP treatment (n (%)) 22 (3.07%) 41 (6.27%) 34 (2.04%) <0.01
Follow-up duration (days) 2627.00 (2313.00-2995.00) 2655.00 (2287.50-2984.75) 2563.00 (2265.00-2973.00) 0.26

Incident ischemic stroke (n (%)) <0.01
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positively associated with the first occurrence of IS (Table 2).
In the sensitivity analysis, all E-values were more than one,
indicating that the current association tends to be stable
and that our main findings are unlikely to be offset by
unmeasured confounding variables. Moreover, when plasma
Hcy concentrations were divided into different categories,
there were obvious changes in effect sizes. The risk of the
first IS increased over time by baseline plasma Hcy concen-
tration tertiles and was still significant despite adjustment
for potential confounders, and the fully adjusted HRs
(adjusted model III) were 2.13 (95% CI: 1.74-2.59) and
1.76 (95% CI: 1.43-2.17) for tertiles 2 and 3, respectively,
versus tertile 1 of the baseline plasma Hcy concentrations.

3.4. Threshold Effect Analysis of Plasma Hcy Concentrations
on Incident First IS. After adjusting for potential con-
founders, a nonlinear relationship was observed between
plasma Hcy concentration and the first IS (Figure 3). The
inflection point, determined by the two-piecewise recursive
algorithm and linear regression, was 5μmol/L. The P value

of the log-likelihood ratio test was less than 0.01, indicating
that the two-piecewise linear regression was more appropri-
ate for fitting the relationship between plasma Hcy concen-
trations and the risk of the first IS. On the right of the
inflection point (plasma Hcy concentrations ≥ 5 μmol/L),
we observed a positive association between plasma Hcy con-
centrations and the occurrence of the first IS (HR = 1:35,
95% CI: 1.08-1.69, P < 0:01). On the left side of the inflection
point (plasma Hcy concentrations < 5 μmol/L), however,
their relationship saturated (HR = 1:02, 95% CI: 0.97-1.07,
P = 0:28) (Table 3).

3.5. Stratified Analyses. To better identify plasma Hcy con-
centrations and other possible influences on the risk of the
first IS, we performed stratified analyses and interaction tests
in prespecified subgroups. In stratified analyses, a greater
positive correlation between baseline plasma Hcy concentra-
tions and new-onset IS was observed for participants with
DBP ≥ 90mmHg (per SD increment; HR = 1:48, 95% CI:
1.33-1.65 vs. <90mmHg: HR = 1:20, 95% CI: 1.02-1.42, P‐

Table 1: Continued.

Variable
Hcy tertiles (mmol/L)

P value
Tertile 1 (<11.6) Tertile 2 (11.6–18.2) Tertile 3 (>18.2)

No 768 (98.08%) 743 (95.01%) 748 (95.29%)

Yes 15 (1.92%) 39 (4.99%) 37 (4.71%)

Data are n (%), mean ± SD, or median (interquartile range). BMI: body mass index; NC: neck circumference; WC: waist circumference; SBP: systolic blood
pressure; DBP: diastolic blood pressure; TC: total cholesterol; TG: triglyceride; HDL-c: high-density lipoprotein cholesterol; LDL-c: low-density lipoprotein
cholesterol; hs-CRP: high-sensitivity C-reactive protein; FPG: fasting plasma glucose; Hcy: homocysteine; eGFR: estimated glomerular filtration rate; Cr:
creatinine; AHI: apnea hypopnea index; AI: apnea index; HI: hypopnea index; mean SaO2: mean oxygen saturation; lowest SaO2: lowest oxygen saturation;
CPAP: continuous positive airway pressure.

Logrank P = 0.0022

0.00

0.02

0.04

0.06

0.08

0.10

0.12

Hcy tertiles
T1
T2
T3

Cu
m

ul
at

iv
e i

nc
id

en
ce

0 1000 2000 3000

Follow-up duration (days)

Figure 2: Kaplan-Meier curves of incidence of ischemic stroke according to tertiles of baseline plasma Hcy concentrations.
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interaction = 0:04) and BMI ≥ 24 and <28 kg/m2 (per SD
increment; HR = 1:46, 95% CI: 1.26-1.70 vs. <24 kg/m2: HR
= 1:13, 95% CI: 0.95-1.33 vs. ≥28 kg/m2: HR = 1:46, 95%
CI: 1.25-1.70, P‐interaction = 0:03) (Table 4). However,
other variables, including gender (female vs. male), diabetes
(no vs. yes), smoking status (never vs. ever vs. current),
arrhythmia (no vs. yes), drinking status (never vs. ever vs.
current), age (<60 vs. ≥60 years), FPG (<6.1 vs.
≥6.1mmol/L), SBP (<140 vs. ≥140mmHg), AHI (≥5 and
<15 vs. ≥15 and <30 vs. ≥30 events/hour), and eGFR (<90
vs. ≥90mL/min/1.73m2) at baseline, did not dramatically

modify the relationship between plasma Hcy concentrations
and the first IS (all P‐interactions > 0:05) (Table 4).

4. Discussion

In China, IS is the most prevalent type of cerebrovascular
event. Therefore, the prevention of IS is an important and
urgent public health issue [6, 7, 32]. Since the discovery of
the association of Hcy with the pathogenesis of atherosclero-
sis, Hcy-lowering therapies have attracted considerable
attention among the various prevention strategies for IS
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Figure 3: A piecewise linear regression model was used to detect the association of plasma Hcy concentrations and the first IS according to
the plasma Hcy concentration cut points. All were adjusted for age, gender, smoking status, drinking status, NC, WC, BMI, SBP, DBP,
history of arrhythmia, diabetes, AHI, AI, HI, sleep duration, mean SaO2 and lowest SaO2, antidiabetic drugs, antiplatelet drugs, lipid-
lowering drugs, regular CPAP treatment, antihypertensive drugs, and TC, TG, HDL-c, LDL-c, FPG, eGFR, Cr, and hs-CRP levels at baseline.

Table 2: Association between Hcy and incident of the first IS in different models.

Exposure
Crude model (HR to 95%

CI to P)
Adjust model I (HR to 95%

CI to P)
Adjust model II (HR to 95%

CI to P)
Adjust model III (HR to 95%

CI to P)

Continuous

Hcy (per SD
increment)

1.37 (1.30 to 1.44) <0.01 1.35 (1.27 to 1.42) <0.01 1.34 (1.26 to 1.43) <0.01 1.32 (1.24 to 1.38) <0.01

Categorical

Hcy tertiles
(μmol/L)

Tertile 1
(<11.6) Reference Reference Reference Reference

Tertile 2
(11.6–18.2)

2.91 (2.42 to 3.49) <0.01 2.67 (2.22 to 3.20) <0.01 2.33 (1.94 to 2.72) <0.01 2.13 (1.74 to 2.59) <0.01

Tertile 3
(>18.2) 2.75 (2.29 to 3.31) <0.01 2.23 (1.85 to 2.70) <0.01 1.96 (1.73 to 2.19) <0.01 1.76 (1.43 to 2.17) <0.01

Crude model: adjusted for none. Adjust model I: adjusted for age and gender at baseline. Adjust model II: adjusted for variables in adjusted model I plus
smoking status, drinking status, NC, WC, and BMI at baseline. Adjust model III: fully adjusted model. Adjusted for variables in adjusted model II plus
SBP, DBP, history of arrhythmia and diabetes, AHI, AI, HI, sleep duration, mean SaO2 and lowest SaO2, antidiabetic drugs, antiplatelet drugs, lipid-
lowering drugs, regular CPAP treatment, antihypertensive drugs, and TC, TG, HDL-c, LDL-c, FPG, eGFR, Cr, and hs-CRP levels at baseline.
Abbreviations are the same as in Table 1.
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[33, 34]. In addition, a compelling and developing body of
epidemiological evidence demonstrates a significant correla-
tion between increased Hcy concentrations and enhanced
risk of IS [35, 36]. However, the relationship between Hcy
and IS is inconclusive. Iso et al. conducted a prospective,
nested case-control study of 11846 Japanese subjects aged
40 to 85 years. Their findings showed odds ratios (95% CI)
of 3.89 (1.60 to 9.46) for the highest (≥11.0μmol/L) versus
the lowest quartile (<7.0μmol/L) of Hcy for IS after adjust-
ing for cardiovascular risk factors. The respective odds ratio
associated with a 5μmol/L increase in Hcy was 1.52 (1.07 to
2.14) [37]. Sacco et al. followed a population-based cohort
for vascular events. Their findings suggest that Hcy eleva-
tions above 15μmol/L are an independent risk factor for
IS, whereas mild tHcy elevations of 10 to 15μmol/L are
not predictive. Hcy has the greatest vascular impact in
Whites and Hispanics and less in Blacks [38]. However,
the Caerphilly study conducted by Fallon et al. yielded the
opposite results to the above study. A total of 2254 male par-
ticipants aged 50 to 64 years were included in the Caerphilly
study, and after a mean follow-up of 10.2 years, a total of 107
participants experienced IS. However, after adjusting for
confounding, no significant association was found between
Hcy and IS [39].

In the current study, we found a meaningful relationship
between plasma Hcy concentrations and the incidence of the
first IS in hypertensive patients with OSA. Similar results
have been reported in several previous studies in patients
with simple hypertension or healthy populations, but these
studies did not identify a nonlinear association [38, 40, 41].
We found a threshold saturation effect association between
plasma Hcy concentrations and the first IS even after remov-
ing adjusted covariates from the model. This is the first study
to explore the nonlinear association between plasma Hcy
concentration and the first IS, calculated for plasma Hcy
concentrations at the inflection points of 5 and 15μmol/L.
Notably, this association between plasma Hcy concentra-
tions and the first IS has opposite effects in the middle of
the two inflection points versus the left and right sides.
Plasma Hcy concentrations were positively associated with
the risk of the first IS when plasma Hcy concentrations were
between 5 and 15μmol/L. This suggests that the risk of the
first IS in hypertensive patients with OSA increases rapidly
when plasma Hcy concentrations are between 5 and
15μmol/L. In contrast, there was no significant association
between plasma Hcy concentrations and the risk of the first
IS when plasma Hcy concentrations were <5μmol/L or
>15μmol/L. However, the mechanism behind the threshold
saturation effect association between plasma Hcy concentra-
tions and the first IS and the inflection point is not clear. To
better understand the association between plasma Hcy con-
centrations and the risk of the first IS, we included signifi-
cant variables in univariate analysis and noncollinear
variables in the multivariate analysis. After adjustment for
covariates, participants in the highest tertile of plasma Hcy
concentrations had a 1.76-fold greater risk of the first IS
compared with those in the lowest tertile.

