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ABSTRACT
Background: Long non-coding RNAs are likely to have a role in the pathogenesis of many 
diseases, including cancer. We hypothesised an effect of certain ANRIL single nucleotide 
polymorphisms (SNPs) in papillary thyroid cancer.
Methods: Genomic ANRIL SNPs in rs11333048, rs4977574, rs1333040 and rs10757274 were 
determined in 134 papillary thyroid cancer patients and 155 age- and sex-matched controls.
Results: None of the ANRIL SNPs were individually linked to papillary thyroid cancer. However, the 
AAAC haplotype (A from rs11333048, A from rs4977574, A from rs1333040 and C from rs10757274, 
respectively) showed a protective effect from papillary thyroid cancer whilst the CAAC and CAGT 
haplotypes were associated with cancer. The rs1333048 CC variant was more frequent in patients 
with larger tumour size (≥1 cm) in a recessive model (OR 3.4 [95%CI, 1.1–11], P = 0.035). The 
rs4977574 AC variant was associated with smaller tumour size in an over-dominant model (OR 0.4 
[95%CI, 0.2–1.0], P = 0.041). SNPs in rs10757274 (AA: p = 0.045) and rs1333040 (CC: p = 0.019) are 
linked to a lower likelihood of III–IV cancer stages in dominant or codominant models.
Conclusions: Certain haplotypes of ANRIL SNPs are associated with papillary thyroid cancer. 
ANRIL rs1333048 and rs4977574 variants were associated with larger and smaller tumour sizes, 
respectively. rs10757274 and rs1333040 variants might lead to lower III–IV cancer stages. These 
SNPs may be important in the diagnosis of this form of thyroid cancer.
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Introduction

Thyroid cancer is the most common endocrine malig
nancy whose worldwide incidence has sharply increased 
in recent years with more than 50,000 new cases diag
nosed in 2018 [1]. Papillary thyroid cancer is the most 
common histological type, comprising 85% of cases [2], 
risk factors including radiation exposure (during child
hood), nodular disease of the thyroid and a family history 
[3]. Several gene single nucleotide polymorphisms (SNPs) 
have been implicated in its carcinogenesis, tumour sup
pression, tumour growth, invasion, and metastasis [4–6].

Although ~75% of the human genome is transcribed 
into RNAs, <2% is ultimately translated into protein, 
indicating that ~98.5% of genomic DNA is composed 
of non-coding RNAs (ncRNAs), one form being long-non 
coding RNAs (lncRNAs) [7–9]. Numerous studies have 
showed that these molecules are involved in various 
biological and pathological processes, including devel
opment, proliferation, metastasis, fate decision, invasion 
and migration. These processes play critical roles in 
a wide range of the regulation of gene expression, 
chromatin remodelling, transcription, and posttranscrip
tional processing, whilst certain lncRNAs may act as 
tumour suppressors or oncogenes in the development 
of many human cancers [10–12].

Many lncRNAs, including MALAT1, HOTAIR and ANRIL, 
are associated with various disorders such as cancer [9]. 
ANRIL (CDKN2B antisense RNA 1) has a large gene with 
an estimated size of 126.3kb, located at 9p21, a region 
that encodes tumour suppressors, including p16INK4a, 
p14ARF and p15INK4b [13]. Dysregulated ANRIL is pre
sent in hepatocellular carcinoma, lung cancer and blad
der cancer [14–16]. In the meta-analysis of Gao et al., 
abnormal expression of the majority of lncRNAs was 
significantly associated with the survival of gastric cancer 
patients [17]. Xiang et al. demonstrated that aberrant 
expression of many lncRNAs may be biomarkers of thyr
oid cancer [18], whilst Zhu et al. reported that the Onco- 
lncRNA HOTAIR rs920778T allele is linked to papillary 
thyroid cancer and an increase in HOTAIR RNA expression 
[19]. Other studies have investigated links between 
lncRNAs SNPs and papillary thyroid cancer [20,21]. We 
hypothesised links between ANRIL SNPs and papillary 
thyroid cancer and certain of its clinical features.

Materials and methods

We tested our hypothesis in a case-control study of 
134 patients with papillary thyroid cancer and 155 
sex- and age-matched controls with no history of any 
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type of cancer or other diseases. All cases and con
trols were recruited from the Ali-ebn AbiTaleb 
Hospital, Zahedan, Iran, between January 2016 and 
February 2017. Papillary thyroid cancer was diag
nosed according to fine needle aspiration cytology 
and was confirmed by two pathologists. Exclusion 
criteria were other thyroid diseases, thyroid surgery, 
neck irradiation or exposure to iodinated contrast 
media in the last 6 months, and other cancer [22]. 
The local Ethics Committee of Zahedan University of 
Medical Sciences approved the project (IR.ZAUMS. 
REc.1397.36), and written informed consent was 
obtained from all the participants.