Subgroup analysis and exploration of interactions are
essential for clinical research to better understand plasma

Hcy concentrations and the risk of the first IS in different
populations. In this study, these factors, including gender,
diabetes, coronary heart disease, arrhythmia, smoking status,
drinking status, age, BMI, FPG, SBP, DBP, AHI, and eGFR,
and stronger correlations were identified in participants with
BMI ≥ 24 kg/m2 and DBP ≥ 90mmHg. In China, the preva-
lence of obesity in hypertensive patients with OSA is high
[42]. A meta-analysis identified a 40% increase in IS mortal-
ity for every 5 kg/m2 increase in BMI among those with a
BMI between 25 and 50 kg/m2. However, there was no asso-
ciation between BMI and IS mortality in those with a BMI of
15-24 kg/m2 [43]. The exact biological mechanism of the
interaction between high BMI and high Hcy is unclear. In
available studies, a reasonable biological interpretation of
this interaction may be due to the fact that elevated Hcy
and obesity may share several cellular and molecular mech-
anisms (e.g., impaired mitochondrial function and the onset
of oxidative stress) that are responsible for the development
of stroke [44, 45]. In addition, we found that baseline DBP
(≥90mmHg vs. <90mmHg) significantly altered the effect
of Hcy on the risk of the first IS. Zheng et al. [46] found that
in Chinese patients with uncontrolled hypertension, the
prevalence of IS increased with increasing DBP, suggesting
that DBP has an important contribution to the incidence
of IS in hypertensive patients. This suggests that DBP serves
an essential role in the incidence of IS in hypertensive
patients. DBP is traditionally thought to reflect structural
changes in small arteries or thinning of microvessels. Thus,
elevated DBP may reflect dysfunction of peripheral micro-
vessels, whereas elevated Hcy reflects damage to large- and
medium-sized arteries; thus, elevated levels of Hcy and
DBP may reflect damage to peripheral vessels and large-
and medium-sized arteries, which helps explain the apparent
concerted impact of DBP and Hcy on the risk of the first IS
[47, 48]. The optimal blood pressure level for controlling
Hcy on the risk of the first IS should be explored in future
studies.

Table 3: A piecewise linear regression model was applied to detect
the association of Hcy and IS according to the Hcy cut points.

Outcome: incident of ischemic stroke HR (95% CI)
P

value

Linear regression
1.13 (1.02 to

1.24)
<0.01

Two-piecewise linear regression
model

Hcy < 5μmol/L 1.02 (0.97 to
1.07)

0.28

Hcy ≥ 5μmol/L 1.35 (1.08 to
1.69)

<0.01

P for the log-likelihood ratio test <0.01
Notes: adjusted for age, gender, smoking status, drinking status, NC, WC,
BMI, SBP, DBP, history of arrhythmia, diabetes, AHI, AI, HI, sleep
duration, mean SaO2 and lowest SaO2, antidiabetic drugs, antiplatelet
drugs, lipid-lowering drugs, regular CPAP treatment, antihypertensive
drugs, and TC, TG, HDL-c, LDL-c, FPG, eGFR, Cr, and hs-CRP levels at
baseline. Abbreviations are the same as in Table 1.
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Our findings may have important implications for
public health concerns [19, 49]. In hypertensive patients
with OSA, increased Hcy levels are probably a changeable
risk factor for IS. Lowering Hcy levels may reduce the risk
of stroke in hypertensive patients with OSA, and the prog-

nostic effect of Hcy levels has important clinical implica-
tions. However, the relationship between slightly
increased Hcy levels and the risk of IS is disputable [38].
Our study revealed a nonlinear dose-response relationship
between Hcy levels and the first IS in hypertensive patients

Table 4: Association between Hcy and the first IS in various subgroups.

Stratification variable No. of participants. HR (95% CI) 95% CI low 95% CI high P value P for interaction

Gender 0.63

Female 744 1.20 0.65 2.22 0.56

Male 1606 1.40 1.13 1.74 <0.01
Diabetes 0.51

No 1937 1.39 1.12 1.73 <0.01
Yes 413 1.16 0.70 1.92 0.57

Arrhythmia 0.18

No 2306 1.24 1.05 1.46 0.01

Yes 440 1.41 1.27 1.57 <0.01
Smoking status 0.63

Never 1342 1.33 0.94 1.88 0.10

Former 258 1.78 1.04 3.05 0.04

Current 750 1.34 0.99 1.80 0.05

Drinking status 0.65

Never 1557 1.43 1.12 1.82 <0.01
Former 166 1.24 0.63 2.46 0.54

Current 627 1.13 0.72 1.79 0.59

Age (years) 0.87

<60 1911 1.36 1.07 1.73 0.01

≥60 439 1.42 0.96 2.08 0.08

BMI (kg/m2) 0.03

<24 221 1.13 0.95 1.33 0.16

≥24, <28 934 1.46 1.26 1.70 <0.01
≥28 1195 1.46 1.25 1.70 <0.01

SBP (mmHg) 0.41

<140 1084 1.25 0.86 1.82 0.23

≥140 1266 1.51 1.18 1.92 <0.01
DBP (mmHg) 0.04

<90 887 1.20 1.02 1.42 0.03

≥90 1463 1.48 1.33 1.65 <0.01
AHI (events/hour) 0.37

≥5, <15 934 1.46 1.04 2.07 0.03

≥15, <30 722 1.47 1.04 2.09 0.03

≥30 694 1.07 0.73 1.56 0.74

FPG (mmol/L) 0.72

<6.1 1991 1.38 1.23 1.54 <0.01
≥6.1 359 1.32 1.04 1.66 0.02

eGFR (mL/min/1.73m2) 0.59

<90 941 1.42 1.08 1.85 0.01

≥90 1409 1.27 0.93 1.72 0.13

Note 1: adjusted for age, gender, smoking status, drinking status, NC, WC, BMI, SBP, DBP, history of arrhythmia, diabetes, AHI, AI, HI, sleep duration, mean
SaO2 and lowest SaO2, antidiabetic drugs, antiplatelet drugs, lipid-lowering drugs, regular CPAP treatment, antihypertensive drugs, and TC, TG, HDL-c, LDL-
c, FPG, eGFR, Cr, and hs-CRP levels at baseline. Note 2: in each case, the model was not adjusted for hierarchical covariates. Abbreviations are the same as in
Table 1.
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with OSA, and slightly increased Hcy levels may increase
the risk of the first IS in hypertensive patients with OSA.
However, a few investigations have shown that slightly
increased Hcy levels do not enhance the risk of IS [38,
50]. Further, in IS patients with marginal or slightly
increased Hcy levels, reducing Hcy with high-dose vitamin
therapy did not reduce the risk of IS recurrence [51].
Therefore, additional investigations are necessary to verify
whether the risk of IS in hypertensive patients with OSA
can be reduced by intensive control or maintenance of
lower Hcy levels through folic acid and vitamin B12
supplementation.

The present study has some unique strengths. First, it is
the first report of a nonlinear relationship between Hcy and
the first IS in hypertensive patients with OSA. Second, the
present study is a retrospective cohort research and thus vul-
nerable to potential influences. However, we applied rigor-
ous statistical adjustments to reduce remnant confounders
as much as possible. Finally, we conducted subgroup analy-
ses and interaction tests to further demonstrate reliability for
the results and to identify potential interactions with other
variables.

Limitations of the study are mainly in the areas of the
following. First, levels of Hcy were tested only once at base-
line, so we were unable to investigate the effect of changes in
levels of Hcy on IS. Second, levels of Hcy could be affected
by genetic background, dietary habits, and/or medication
usage. It is possible that a single plasma Hcy concentration
test may not provide us with sufficient information to deter-
mine a causal relationship between Hcy and IS. Third, par-
ticipants were limited to hypertensive patients with OSA in
northwest China. Therefore, the findings of the present
investigation should be approached with caution for extrap-
olation to the general population or other ethnic communi-
ties. Fourth, data on adiponectin, IL-6, and TNF-α levels are
lacking in this cohort study, so it is not possible to compare
the accuracy of Hcy levels and other biomarkers for predict-
ing the risk of IS [2, 5]. Finally, recall bias may have existed
during data collection. However, recall bias was minimized
during data collection through rigorous training in survey
methodology and the application of standard operating
procedures.

5. Conclusion

In conclusion, elevated plasma Hcy concentrations were
independently associated with the risk of the first IS in
hypertensive patients with OSA. Plasma Hcy
concentrations ≥ 5 μmol/L obviously increase the risk of
the first IS in hypertensive patients with OSA. Undoubtedly,
lowering plasma Hcy concentrations to <5μmol/L is an effi-
cient and modest approach to minimize the risk of the first
IS in hypertensive patients with OSA.
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Pituitary tumors are the third most common intracranial tumors in adults. Treatment of refractory pituitary tumors is known to be
difficult due to limited treatment options. As a promising therapeutic method, tumor immunotherapy has been applied in the
treatment of many tumors, including pituitary tumors. Immune checkpoint blocking is one of the effective strategies to activate
antitumor immunity. Immune checkpoints prevent tissue damage by regulating the immune response of peripheral tissues and
participate in the maintenance of a normal immune environment. In the presence of a tumor, inhibition of T cell activity by
tumor cells binding to immune checkpoints and their ligands is an important mechanism for tumor cells to escape immune
injury. In this review, we summarize the latest findings of immune checkpoints and their potential as immunotherapeutic
targets for pituitary tumors.

1. Introduction

A pituitary tumor is a nonmetastatic tumor that occurs in the
pituitary gland and accounts for 15% of all tumors of the cen-
tral nervous system [1, 2]. A small proportion of pituitary
tumors are clinically invasive and are likely to remain or
recrudesce after surgery and radiotherapy [3]. Temozolo-
mide (TMZ) is effective in some invasive pituitary tumors,
but up to 50% of patients do not respond to TMZ, and the
median time of progression is short [4]. Targeted therapies,
including growth factors and their receptors, intracellular
signaling pathways, and proteins that regulate cell cycles,
are also of limited effectiveness [5]. At the same time, some
pathologists have suggested that invasive pituitary tumors
have malignant potential, and early identification and aggres-
sive treatment of these invasive tumors are needed to reduce
tumor recurrence and prolong survival [6]. Thus, it is urgent
to propose a new treatment regimen. In recent years, based
on the deep understanding of tumor immune microenviron-
ment, immune checkpoint suppressive therapy has made
great progress in cancer treatment which applied to the treat-
ment of various malignant tumors including melanoma,

lymphoma, lung cancer, bladder cancer, liver cancer, and
gastroesophageal cancer [7–9]. Different immune check-
points work together to regulate the immune system, which
is a double-edged sword, and in physiological situations,
these checkpoints are usually responsible for maintaining
the immune response within the required physiological range
and protecting the host from autoimmunity. In the presence
of a tumor, immune checkpoints may be used to inhibit the
activation of T cells, thereby preventing T cells from damag-
ing tumor cells and eventually leading to tumor proliferation
or migration [10–12] (Figure 1). Thus, targeted immune
checkpoint therapy is a new hot spot in tumor immunother-
apy. Immune checkpoint inhibitors (ICIs) mediated immu-
notherapy has become a turning point in oncology therapy
by targeting immune checkpoints, relieving T cell suppres-
sion, and promoting antitumor immunity [13, 14]. So far,
the cytotoxic T-lymphocyte antigen, 4 (CTLA-4) and pro-
grammed cell death protein 1 (PD-1)/programmed cell death
ligand 1 (PD-L1) are the main representative immune check-
points. Meanwhile, Lymphocyte activation-gene-3 (LAG-3),
T cell immunoglobulin domain and mucin domain-3
(TIM-3), and T cell immunoreceptor with Ig and Itim

Hindawi
Disease Markers
Volume 2021, Article ID 5300381, 7 pages
https://doi.org/10.1155/2021/5300381

https://orcid.org/0000-0001-6216-3858
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1155/2021/5300381


domains (TIGIT) have been identified (Table 1) [13, 15, 16].
In the case of pituitary tumors, with the further study of its
immune microenvironment, the use of immune checkpoint
inhibitors may be the next effective choice for the treatment
of refractory pituitary tumors or even pituitary cancer. [10].
Therefore, this review article introduces the current research
progress of different immune checkpoints and discusses their
application prospects in pituitary tumors.

2. PD-1/PD-L1

PD-1 is often expressed on the surface of B cells, T cells, NK
cells, and other cells, and the combination with PD-L1 and
PD-L2 will block the cytokine secretion and proliferation of
these cells [17, 18]. Although PD-L2 can also inhibit T cell
function, PD-1/PD-L1 blockers have received more attention
because PD-L1 expression is higher in tumor cells than PD-
L2, that is, in many human tumors, the high expression of
PD-L1 leads to poor prognosis [19–22]. PD-1/PD-L1 axis
inhibitors exert their antitumor effects by alleviating PD-
L1-mediated inhibition of tumor-infiltrating T lymphocytes
and enhancing the proliferation of tumor-infiltrating T-
regulatory cells (Treg) [23, 24]. For example, inhibitors block
the interaction of PD-1 receptors on CD8+ and CD4+ T cells
with PD-L1 on target tumor cells [25, 26]. The expression of
PD-L1 is a predictive biomarker of anti-PD-1/PD-L1 treat-
ment response. It has been reported that in different tumor
types, PD-L1-positive patients with tumors have a much
higher response rate to PD-1/PD-L1 axis inhibitors than
the negative ones [27]. Several studies have described the
expression of PD-L1 in pituitary neuroendocrine tumors
(PitNETs). In general, the present studies indicated that
PD-L1 is highly expressed in invasive pituitary tumors as well
as in some functional pituitary tumors, particularly in soma-
totrophs and lactotrophs [28–33]. Furthermore, in a recent

study of 264 pituitary adenoma specimens, researchers found
a high incidence of significant overexpression of PD-L1 in
Pit-1-positive tumors [34]. Compared to tumor tissues, a
study involving 10 pituitary samples showed no increase in
PD-L1 expression in normal endocrine tissues [35].
Although some types of pituitary tumors show high levels
of PD-L1 expression, it does not mean that these tumors will
necessarily respond to immune checkpoint suppression. Still,
these facts suggest that immune checkpoint suppression may
represent a reasonable treatment for some pituitary tumors
and even pituitary carcinomas [34]. Likewise, pituitary
tumors themselves exhibit T cell infiltrates, a prerequisite
for checkpoint blockade efficacy [28]. In preclinical studies,
after subcutaneous tumor implantation, anti-PD-L1 treat-
ment significantly inhibited tumor growth and serum ACTH
secretion, and some mice achieved complete tumor regres-
sion, compared with tumor-bearing mice without anti-PD-
L1 treatment, which also have been observed in models of
intracranial tumors [32]. There has been strong evidence of
the effectiveness of immunotherapy in the treatment of pitu-
itary tumors. In 2018, Lin et al. reported about a patient with
ACTH-secreting pituitary carcinomas who was successfully
treated with combined immunotherapy with ipilimumab
(anti-CTLA-4) and nivolumab (anti-PD-1) [36]. Recently,
Sol et al. reported about a patient with ACTH-secreting pitui-
tary carcinomas who was stabilized with the same combina-
tion immunotherapy [37]. Caccese et al. also reported about
a patient with a MMRd pituitary adrenocorticotropic hor-
mone- (ACTH-) secreting adenoma treated with the check-
point inhibitor pembrolizumab [38]. Similarly, Lamb et al.
treated a case of prolactin pituitary cancer using ipilimumab
and nivolumab in combination with vascular endothelial
growth factor inhibition therapy [39]. In conclusion, the
explorationof immunotherapy inpituitary tumorsorpituitary
carcinomas with high PD-L1 expression is a promising work.

T cellTumor cell APC

Tumor immune microenvironment
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Figure 1: Binding patterns of immune checkpoints. Immune checkpoint binding with ligand in the immune microenvironment.
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3. CTLA-4

CTLA-4 is a kind of representative immune checkpoint path-
way like PD-1/PD-L1 and is also involved in the negative reg-
ulation of immune function at different stages of T cell
activation [13]. CTLA-4, expressed on activated T and Treg
cells, is homologous to CD28 and has a higher affinity for
CD80 and CD86 [40]. Unlike the first antigen-dependent
receptor (CD28), CTLA-4 is antigen independent [41]. It is
the second receptor of the T cell costimulatory ligand
CD80/86, and its function is critical for the downregulation
of the immune response. Typically, CD28 binds to the B7
ligand and signals through phosphoinositol 3-kinase (PI3K)
to enhance downstream activation pathways [42]. The bind-
ing of CTLA-4 to CD80/CD86 prevents T cell proliferation
stimulation provided by the binding of CD28 to CD80/CD86
during initiation [40]. In addition, the involvement of CTLA-
4 in T cell activation prevents cell cycle progression [43]. In
animal experiments, Brunner et al. demonstrated that
CTLA-4 prevented cell cycle progression by inhibiting the
production of cyclin D3 and CDK4 and CDK6, as well as
altering the degradation of cell cycle inhibitor p27. Moreover,
they also observed CTLA-4-mediated effects on cyclins when
cells were stimulated only by CD3, suggesting that CTLA-4
inhibited the CD28-independent pathway in T cell activation
[44]. CTLA-4 blocks the binding of antibodies to CTLA-4
expressed on T lymphocytes, leading to the beneficial expan-
sion of effector T cells that recognize tumor antigens and
eliminate tumors, thereby inhibiting tumor growth [45].
Currently, CTLA-4 has been rarely reported in pituitary
tumors. In one study, the transcriptome of 115 pituitary
tumors was analyzed and no differences in CTLA-4 expres-
sion among tumor subtypes were observed which showed
that the expression of CTLA-4 was not specific in each sub-
type of pituitary tumor [31]. In another study, CTLA-4
expression was confirmed in 37 surgical pituitary adenomas
and 11 normal pituitary glands [45]. These shreds of evi-
dence explain that the application of CTLA-4 antibodies
binds to the pituitary CTLA-4 and triggers a series of cyto-

pathic immune responses leading to side effects such as pitu-
itary inflammation [46]. At the same time, it is also a kind of
evidence of the therapeutic effect of CTLA-4 antibody on
pituitary tumors. Considering that the combination of
CTLA-4 antibody with the “ectopic” expression of CTLA-4
antigen on normal pituitary endocrine cells can cause dam-
age to normal pituitary tissue, the use of the CTLA-4 anti-
body as an adjuvant to other checkpoint inhibitors, such as
anti-PD-1 and anti-PD-L1, for the treatment of pituitary
tumors, may be a promising approach. CTLA-4 inhibitors
are used in combination with PD-1/PD-L1 inhibitors in the
treatment of pituitary tumors reported so far [36].

4. TIM-3, LAG-3, and TIGIT

The success of CTLA-4 inhibitors and PD-1/PD-L1 inhibi-
tors in the treatment of many types of tumors has inspired
researchers to investigate targets beyond these [47]. Although
to the best of our knowledge, no studies have targeted these
targets in pituitary tumors, they remain a viable and promis-
ing option.

TIM-3, a member of the TIM gene family, is expressed in
tumor cells and immune cells [48–50]. The interaction of
TIM-3 with its ligand induces T cell inhibition, while block-
ing TIM-3 expression leads to T cell proliferation and cyto-
kine production, thus triggering immune activation [51].
Notably, Tim-3 and PD-1 are often coexpressed in T cells,
which are dysfunctional or failing. In one study, anti-TIM-3
treatment alone had little or no effect on mice carrying solid
tumor CT26 colon cancer, and anti-PD-L1 treatment alone
showed a tendency to delay tumor growth [48]. However,
the combination of anti-TIM-3 and anti-PD-L1 led to a sig-
nificant reduction in tumor growth, with 50% of the mice
showing complete tumor regression [48]. This suggests that
combined targeting of the TIM-3 and PD-1 pathways is more
effective in controlling tumor growth than targeting the TIM-
3 and PD-1 pathways alone. Song et al. reported that Tim-3+

Foxp3+ Treg cell levels in PBMC of patients with nonfunc-
tional pituitary adenoma were significantly higher than those

Table 1: Possible immune checkpoints in pituitary tumors.

Immune
checkpoint

Application in
pituitary tumors

Research
type

Recommendation Ref. Year

PD-1/PD-L1

Cushing’s disease
ACTH pituitary
carcinomas

Prolactin pituitary
carcinomas

Preclinical
Clinical
Clinical

Used in pituitary tumors with high expression of PD-L1, combined with
other target inhibitors when necessary

[32]
[37]
[38]
[39]

2020
2021
2020
2020

CTLA-4

ACTH pituitary
carcinomas

Prolactin pituitary
carcinomas

Clinical
Clinical

Combination therapy of CTLA-4 inhibitors with PD-1/PD-L1 inhibitors
[37]
[39]

2021
2020

TIM-3 — — Tim-3 blocking combined with PD-L1 blocking — —

LAG-3 — — Combined with other targets, dual blocking — —

TIGIT — — Combined with other targets, dual blocking (functional pituitary tumors) — —

PD-1/PD-L1: programmed cell death protein 1/programmed cell death ligand 1; CTLA-4: cytotoxic T-lymphocyte antigen, 4; TIM-3: T cell immunoglobulin
domain and mucin domain-3; LAG-3: lymphocyte activation-gene-3; TIGIT: T cell immunoreceptor with Ig and Itim domains.
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of healthy controls, and the level of Foxp3+ Treg cells
expressing Tim-3 was significantly reduced in patients after
surgery [52]. Therefore, it is worth further exploration
whether combined blocking of TIM-3 and PD-L1 can effec-
tively treat pituitary tumors.