The human genomic DNA was isolated from 500 μl 
K2 EDTA-treated peripheral blood using the salting out 
method and stored at −20 °C in nuclease-free distilled 
water. Polymerase chain reaction-restriction fragment 
length polymorphism (PCR-RFLP) was used to geno
type four SNPs in ANRIL (rs11333048 A > C, rs4977574 
A > G, rs10757274 A > G and rs1333040 C > T) as 
previously described [22]. The primer sequences, 
restriction enzymes and the amplicon sizes are dis
played in Table 1. PCR amplification was performed in 
a final volume of 18 μL, which contained 9 µl of 2X 
master mix, 1 μL each primer (10 μM), 6 μL deionized 
water and 1 μL template DNA (∼100 ng/μL). The 
cycling program and primer sequences, restriction 
enzymes and the amplicon sizes have been described 
[23,24]. The digested fragments were separated by 2% 
agarose gel electrophoresis which stained with Sybr 
green.

Statistical analyses were performed using SPSS soft
ware (SPSS Inc, Chicago, IL, USA). Clinical and demo
graphic characteristics of the both groups were 
evaluated using Student’s t-test or Fisher’s exact test. 
The associations between ANRIL genotypes and risk of 
PTC or its clinical features were estimated by computing 
the odds ratio (OR) and their 95% confidence intervals 
(95% CI) by logistic regression analyses. HaploView was 
used for analysis of the effect of each haplotype on PTC 
and Linkage Disequilibrium.

Results

The cases and controls were age (34.6 ± 11.9 vs 
35.1 ± 11.6 years, respectively, P = 0.641) and sex (males 
18.7% in cases and 19.3% in controls (P = 0.995)) 

matched. The clinical features of PTC group are presented 
in Table 2. There were no differences in genotypes of 
ANRIL rs1333048, rs4977574, rs10757274 and rs1333040 
SNPs between cases and controls in codominant, domi
nant, recessive and over-dominant models (Table 3). 
Haplotype analysis indicated that AAAC haplotype was 
more frequent in control than PE women (24.3 vs 15.1 %) 
and associated with a decreased risk of PTC (P = 
0.006). However, in combination, the CAAC (C from 
rs1333048, A from rs4977574, A from rs10757274 and 
C from rs1333040) and CAGT haplotypes were more 
frequent in papillary thyroid cancer than in controls at 
7.6 vs 3.6% (p = 0.034) and 7.3 vs 3.2% (p = 0.025).

The possible association of tumour size and stage 
and rs1333048, rs4977574, rs10757274 and rs1333040 
SNPs were sought in codominant, dominant, recessive 
and over-dominant models (Table 4). The frequency of 
rs1333048 CC genotype was higher than AA genotype 

Table 1. The PCR-RFLP information of ANRIL polymorphisms.
Polymorphism Chr: position Restriction enzyme Fragment length (bp) PCR primers (5ʹ→3ʹ) Annealing (c)

rs1333048 22125348 Dra I AA: 84 and 68 pb CC: 152 bp F:ACCCGAAGTAGAGCTGCAAA 
R:CACAAGTTGGAATATGAAGCAGA

51

rs4977574 22098575 Hin6I AA: 308 pb GG: 270 bp F: GGTAGCCCACCACTCCCCTAAAG 
R: ATCAGCTGCCTGTCCTTGGACTA

50

rs10757274 22096056 BsmAI AA:172 and 78bp GG: 250 bp F:GTTTCTGCACATGGTGATGG 
R:CTGCCTCACTCTCCAGTTCC

59

rs1333040 22083405 BsmI CC: 220 and 166 pb TT: 386bp F:CATACAGAGATGAACTAACTTGCTC 
R:GAGATTCTGATTCAGAATATTCAAG

52

Table 2. Demographic and clinical characteristics of papillary 
thyroid cancer (PTC) patients.

Clinical characteristics
PTC 

n = 134

Location 
Right Lobe 
Left Lobe 
Both Lobes

59(44) 
61(45.5) 
14(10.5)

Tumour Size 
<1 cm 
≥1 cm

26(19.4) 
94(70.2)

Unknown 14(10.4)
TNM stage 
I 
II 
III 
IV 
Unknown

78(58.2) 
15(11.2) 
13(9.7) 
10(7.5) 

18(13.4)
N stage 
N0 
N1 
Unknown

79(59) 
36(26.9) 
19(14.1)

M stage 
M0 
M1 
Unknown

109(81.3) 
6(4.5) 

19(14.2)
Vascular invasion 
Positive 
Negative 
Unknown

18(13.4) 
99(73.9) 
17(12.7)