LAG-3 is expressed in activated CD4+ and CD8+ T cells,
NK cells, B cells, and dendritic cells (DC) and induces
immune failure by binding to major histocompatibility com-
plex class II (MHC-II) and other ligands [53–56]. Coexpres-
sion of LAG-3 with other targets (such as PD-1, TIGIT, and
TIM-3) leads to T cell failure, exemplified by lack of prolifer-
ation and cytokine secretion [57]. In some preclinical studies
on different tumor types, LAG-3 monotherapy has largely
failed, often in combination with other targets, i.e., the use
of dual coblocking will enhance tumor inhibition [58–60].
For example, in mice with MC38 tumor, dual LAG-3/PD-1
coblocking synergism restricted the growth of MC38 and
resulted in 80% tumor clearance in mice [57]. It seems that
coblocking of LAG-3 with PD-1 or other targets can enhance
the effect of immunotherapy, and whether it can also be
applied in pituitary tumors is a direction of future research.

TIGIT expression in NK cells and T cells, binding with
CD155, CD112, or PVRL3, can inhibit interferon-γ produc-
tion of NK cells and promote the generation of mature
immunoregulatory DCS and inhibitory differentiation and
function of T cells [47, 61–63]. Similar to TIM-3 and LAG-
3, TIGIT is often coexpressed with other targets, and double
blockade restates T cell and NK cell function in the preclini-
cal environment [62, 64, 65]. Studies have shown that activa-
tion of the hypothalamic-pituitary-adrenal (HPA) axis
causes the adrenal cortex to release glucocorticoid (GC) hor-
mones into the circulatory system, and these GCs may pro-
mote the expression of TIGIT by key effector cells in an
environmental, tissue-specific, and system-specific manner,
thereby suppressing the immune response [66]. Whether
the secretion of hormones in functional pituitary tumors
can also affect the expression of TIGIT and the coinhibition
of TIGIT and other targets can affect the immunotherapy
of pituitary tumors are two problems facing us at present.

5. The Dilemma of Immune
Checkpoint Inhibitors

The use of immune checkpoint inhibitors has revolutionized
themanagement of some tumors, but with different responses
in different patients, and these drugs can cause unique adverse
reactions that can be life threatening [67–69]. How to
enhance the efficacy of immunosuppressive agents and
reduce adverse reactions are two major challenges facing us.

The combination of immunosuppressive agents, such as
CTLA-4 inhibitors combined with PD-1 inhibitors, or
TIM-3 and PD-L1 inhibitors combined with blocking, is cur-
rently the best choice to enhance the therapeutic effect [17,
36, 48]. Some researchers are exploring other ways, too. For
example, Deng et al. proposed that the combination of radio-
therapy and anti-PD-L1 therapy can enhance the activity of
CD8+ T cells, optimize the tumor immune microenviron-
ment, and lead to tumor regression [70]. Liu et al. believed
that abnormal mechanical properties and immunosuppres-

sion were the two key factors limiting the antitumor efficacy
of T cell immune checkpoint blocking inhibitors against solid
tumors in clinical practice, and they found that hyperbaric
oxygen could promote PD-1 antibody delivery and destroy
hypoxic-mediated immunosuppression through the con-
sumption of extracellular matrix [71]. Melero et al. sug-
gested that intratumoral drug delivery and targeted drug
delivery of tumor tissue should be used instead of tradi-
tional intravenous infusion [72]. Such explorations provide
broad ideas for finding ways to improve the efficacy of
immunosuppressants.

In clinical treatment, immune-related adverse events
(irAE) caused by ICIs are more toxic than conventional che-
motherapy and often involve different organ systems [73,
74]. For example, the cardiovascular system presents with
pericarditis, pericardial effusion, and various types of
arrhythmias, including the development of the complete
atrioventricular block, myocardial infarction, heart failure,
and myocarditis [75]. In the skin lesions, the manifestations
are psoriasis, erythema pleomorphic, leukocyte cataclastic
vasculitis, and eczema [76]. In the gastrointestinal system,
diseases such as colitis, hepatitis, cholangitis, and gastritis
are common [77]. In the blood system, it is often manifested
as autoimmune hemolytic anemia, immune thrombocytope-
nia, and aplastic anemia [78]. In the nervous system, it is
manifested as myasthenia gravis, encephalitis, and demyelin-
ation of the central nervous system [79]. In the urinary sys-
tem, acute kidney injury and acute tubulointerstitial
nephritis often occur [73]. When considering the introduc-
tion of ICIs in the treatment of pituitary tumors, it is of con-
cern that ICIs can damage the endocrine system and cause
endocrine diseases involving the thyroid, pituitary, adrenal,
and pancreas [80]. How to reduce the damage to normal
pituitary tissue while making ICI damage to pituitary tumor
cells is the key to make immune checkpoint suppression ther-
apy suitable for a pituitary tumor.

6. Future Perspectives and Conclusions

While ICIs have been extensively used to target immune
checkpoints in many tumors, their use in pituitary tumors
has just commenced. With the increasing research on the
microenvironment of pituitary tumors, the recognized
infiltration of lymphocytes and the expression of immune
checkpoints seem to give us a strong implication that
immunotherapy targeting immune checkpoints is the next
effective treatment approach for pituitary tumors. Before
that, to clarify the specific mechanism of the interaction
between pituitary tumors and the human immune system,
improve the efficacy of ICIs, and reduce irAE are the first
three problems to solve. There are reasons to believe that
immune checkpoints will be the next therapeutic target
for pituitary tumors.
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Microembolic signals (MES) of the carotid artery are associated with plaque destabilization and reoccurrence of stroke.
Previous studies have focused primarily on the degree of carotid artery stenosis and plaque components, and the
relationship between plaque length and microembolic sign has received little attention. We aimed to find the association
between carotid plaque length (CPL) and the presence of MES. We conducted a retrospective observational cross-sectional
study. A total of 84 acute anterior-circulation ischemic stroke/transient ischemic attack (TIA) patients with carotid artery
atherosclerosis were classified into an MES-positive (MES+) group and MES-negative (MES−) group. We measured
multiple parameters of carotid plaque size (length, thickness) in each patient and evaluated the relationship between
different plaque parameters and occurrence of MES. We found that male, carotid artery stenosis (CAS), CPL, carotid
plaque thickness (CPT), and intima-media thickness (IMT) of the carotid artery were each significantly different between
two groups (all P < 0:05). The multivariate analysis showed CPL (odds ratio (OR), 1.109; 95% CI, 1.044–1.177; P = 0:001)
to be independently associated with the presence of MES. The areas under the ROC curves (AUCs) for CPL for predicting
MES were 0.777 (95% CI, 0.640–0.914; P < 0:001). The cutoff value of CPL for predicting MES was 16.7mm, with a
sensitivity of 88.2% and a specificity of 77.6%. We found that CPL was a meaningful independent predictor of MES.
Therefore, CPL may be useful for risk stratification of long and nonstenotic plaques in anterior circulation stroke.

1. Introduction

Microembolic signals (MES) of the cerebral artery are associ-
ated with plaque destabilization and predict the occurrence
of stroke [1–5]. Furthermore, MES can cause recessionary
cognition [6]. Detection of MES may provide a diagnostic
stratification in patients with asymptomatic carotid stenosis
and aid in optimizing therapies for such patients [1], as well
as serve as a tool for elucidating the mechanisms of stroke
and evaluating efficacies of antiplatelet therapies [2, 5, 7].

Hence, MES should be widely used in observational and
interventional studies [7, 8].

A previous study [9] found that carotid plaque thickness
ðCPTÞ > 3mm may be a source of thromboembolic stroke.
Another study shows CPT > 3mm failed to be significantly
different with ipsilateral embolic stroke of undetermined
source [10]. Growth of plaque length of carotid artery is fas-
ter than their corresponding thicknesses [11]. Thus, plaque
length may be an underestimated indicator of carotid artery
atherosclerosis. Only a few studies focus on the search of
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CPL [12, 13]. Therefore, the relationship between lengths of
plaques of the carotid artery and MES requires further inves-
tigation. Importantly, assessment of the lengths of carotid
plaques may be useful for discerning high-risk plaques. The
purpose of our study was to discover the relationship
between CPL and MES.

2. Materials and Methods

2.1. Patients and Study Design. This was a retrospective
observational cross-sectional study. We investigated the
relationship between CPL and MES lasting 60min during
Transcranial Doppler (TCD) monitoring within 72 h after
the onset of acute stroke. Consecutive patients with acute
anterior-circulation ischemic stroke or transient ischemic
attack (TIA), admitted to the Department of Neurology at
Weifang Brain Hospital, were enrolled in the present study
from January 2015 through October 2019. Stroke was diag-
nosed based on imaging characteristics obtained via mag-
netic resonance imaging (MRI) and neurological deficits
lasting for more than 24 h. TIA was defined based on the
criteria of the American Heart Association/American Stroke
Association (AHA/ASA) [14]. CAS was diagnosed based on
ultrasound examination. Our study was approved by Changyi
People’s Hospital Ethics Committee. The approval no. of the
Ethics Committee was CYRM20171014. Our study was a ret-
rospective observational study. Patient informed consent for
inclusion in this study was waived. The patients’ general data,
relevant medical history, treatments, and laboratory examina-
tions were evaluated and recorded by a neurologist.

Exclusion criteria for candidate patients were as follows:
(1) <40 years old, (2) carotid artery occlusion or middle cere-
bral artery occlusion, (3) the absence of a temporal acoustic
window for TCD monitoring, (4) bilateral anterior infarc-
tions and/or anterior- and posterior-circulation infarctions,
(5) cardioembolic stroke or strokes with other etiologies,
(6) severe nephritis or liver disease or definitive or suspected
cancer, (7) no enduring MES for 60min during TCD moni-
toring, and (8) a history of carotid endarterectomy or a
carotid artery stent.

2.2. Assessment of CAS via Ultrasonography. Ultrasound
examination was conducted by two skilled doctors. The
carotid artery stenosis (CAS) was defined by criteria of ECST
(arrange 50% to 99%) (16). Other ultrasonic parameters [15]
that we assessed were as follows: (1) CPL was defined as the
maximum length of all ipsilateral carotid artery plaques
[13]; (2) CPT was defined as the maximal thickness of all
plaques within ipsilateral carotid arteries; (3) resistance index
(RI) was defined by the Mannheim Carotid IMT Consensus,
and IMT was assessed at the thickness of segments without
plaques and was measured in the far wall of the common
carotid artery at approximately 10mm proximal to the
carotid artery bifurcation, as previously described [16]; (4)
plaques of ipsilateral carotid arteries were categorized as
either predominantly echolucent, predominantly echogenic,
or as mixed echolucent/echogenic; and (5) ulcerative plaques
were defined by common criteria in ultrasonography [17],
including plaque surface craters measuring 2 × 2mm or those

with concavity with an echogenic line at the plaque base. Tim-
ing of ultrasound examination was not limited, and most of
the patients were detected within 3 days after stroke.

2.3. Assessment of MES via TCD Monitoring. MES were
detected via TCD monitoring (Delica EMS-9A); for this pur-
pose, skilled technicians fixed a 2MHz probe to the patients
head frame and monitored occurrence of MES in the initial
and distal segments of the symptomatic middle cerebral
artery for 1 hour. All patients were detected within 3 days
after stroke/TIA. Distances ≥ 6mm between two points were
applicable for MES monitoring. Typically, the middle
cerebral artery was monitored at depths between 50 and
65mm. The sample volume based on a nearly 8mm vessel
length, combined with a relative low gain, was used to distin-
guish emboli signals from background noise. The skilled
technicians identified the presence of MES as unidirectional,
short duration signals (less than 0.3 s) with intensity thresh-
old above 3 dB, accompanied by “chirping” sound and occur-
ring randomly throughout the cardiac cycle, as previously
described [18].

2.4. Statistical Analysis. The SPSS 22.0 software package (Chi-
cago, IL, USA) was utilized for data analysis. Quantitative data
are expressed as themean ± standard deviation, while qualita-
tive data are expressed as frequencies and percentages. After
testing for normality, quantitative data were compared
between two groups by t-tests, and qualitative or categorical
data were compared by χ2 tests or Fisher’s exact texts.

Statistically significant factors (P < 0:05) in univariate
analyses were entered into stepwise forward logistic regres-
sion analysis to identify the independent factors for MES.
Odds ratios (ORs) and their 95% CIs were used to evaluate
the independent contributions of significant factors. The
Hosmer-Lemeshow test was used to estimate the appropri-
ateness of the model.

We measured the correlations between CPT and CPL by
calculating Pearson correlation coefficients.

Receiver operating characteristic (ROC) curves were
obtained to determine the optimal cutoff values for the
independent risk factors, as well as their sensitivities, specific-
ities, and areas under the ROC curves (AUCs). P < 0:05 was
reckoned statistically significant.

3. Results

3.1. Baseline Demographics. During the study period, 596
consecutive patients with acute stroke/TIA were potentially
eligible for our study. After removing patients that fit the
exclusion criteria, a total of 84 anterior-circulation ischemic
stroke/TIA patients were enrolled in our present study
(Figure 1). These patients’ demographic and clinical features
are presented in Table 1. The mean age was 62:05 ± 9:29
years. There were 55 (65.5%) males. MES occurred in 17
out of 84 cases. There were no significant differences between
MES+ and MES− patients in terms of age or the presence of
hypertension, diabetes mellitus, ischemic heart disease,
smoking, or drinking. However, the percentage of males in
the MES+ group was significantly higher than that in the
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349 patients were excluded:
86 patients lack of data
164 patients with bilateral anterior infarctions and/or
anterior- and posterior-circulation infarctions
71 patients categorized as cardioembolic stroke, strokes
with other etiologies, or < 40 years old
10 patients with severe nephritis or liver disease or
definitive or suspected cancer
18 patients with history of carotid endarterectomy or
carotid artery stent

163 patients were excluded:
102 patients with TCD monitoring > 72 h a�er the onset
of acute stroke
61 patients with carotid artery occlusion, middle
cerebral artery occlusion or no ipsilateral cerebral artery

596 patients with acute stroke or TIA

247 patients were eligible for inclusion

84 patients included

Figure 1: Flowchart of the patients included in the present study.

Table 1: Baseline demographics.

MES+ (n = 17) MES− (n = 67) T/χ2 P

Age (years) 62:53 ± 4:75 61:93 ± 10:15 0.357 0.722

Gender (male/female) 15 (86.7%) 40 (59.7%) 4.884 0.027

Hypertension 13 (76.5%) 56 (83.6%) 0.108 0.742

Diabetes mellitus 6 (35.3%) 11 (16.4%) 1.938 0.164

CAD 4 (23.5%) 13 (19.4%) 1.317 0.251

History of stroke or TIA 4 (23.5%) 11 (16.4%) 0.108 0.742

Smoking 8 (47.1%) 19 (22.4%) 2.056 0.152

Drinking 6 (35.3%) 19 (28.4%) 0.312 0.576

TC (mmol/L) 4:25 ± 0:71 4:57 ± 1:08 −1.178 0.242

TG (mmol/L) 1:69 ± 1:00 1:82 ± 0:86 −0.684 0.496

LDL (mmol/L) 2:15 ± 0:61 2:42 ± 0:95 −1.128 0.263

HDL (mmol/L) 1:29 ± 0:512 1:24 ± 0:647 0.122 0.903

Cr (μmol/L) 62:59 ± 13:72 63:49 ± 13:56 0.258 0.797

BUN (mmol/L) 5:34 ± 1:42 5:10 ± 1:66 0.568 0.572

Clopidogrel plus aspirin 3 (17.6%) 24 (35.8%) 2.056 0.152

BUN: blood urea nitrogen; CAD: coronary artery disease; Cr: creatinine; HDL: high-density lipoprotein; LDL: low-density lipoprotein; MES: microembolic
signals; TC: total cholesterol; TG: triglycerides; TIA: transient ischemic attack.
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MES− group. Finally, laboratory parameters—including total
cholesterol (TC), triglycerides (TG), low-density lipoprotein
(LDL), high-density lipoprotein (HDL), creatinine (Cr), and
blood urea nitrogen (BUN) levels—were not significantly dif-
ferent between the MES+ group and MES− group (P > 0:05).

3.2. Characterization of Carotid Plaques. The patients’ ultra-
sound characteristics are listed in Table 2. CAS, CPL, CPT,
and IMT of the carotid artery were each significantly
different between the MES+ group and the MES− group (all
P < 0:05). In contrast, there was no significant difference
in the RI between the MES+ group and the MES− group
(P = 0:707).

We found that the percentage of plaque echolucency was
not significantly different between the MES+ group and the
MES− group (47.4% vs. 40.8%, respectively).

3.3. Multiple Collinear Analysis of Independent Variables and
Multivariable Analysis. Variance inflation factors (VIF) of
CAS, CPL, CPT, and IMT were less than 5. Multicollinearity
was considered nonexistent.

Gender was adjusted because there was a statistically
significant difference between male and female. CAS, CPL,
CPT, and IMT were entered into logistic regression analysis.
Multivariable analysis showed that CPL (OR: 1.109; 95% CI:
1.044–1.177; P = 0:001; B: 0.103; S.E.: 0.031) was an indepen-
dent risk factor for MES. Factors including gender, CAS,
CPT, and IMT were not in the equation. The P value of the
Hosmer-Lemeshow test was 0.213.

3.4. Correlational Analysis between CPL and CPT. The corre-
lation between CPL and CPT was R2 = 0:539 and P < 0:01,
and this correlation was moderate level.

3.5. AUC for CPL for Predicting MES. The AUC for CPL for
predicting MES was 0.777 (95% CI, 0.640–0.914; P < 0:001)
(Figure 2). The optimal cutoff value of CPL for predicting
MES was 16.7mm, with a sensitivity of 88.2%, specificity of
77.6%, positive predictive value of 88.2%, and negative pre-
dictive value of 77.6%.

4. Discussion

The present study evaluated the predictive value of CPL for
MES in patients with acute anterior-circulation ischemic
stroke/TIA. Vulnerable plaque characteristics such as intra-
plaque hemorrhages, plaque ulcerations, and thinned or
disrupted fibrous caps can be clearly identified by high-
resolution magnetic resonance imaging (MRI) or PET-CT
[19]. However, due to their relatively low occurrences, costli-
ness, and difficulty to quantify, these specific plaque charac-
teristics have not been widely adopted clinically and may be
far from ideal markers of MES [19]. Alternatively, CPL is
noninvasive, cost-effective, and easily quantified and may
thus be sufficient for predicting MES [13].

In the current study, conventional stroke-related risks
such as hypertension, diabetes mellitus, coronary artery dis-
ease (CAD), smoking history, and drinking history were

Table 2: Plaque ultrasound characteristics within the ipsilateral carotid artery.

MES+ (n = 17) MES− (n = 67) T/χ2 P

IMT 0:960 ± 0:112 0:848 ± 0:152 2.073 0.041

RI 0:768 ± 0:055 0:762 ± 0:054 0.377 0.707

Plaque ulceration 2/17 1/67 3.046 0.110

CAS 9/17 14/67 5.302 0.021

CPL (mm) 23:10 ± 9:18 12:99 ± 8:87 4.167 <0.001
CPT (mm) 2:750 ± 1:135 1:953 ± 750 2.320 0.031

Plaque echo

Echolucent 27/57 51/125 1.426 0.490

Mixed echolucent/echogenic 28/57 65/125

Echogenic 2/57 9/125

CAS: carotid artery stenosis; CPL: carotid plaque length; CPT: carotid plaque thickness; IMT: intima-media thickness; MES: microembolic signals; RI:
resistance index.
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Figure 2: Points along the diagonal dotted line represent an AUC of
0.5. The AUCs for CPL of carotid arteries for predicting MES were
0.777 (95% CI, 0.640–0.914; P < 0:001). AUCs: areas under the ROC
curves; CPL: carotid plaque length; MES: microembolic signals.
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not significantly different between the MES+ group and the
MES− group. These findings are consistent with those of a
previous study [4, 20, 21]. We found that the percentage of
males in the MES+ group was significantly higher than that
in the MES− group. Related to this finding, a previous study
has noted that males have a higher smoking rate, drinking
rate, and other increased risk factors compared to those of
females in China [18]. Our study and previous studies all
found that there were no significant differences about plasma
lipid level (TC, TG, LDL, or HDL), Cr, and BUN between the
two groups [20]. Previous studies also deem that dual anti-
platelet therapy can reduce MES more effectively than single
antiplatelet therapy [2, 4]. In our study, dual antiplatelet ther-
apy in the MES− group was nearly two times more frequent
than in the MES+ group (35.8% vs. 17.6%, respectively)
despite the lack of any statistically significant difference,
which may be due to the limited sample size.

In the present study, CAS, CPL, CPT, and IMT were
significantly different between the MES+ group and the
MES− group. Most of the studies suggested that MES was
associated with symptomatic carotid stenosis [5, 22]. How-
ever, some studies showed MES had no relationship with
symptomatic CAS [23]. IMT is traditionally considered an
important arteriosclerosis factor for stroke and its recur-
rence [21]. Our present study found that IMT was also asso-
ciated with MES. Only three cases with ulcerative plaques
were found in our data, due to rigorous criteria of ulcerative
plaques requiring a concavity greater than 2 × 2mm. In a
Chinese study, the proportion of ulcerative plaque was only
8% in 287 patients with moderate internal CAS [24].
Another carotid plaque morphology research also deems
the prevalence of ulcerative was fairly low [23], just like
our research. These findings suggest that ulcerative plaques
(greater than 2 × 2mm) may not represent a sensitive
parameter for predicting MES. Echolucent plaques have
been commonly suggested responsible for the presence of
MES. Our research showed that the percentage of echolucent
plaques was not different between the two groups. Part of the
reason may be that plaque morphology will change after
stroke or releasing MES.

Logistic regression analysis supported that CPL was inde-
pendently associated with the occurrence of MES, while CAS,
CPT, and IMT were not independent factors for MES in
acute anterior stroke. Part of the reason may be due to the
limited sample size. The cutoff value of CPL for predicting
MES was 16.7mm. Carotid artery plaques increase in length
much faster than in thickness and have a large dynamic scope
[11]. In conclusion, CPL may be a meaningful independent
sensitive predictor for MES. The relationship between CPL
andMES has rarely been reported previously. A recent article
reported that plasma osteoprotegerin levels (an inflamma-
tory biomarker) was predictive of MES [20] and that the
corresponding AUC (0.734) was also effective; however,
laboratory testing for osteoprotegerin levels is not exactly
practical compared with CPL in most Chinese hospitals.
CPL belongs to plaque morphology parameter and osteopro-
tegerin level reflects unstable plaque inflammation. Another
recent study [13] reported that CPL is an independent indi-
cator of the severity of CAD, and our study showed that

CPL would be a useful tool to evaluate high-risk recurrence
of stroke instead of CPT and IMT. There were only a few
literatures on carotid plaque length. To our knowledge, our
study is the first to discover the relationship between CPL
and MES. Our research showed that CPL has a correlation
with CPT. This relationship needs future exploration.

CPL which is convenient to measure by ultrasound could
make up for the limitation of MES. TCDmonitoring requires
special equipment as well as skilled technicians, and its clin-
ical applications have been limited. Some older people have
unilateral or bilateral poor temporal windows and are unable
to endure a 1-hour MES monitoring session [20].

CPL may be beneficial for rethinking etiological classifi-
cations of stroke via large and nonstenotic plaques. It has
been increasingly recognized that there are limitations in
Trial of Org10172 in Acute Stroke Treatment (TOAST) clas-
sifications, especially in Asian countries with higher rates of
LAA (Large Artery Atherosclerosis) [25–28]. For example,
the percentage of “undermined stroke” via TOAST classifica-
tions is much higher than that of other etiologic stroke
classifications [26, 29]. For instance, large and nonstenotic
plaques are classified as “undermined stroke” or small-
vessel-disease subgroups via TOAST classifications. The total
plaque area (TPA ≥ 1:19mm2) is a criterion for indicating
nonstenotic LAA stroke with a heavy plaque burden in SPAR-
KLE [30]. Nevertheless, measurement of total plaque area
(TPA) is also time-consuming and consequently difficult to
be used widely in clinical practice compared with CPL. Our
study showed that CPL was a valuable independent marker
for the presence of MES, and this result means measuring of
CPL would identify the nonstenotic carotid with high risk.

The present study had some limitations. First, the sample
sizes were relatively small. Because of our limited sample
sizes, a few traditional risk factors failed to meet the criteria
for independent risk factors of binary regressions. Therefore,
future studies with larger sample sizes and other measure-
ment instruments are needed to confirm or refute our
present findings. Second, the MES monitoring that we
employed had limitations. Since we only conducted MES
monitoring for 1 h, this monitoring time may not have been
long enough and may have led to false-negative errors.
Finally, since this was a retrospective cross-sectional study,
our findings need to be validated by prospective cohort stud-
ies in the future.

5. Conclusions

Our present findings suggest that ultrasound CPL was a
dependent parameter and meaningful predictor for MES,
thus suggesting that high CPL may discern the high-risk pla-
que undermined stroke and small-vessel-disease with high
recurrence. CPL may be widely implemented in clinical prac-
tice and research.
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Background. In patients with ischemic stroke, the role of anti-inflammatory cytokine Interleukin-10 (IL-10) in predicting risk and
outcomes is not very clear. This study is aimed at prospectively assessing the prognostic determinant value of IL-10 in
patients with acute ischemic stroke in a cohort of Chinese people. Methods. In a prospective cohort study, consecutive
first-ever patients with acute ischemic stroke admitted to our hospital were included from October 2019 to October 2020.
The serum level of IL-10 was measured at baseline. A structured follow-up telephone interview was performed on day 90
after admission. Logistic regression analyses were used to assess the prognostic value of IL-10 to predict the poor
functional outcome (defined as a modified Rankin Scale score of 3 to 6) and mortality. Results. The median age of the 236
enrolled patients was 65 years (interquartile range (IQR), 56-76), and 57.6% were male. There was a negative correlation
between the National Institutes of Health Stroke Scale (NIHSS) score and IL-10 serum levels (r ðSpearmanÞ = −0:221, P =
0:001). Patients with elevated IL-10 levels (> the highest quartile = 5:24 pg/mL; n = 79) were at significantly lower risk of
poor functional outcomes (odds ratio (OR), 0.35; 95% confidence interval (CI), 0.19 to 0.63; P < 0:001) and mortality
(OR = 0:24; 95% CI = 0:11–0.52; P < 0:001) compared with patients with IL-10 levels in the lowest three quartiles.
Conclusions. Reduced serum levels of IL-10 were independently associated with both the clinical severity at admission and
a poor functional prognosis in ischemic stroke patients, suggesting that the anti-inflammatory cytokine IL-10 was an
important prognostic determinant.

1. Introduction

Acute ischemic stroke is one of the main causes of death and
the leading cause of disability in adults worldwide [1, 2]. In
China, ischemic stroke is a common disorder with almost 2
million new or recurrent events per year [3], and one study
indicated annual estimates of 11 million prevalent cases of
stroke in 2013 [4]. Stroke leads to the highest disability-
adjusted life-year loss of any disease in China [3]. In the past
ten years, China has made outstanding achievements in
stroke prevention and control [5]. However, with the
increase of population aging and the poor management of

chronic risk factors, future stroke prevention and treatment
work still face challenges [3].

Inflammation and oxidative stress pathways are the path-
ophysiological mechanisms involved during ischemic stroke
[6]. Global brain inflammation after a stroke might continu-
ously affect the patients’ long-term functional outcomes [7].
Inflammation is a double-edged sword at particular stages
after a stroke, which could be both detrimental and beneficial
[8]. Various proinflammatory and anti-inflammatory
responses after ischemic stroke are potential therapeutic
strategies [9]. The mechanisms between systemic inflamma-
tion and poor stroke outcome had been proposed [10].
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Elevated blood levels of inflammatory cytokines such as
C-reactive protein (CRP) [11], Interleukin-6 (IL-6) [12, 13],
IL-18 [14], IL-12 [15], tumor necrosis factor-α [16], and C–
C chemokine ligand 2 (CCL-2) [17] were associated with
poor outcome and increased mortality after stroke. Anti-
inflammatory cytokines could inhibit the proinflammatory
cytokine production and might be used for stroke treatment.
Vila et al. [18] showed that a reduced level of IL-10 (an anti-
inflammatory cytokine) was associated with neurological
worsening in acute ischemic stroke. Similarly, another study
also reported that reduced IL-10 concentrations were associ-
ated with a degree of neurological deficit and poor stroke out-
come [19]. Interestingly, not all the literature conclusions are
very consistent. One study showed that higher IL-10 levels
were associated with poor outcomes in female patients with
ischemic stroke [20], while another study reported that more
elevated serum IL-10 was an independent prognosticator of
ischemic stroke outcome [21]. In addition, the prognostic
value of IL-10 in ischemic stroke patients in another study
was not confirmed [22].

The prognostic value of IL-10 in patients after acute
ischemic stroke is not well documented. Further research is
recommended to explain and unify these differences. Thus,
this study is aimed at prospectively assessing the prognostic
determinant value of anti-inflammatory cytokine IL-10 in
patients with acute ischemic stroke in a cohort of Chinese
people.

2. Subjects and Methods

2.1. Patients and Study Design. A single-center prospective
cohort study was performed from October 1, 2019, to Octo-
ber 30, 2020. All patients with acute ischemic stroke diag-
nosed as the first onset were consecutively enrolled in our
hospital during this period. The enrolled patients also needed
to meet the following criteria: the diagnosis met the criteria of
the World Health Organization [23] and was confirmed by
Magnetic Resonance Imaging (MRI), with symptom onset
within 3 days. Patients with (1) cerebral hemorrhage, (2)
malignant tumor, (3) renal insufficiency, (4) surgery or
trauma < 3months, and (5) autoimmune diseases would be
excluded. In addition, those patients without informed con-
sent or fasting blood samples also would be excluded.

2.2. Clinical Variables.Within 24 hours of hospitalization, we
collect primary patient data, including sex, age, residence
(urban and rural), ethnicity, education, and marital status,
medical insurance information, vascular risk factors (smok-
ing status (nonsmokers, past smokers, and current smokers),
consumption of alcohol, family history of stroke, history of
transient ischemic attack (TIA), hypertension, diabetes,
hyperlipidemia, and atrial fibrillation), therapies before
admission (antihypertensive, hypoglycemic, anticoagulant,
and statins), and acute treatment (IV thrombolysis and/or
mechanical thrombectomy). We also record the following
measurement information: height and weight (body mass
index (BMI) was calculated based on height and weight,
and BMI ≥ 28 kg/m2 was defined as obesity), arterial pressure
(systolic and diastolic), body temperature, stroke severity at

admission (assessed by the National Institutes of Health
Stroke Scale (NIHSS) score (0-42, the higher the score, the
more serious the disease)) [24], and lesion size (brain MRI
was performed within 48 hours after admission to verify
the stroke diagnosis; the infarct volume was calculated by
using the formula 0:5 × a × b × c according to the diffusion-
weighted imaging (DWI) sequences) [25]. Trial of ORG
10172 in Acute Stroke Treatment (TOAST) classification
was used to classified ischemic strokes, which distinguishes
large-vessel occlusive, small-vessel occlusive, cardioembolic,
other, and unknown subtypes [26].

2.2.1. Blood Sampling and Follow-Up. Fasting serum samples
were routinely collected within the first 24 h after admission.
Those samples were stored at –80°C before being tested for
biomarkers. At discharge, length, cost, and treatment infor-
mation during hospitalization were recorded. A structured
follow-up telephone interview with the patient or the closest
relative was performed on day 90 after admission. The
patient’s survival information was recorded. The functional
outcome of surviving patients was assessed by the modified
Rankin Scale (mRS) score [27], blinded to clinical data and
laboratory tests. Patients were classified according to the
mRS scores: poor functional outcome (defined as an mRS
score of 3 to 6 points) and good outcome (defined as an
mRS score of 0 to 2 points) [28].

2.3. Laboratory Testing. The measurement of the serum level
of IL-10 was performed by the enzyme-linked immunosor-
bent assay (ELISA) sandwich method. The Human IL-10
ELISA Kit (No. ab100549) was used (Abcam plc., Shanghai,
201203, China). In this study, the testing sensitivity was
1.00 pg/mL, and the testing range was from 1.00 pg/mL to
100.00 pg/mL. The precision of intra-assay and interassay
was 8.0% and 9.5%, respectively. The serum level of IL-6
was also tested by the Human IL-6 ELISA Kit (No.
ab178013). In addition, serum levels of CRP, glucose, triglyc-
erides, total cholesterol, high-density lipoprotein (HDL), and
LDL (low-density lipoprotein) were also tested in our labora-
tory department.

2.4. Statistical Analysis. The study results were shown as the
number (percentage) for categorical variables and the
median (interquartile range (IQR)) for continuous variables.
Correlation analysis between IL-10 and different variables
was assessed by Spearman’s rank correlation. The Mann–
Whitney U test for continuous variables and chi-squared test
for categorical variables were used to compare differences
between groups. Stroke clinical severity at admission was
dichotomized as minor (NIHSS, 0-5), moderate (NIHSS, 6-
11), and severe (NIHSS ≥ 12) [29].

The prognostic determinant value of IL-10 for stoke
functional outcome and mortality was assessed, and the odds
ratios (OR) and 95% confidence intervals (CI) of the highest
quartile IL-10 level (vs. lowest three quartiles) as compared
with other risk factors were calculated by univariate and mul-
tivariate logistic regression analyses. In multivariate analysis,
we included age, sex, obesity, vascular risk factors, therapies
before admission, acute stroke treatment, stroke subtype,

2 Disease Markers



NIHSS at admission, infarct size, and serum levels of IL-6,
Hs-CRP, and glucose.

Receiver operating characteristic (ROC) curve analysis
was used to assess the cut-off value of IL-10 serum level as
an indicator for screening of poor outcome and mortality,
and results were reported as the area under the curve
(AUC) and 95% CI. Diagnostic sensitivity and specificity also
would be presented. Statistical software SPSS 24.0 (SPSS Inc.,
Chicago, IL, USA) was used for data statistics, and P values
less than 0.05 (two-tailed) were considered to indicate
significance.

2.5. Ethics Approval. The Ethics Committee of the First Affil-
iated Hospital of Jilin University reviewed and approved the
research protocol (2019-08-007). Before entering the group,
patients understood the research protocol, rights, and obliga-
tions and signed written informed consent. For patients who
could not provide signatures, family members’ signatures
were also acceptable.

3. Results

3.1. Patients. In the beginning, 331 patients with suspected
first-ever ischemic stroke entered the scope of our study;
247 patients with acute ischemic stroke were included at
admission. Finally, 236 patients with collected blood samples
finished follow-up and tested IL-10 (Figure 1). The basic
information of the enrolled patients was comparable to that
of all screened patients (age (P = 0:08), sex (P = 0:55), and
BMI (P = 0:21)).

3.2. Descriptive Characteristics of Included Patients. The
median age of the enrolled patients was 65 years (IQR, 56-
76), and 57.6% (n = 136) of the patients were male. Most of
the enrolled patients were Han (95.3%) and enjoyed medical
insurance (96.6%). The most common vascular risk factors
were hypertension (74.2%), diabetes (28.8%), and hyperlipid-
emia (26.7%). In addition, a history of atrial fibrillation
(10.2%), TIA (11.9%), and obesity (11.4%) were also uncom-
mon. At admission, the NIHSS score and the median infarct
size were 7 (IQR, 3–11) points and 15.8 (7.2-28.7) mL,
respectively. More than one in ten patients (13.3%) received
acute mechanical thrombectomy and/or IV thrombolysis
therapy during hospitalization. At discharge, the median
mRS score was 2 (IQR, 0-3), and the median length of hospi-
talization and hospitalization costs were 12 (9-17) days and
9988 (8315-14153) CNY, respectively. More information is
presented in Table 1.

3.3. Main Results. Serum IL-10 levels decreased with the
increasing severity of stroke (evaluation by NIHSS score). As
shown in Figure 2, there was a negative correlation between
NIHSS score and IL-10 serum levels (r ðSpearmanÞ = −0:221,
P = 0:001). Furthermore, serum IL-10 levels in minor stroke
patients with an NIHSS score of 0 to 5 points (N = 92) were
4.00 (IQR, 2.72-6.59) pg/mL, in moderate patients with an
NIHSS score of 6 to 11 (n = 98) were 3.49 (IQR, 2.65–5.14)
pg/mL, and in severe patients with an NIHSS score greater
than 11 (n = 46) were 2.95 (IQR, 2.23-4.59) pg/mL
(Figure 3). As shown in Table 2, negative correlations between
IL-10 serum levels and IL-6 (P = 0:012) and infarct size
(P = 0:033) were also reported, unlike all others assessed.

331 patients with first-ever AIS were
screened

247 patients with AIS were included at admission

236 patients finished follow-up and tested IL-10

5 lost in the 3-month follow-up
4 withdrawals of study
2 without blood collected

84 patients were excluded
32 were TIA
27 with onset of symptoms > 3 days
10 with Cerebral hemorrhage
7 without informed consent
2 with malignant tumor
2 with renal insufficiency
2 with surgery or trauma < 3 months
2 = autoimmune diseases

Figure 1: Research flow chart.
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Table 1: Characteristics of the included patients.

Characteristics†
Patients with

AIS

Participants N = 236
Age (years)

Median (IQR) 65 (56-76)

Mean age (SD) 65 (12.5)

Age groups

<40 5 (2.1)

40-59 75 (31.8)

60-79 121 (51.3)

≥80 35 (14.8)

Sex

Men 136 (57.6)

Women 100 (42.4)

Residence: urban 164 (69.5)

BMI (kg/m2)

Mean (SD) 24:4 ± 3:9
Median (IQR) 24.2 (22.5-25.7)

Ethnicity

Minority 11 (4.7)

Han 225 (95.3)

Education: college and above 35 (14.8)

Medical insurance 228 (96.6)

Marital status: married 224 (94.9)

Vascular risk factors

Smoking status

Nonsmokers 202 (85.6)

Past smokers 4 (1.7)

Current smokers 30 (12.7)

Consumption of alcohol 33 (14.0)

Family history of stroke 35 (14.8)

History of TIA 28 (11.9)

Hypertension 175 (74.2)

Diabetes 68 (28.8)

Hyperlipidemia 63 (26.7)

Atrial fibrillation 24 (10.2)

Obesity†† 27 (11.4)

Stroke severity, median NIHSS score (IQR) 7 (3-11)

DWI lesion size, median (mL) (IQR) 15.8 (7.2-28.7)

Median arterial pressure (mm Hg) (IQR)

Systolic 159 (145-167)

Diastolic 92 (80-106)

Median body temperature (°C) (IQR) 37.0 (36.5-37.5)

Stroke causative factors, n (%)

Large-vessel occlusive 69 (29.2)

Small-vessel occlusive 55 (23.3)

Cardioembolic 42 (17.8)

Other 18 (7.6)

Unknown 52 (22.0)

Table 1: Continued.

Characteristics†
Patients with

AIS

Therapies before admission, n (%)

Antihypertensive 142 (60.2)

Hypoglycemic 53 (22.5)

Anticoagulant 25 (10.6)

Statins 55 (23.3)

Acute treatment, n (%)

IV thrombolysis 28 (11.9)

Mechanical thrombectomy 5 (2.1)

Mechanical thrombectomy and/or IV
thrombolysis

31 (13.3)

Laboratory findings, median (IQR)

Serum IL-10 level (pg/mL) 3.51 (2.61-5.24)

Serum IL-6 level (ng/mL) 16.1 (12.1-20.8)

Serum Hs-CRP (mg/dL) 0.82 (0.24-1.48)

Serum glucose level (mmol/L) 5.96 (5.15-6.77)

Triglycerides (mmol/L) 1.44 (1.14-1.89)

Total cholesterol (mmol/L) 4.13 (3.36-5.02)

HDL (mmol/L) 1.31 (1.08-1.62)

LDL (mmol/L) 2.10 (1.38-2.78)

Hospital stays, median days (IQR) 12 (9-17)

Hospital costs, median CNY (IQR)
9988 (8315-

14153)

mRS at discharge, median (IQR) 2 (0-3)
†The results were presented as n (percentages) for categorical variables and
as mean (standard deviation (SD)) for continuous variables. ††Obesity was
defined as BMI ≥ 28:0 kg/m2. BMI: body mass index; CNY: Chinese Yuan
Renminbi; TIA: transient ischemic attack; IQR: interquartile range; SD:
standard deviation; NIHSS: National Institutes of Health Stroke Scale;
DWI: diffusion-weighted imaging; mRS: modified Rankin Scale; IL-6:
Interleukin-6; IL-10: Interleukin-10; Hs-CRP: hypersensitive-c-reactive-
protein; LDL: high-density lipoprotein; LDL: low-density lipoprotein.

Serum levels of IL-10 (pg/ml)
10.008.006.004.002.00.00

N
IH

SS
 sc
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e

25.00

20.00

15.00

10.00

5.00

.00

r (Spearman) = –0.221, P = 0.001

Figure 2: The correlation between NIHSS score and IL-10 serum
levels. NIHSS: National Institutes of Health Stroke Scale; IL-10:
Interleukin-10.
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3.4. IL-10 and Functional Outcome after 3 Months. At follow-
up, 70 patients (29.7%) had a poor functional outcome
(mRS > 2). In these patients, the median IL-10 serum level
was lower than in those patients with a good outcome (3.31
(IQR, 2.46-4.70) vs. 3.72 (IQR, 2.6-5.79); P = 0:033)
(Figure 4). The ORs of the highest quartile IL-10 level (vs.
lowest three quartiles) as compared with other risk factors
were calculated by univariate and multivariate logistic regres-
sion analyses. With an unadjusted OR of 0.20 (95% CI, 0.09–
0.42), IL-10 had a strong association with functional out-
comes. In multivariable models adjusted for age, sex, obesity,
vascular risk factors, therapies before admission, acute stroke
treatment, stroke subtype, NIHSS at admission, infarct size,
and serum levels of IL-6, Hs-CRP, and glucose, IL-10 levels
in the highest quartile (>5.24 pg/mL) were associated with a
reduced risk of a poor functional outcome (OR = 0:35; 95%
CI = 0:19–0.63; P < 0:001). Conversely, the IL-6 serum level
was positively associated with poor outcome (OR = 1:13;
95%CI = 1:04–1.21; P = 0:003) (Table 3).

In ROC curve analysis, we calculated the cut-off value of
IL-10 serum level as an indicator for screening of poor out-
come, as presented in Figure 5. The critical value was

5.11 pg/mL with an AUC of 0.59 (95% CI, 0.51–0.66), show-
ing a sensitivity of 87.14% and a specificity of 34.34%. With
an AUC of 0.59, IL-10 was superior to CRP (AUC, 0.55;
95% CI, 0.50–0.59; P = 0:001) and white blood cell count
(AUC, 0.53; 95% CI, 0.48-0.59; P < 0:001) and was within
the range of the IL-6 (AUC, 0.61; 95% CI, 0.54-0.69; P =
0:103).

3.5. IL-10 and Death after 3 Months. Twenty-four patients
died during the follow-up. In these patients, the median IL-
10 serum level was lower than in those surviving patients
(2.91 (IQR, 1.90-4.05) vs. 3.55 (IQR, 2.67-5.37); P = 0:006)
(Figure 6). The ORs of the highest quartile IL-10 level (vs.
lowest three quartiles) as compared with other risk factors
were also calculated by univariate and multivariate logistic
regression analyses. With an unadjusted OR of 0.14 (95%
CI, 0.06–0.30), IL-10 had a strong association with mortality.
In multivariable models adjusted for age, sex, obesity, vascu-
lar risk factors, therapies before admission, acute stroke treat-
ment, stroke subtype, NIHSS at admission, infarct size, and
serum levels of IL-6, Hs-CRP, and glucose, IL-10 levels in
the highest quartile (>5.24 pg/mL) were associated with a
reduced risk of mortality (OR = 0:24; 95%CI = 0:11–0.52;
P < 0:001). Conversely, the IL-6 serum level was positively
associated with poor outcome (OR = 1:16; 95%CI = 1:02–
1.25; P = 0:002) (Table 3).

In ROC curve analysis, we calculated the cut-off value of
the IL-10 serum level as an indicator for screening of death
events as presented in Figure 7. The critical value was
2.54 pg/mL with an AUC of 0.67 (95% CI, 0.55–0.79), show-
ing a sensitivity of 50.00% and a specificity of 81.13%. With
an AUC of 0.67, IL-10 was superior to CRP (AUC, 0.61;
95% CI, 0.54–0.69; P < 0:001) and white blood cell count
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Figure 3: Serum IL-10 levels in groups stratified by stroke severity.
All data are medians (IQR). P values refer to Mann–Whitney U
tests. IL-10: Interleukin-10; IQR: interquartile ranges.

Table 2: Correlation analysis between IL-10 and different variables.

Variables r Spearmanð Þ P

Age 0.052 0.425

Sex -0.081 0.215

NIHSS -0.221 0.001

Infarct size -0.142 0.033

IL-6 -0.166 0.012

Hs-CRP -0.108 0.103

Serum glucose 0.067 0.315

Stroke causative factors 0.134 0.044

NIHSS: National Institutes of Health Stroke Scale; IL-6: Interleukin-6; IL-10:
Interleukin-10; Hs-CRP: hypersensitive-c-reactive-protein.
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Figure 4: Serum IL-10 levels in groups stratified by the functional
outcome. Poor functional outcome was defined as an mRS score
of 3 to 6 points, and good outcome was defined as an mRS score
of 0 to 2 points. All data are medians (IQR). P values refer to
Mann–Whitney U tests. IL-10: Interleukin-10; IQR: interquartile
ranges; mRS: modified Rankin Scale.
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(AUC, 0.57; 95% CI, 0.50-0.68; P < 0:001) and was within the
range of the IL-6 (AUC, 0.69; 95% CI, 0.60-0.81; P = 0:075).

4. Discussion

IL-10, a quintessential immunosuppressive anti-
inflammatory cytokine, can resolve inflammation and pro-
mote wound repair at peripheral sites. In this prospective,
cohort study, we found that low serum levels of IL-10 were

independently associated with both the clinical severity at
admission and a poor functional prognosis in ischemic stroke
patients, suggesting that the anti-inflammatory cytokine IL-
10 was an important prognostic determinant.

In patients with ischemic stroke, the role of IL-10 in pre-
dicting risk and outcomes is not very clear [30]. In the limited
number of clinical studies, higher IL-10 levels seen postictus
are related to worse outcomes [20, 21]. However, in this
study, we showed that elevated IL-10 was associated with a
more favorable prognosis, which had been supported by
two previous studies [18, 19]. Similarly, reduced IL-10 serum
levels were associated with a more unfavorable prognosis in
patients with acute coronary syndromes [31]. IL-10 was an
early outcome predictor in traumatic brain injury patients
[32]. The differences in these studies might be caused by dif-
ferences in the number of patients, time of onset of the dis-
ease, population, testing methods, and reagents. Additional
large sample and multicenter studies assessing the role of
IL-10 in ischemic stroke are warranted.

Welsh et al. [33] found that baseline circulating levels of
IL-10 were positively associated with the risk of cardiovascu-
lar events among the elderly without prior cardiovascular
events. Another study showed that the elevated serum IL-
10 levels were related to the presence of depressive mood in
patients with cardiovascular risk factors [34]. Dziedzic et al.
[35] demonstrated that increased serum levels of IL-10 were
significantly correlated with the Glasgow Coma Scale score in

Table 3: Multivariate analysis of predictors of poor functional outcome (Rankin 3–6) and mortality†.

Variables
Poor functional outcome Mortality

OR 95% CI P OR 95% CI P

Age (increase per unit) 1.07 1.02-1.14 0.002 1.08 1.02-1.15 <0.001
Stroke severity, NIHSS > 6 15.14 3.03-30.11 <0.001 10.15 2.25-22.32 0.009

Acute stroke treatment 0.50 0.20-0.85 0.005 0.26 0.12-0.61 <0.001
IL-10 > 5:24 pg/mL‡ 0.35 0.19-0.63 <0.001 0.24 0.11-0.52 <0.001
IL-6 (increase per unit) 1.13 1.04-1.21 0.003 1.16 1.02-1.25 0.002

Obesity (BMI ≥ 28 kg/m2) 1.85 1.05-2.82 0.032 2.05 1.07-4.05 0.183
†Multivariable model included the following variables: age, sex, obesity, vascular risk factors, therapies before admission, acute stroke treatment, stroke subtype,
NIHSS at admission, infarct size, and serum levels of IL-6, Hs-CRP, and glucose. ‡IL-10 ≤ 5:24 pg/mL corresponding to the combination of the lowest three
quartiles used as the reference. OR: odds ratio; CI: confidence interval; NIHSS: National Institutes of Health Stroke Scale; IL-6: Interleukin-6; IL-10:
Interleukin-10; Hs-CRP: hypersensitive-c-reactive-protein.
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intracerebral hemorrhage patients. In addition, the tempor-
ospatial expression of IL-10 in the rat brain may contribute
to worse outcomes [36]. The IL-10 level in serum did not
show any significant correlation with the NIHSS score at
the time of admission [37], which was not confirmed in our
study.

The neuroprotective role of IL-10 in an experimental
mouse stroke model had been verified [38]. Administration
of hematopoietic cytokines could increase the expression of
IL-10, which might provide a favorable microenvironment
for neurogenesis after ischemic stroke [39]. A meta-analysis
study showed that reduced serum levels of IL-10 might be a
major player in the development and progression of cerebral
infarction [40]; another cross-sectional study found that the
lower serum IL-10 concentration and its selected genetic var-
iations were significantly associated with an increased likeli-
hood of ischemic stroke [41]. Serum levels of IL-10 in
patients with unstable angina were significantly lower than
those with chronic stable angina, suggesting that IL-10 has
a protective role in atherosclerosis [42].

The elevated level of IL-10 in ischemic stroke patients
might play a neuroprotective role through the following
pathways: (1) the IL-10/STAT3 axis presents anti-
inflammatory activities [43]. The use of anti-inflammatory
medications might improve the prognosis following ischemic
stroke. (2) IL-10 can play roles in limiting neuronal damage
[43], increasing neuronal survival [44], and regulating adult
neurogenesis [45]. IL-10 also can reduce the vulnerability of
neurons to CNS ischemia and trauma [46]. (3) IL-10 could
promote the activity of M2 macrophages in adipose tissue
[47] or act directly on adipocytes to decrease their inflamma-
tory response [48]. Cell-based therapies using M2-like mac-
rophages could be protective therapeutic strategies against
stroke [49]. Li et al. [50] showed that IL-10 could regulate
microglial phagocytosis and macrophage infiltration after
intracerebral hemorrhage by regulating CD36. Adipocyte
fatty acid-binding protein plays a role in the stroke prognosis
[51]. (4) IL-10 could provide neuroprotection by acting via
IL-10 receptor and PI3K/AKT and STAT3 signal transduc-
tion pathways [52].

The following limitations need to be considered: (1)
single-center and small sample (N = 236) researches need
further verification. More samples with subtle designs are
warranted in the future. (2) This cohort observational study
cannot draw causal conclusions. (3) Blood samples were col-
lected one time after admission. We could not obtain the
change in serum IL-10 concentration after the onset of stroke
patients. (4) We only tested serum levels of IL-10; other
members of the IL-10 cytokine family, such as IL-19, IL-20,
IL-22, and IL-24 [53], were not assessed. Thus, the relation-
ship between IL-10, IL-10 cytokine family, and stroke prog-
nosis could not be performed. (5) A meta-analysis indicated
that IL-10-1082 A/G polymorphism was associated with
ischemic stroke susceptibility in Asians [54]. However, in this
study, the genetic polymorphism of IL-10 was not texted.
Thus, the role of genetic polymorphism of IL-10 in stroke
prognosis could not be confirmed. (6) IL-10 plays an impor-
tant role in the cardiovascular system, and the blood, diges-
tion, and especially diseases of the cardiovascular system

are closely related [55]. However, we did not obtain that
information in our study. Thus, the influence of other factors
on IL-10 and stroke prognosis could not be excluded.

5. Conclusions

Reduced serum levels of IL-10 were independently associated
with both the clinical severity at admission and a poor func-
tional prognosis in ischemic stroke patients, suggesting that
the anti-inflammatory cytokine IL-10 was an important
prognostic determinant. Further studies are warranted to
confirm whether the protective association of IL-10 with
prognosis represents a causal pathway involved in the patho-
genesis or the predictive effect of poor prognosis on ischemic
stroke patients. This study may open up new strategies for
the treatment and secondary prevention of stroke in the
future.
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