Capsular invasion 
Positive 
Negative 
Unknown

19(14.2) 
97(72.4) 
18(13.4)

Extrathyroidal expansion 
Positive 
Negative 
Unknown

15(11.2) 
99(73.9) 
20(14.9)
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in patients with a larger tumour size (≥1 cm). In addition, 
this SNP was associated with larger tumour size in 
a recessive model. The rs4977574 AG genotype was 
more frequent in patients with smaller tumour size 
(<1 cm) and this SNP may protect patients from a larger 
tumour size in an over-dominant model. The frequency 
of rs10757274 AG was associated with a lower risk of 
higher cancer stages (III–IV) in a dominant model. 
Moreover, the rs1333040 SNP was associated with 
a lower risk of stages III–IV in codominant (TT vs CC) 
and dominant (CT+TT v CC) models.

Discussion

We tested the hypothesis that there are differences in 
certain ANRIL rs1333048, rs4977574, rs10757274 and 
rs1333040 SNPs in papillary thyroid cancer. Although 
we found no relationship between individual variants 
and the disease, there were differences when SNPs 
were combined. Our data suggest that the AAAC 

haplotype could be a protective factor, and the CAAC 
and CAGT haplotypes could be risk factors for papillary 
thyroid cancer. ANRIL rs1333048 SNP was associated 
with a larger tumour size in a recessive model whilst 
rs4977574 SNP was associated with smaller tumour 
size in an over-dominant model. Finally, rs10757274 
and rs1333040 SNPs may be related to III–IV cancer 
stages in dominant or codominant models.

LncRNAs are involved in regulating and control
ling various biological processes, such as in the 
regulatory mechanisms of gene expression in tran
scriptional or post-transcriptional stages [8,11]. 
Some, such as CCAT2 and HOTTIP, may be act as 
oncogenes [25,26], while others, including GAS5 
and ANRIL, play a tumour-suppressor role [12,27]. 
Several studies have suggested that aberrant 
expression of lncRNAs is involved in different 
malignancies, including gastric, colorectal, and 
papillary thyroid carcinoma [28–30]. Various papil
lary thyroid cancer-related lncRNAs, and their 

Table 3. Allelic and genotypic frequency of ANRIL polymorphisms in 134 papillary thyroid cancer patients and 155 controls.

N(%)
Co-dominant 

OR (95%CI) p value
Dominant 

OR (95%CI) p value
Recessive 

OR (95%CI) p value
Over-dominant 

OR (95%CI) p value

rs1333048 A/C AA AC CC AC vs AA CC vs AA AC+CC vs AA CC vs AC + AA AC vs AA+ CC
Controls 29(18.7) 77(49.7) 49(31.6)
Cases 17(12.7) 69(51.5) 48(35.8) 1.53(0.77–3.02) 

0.222
1.67(0.81–3.42) 

0.162
1.58(0.83–3.03) 

0.165
1.21(0.74–1.97) 

0.450
1.08(0.68–1.71) 

0.758
rs4977574 A/G AA AG GG AG vs AA GG vs AA AG +GG vs AA GG vs AG+ AA AG vs AA+ GG
Controls 42(27.1) 70(45.2) 43(27.7)
Cases 46(34.3) 58(43.3) 30(22.4) 0.76(0.44–1.30) 

0.315
0.64(0.34–1.19) 

0.158
0.69(0.42–1.14) 

0.144
0.75(0.44–1.29) 

0.297
0.90(0.56–1.43) 

0.654
rs10757274 A/G AA AG GG AG vs AA GG vs AA AG +GG vs AA GG vs AG+ AA AG vs AA+ GG
Controls 37(23.9) 77(49.7) 41(26.5)
Cases 36(26.9) 56(41.8) 42(31.3) 0.75(0.42–1.33) 

0.320
1.05(0.56–1.98) 

0.873
0.85(0.50–1.45) 

0.559
1.27(0.76–2.12) 

0.360
0.75(0.47–1.19) 

0.225
rs1333040 C/T CC CT TT CT vs CC TT vs CC CT+ TT vs CC TT vs CT + CC CT vs CC + TT
Controls 28(18.1) 61(39.4) 66(42.6)
Cases 23(17.2) 55(41) 56(41.8) 1.09(0.57–2.13) 

0.782
1.03(0.54–1.99) 

0.923
1.06(0.58–1.95) 

0.841
0.97(0.61–1.55) 

0.892
1.11(0.69–1.77) 

0.674

OR = odds ratio; CI = confidence interval.

Table 4. Association of ANRIL polymorphisms with clinical characteristics of papillary thyroid carcinoma.
OR (95% CI) p value

Characteristics Codominant Dominant Recessive Over-dominant

rs1333048 A/C AA AC CC AC vs AA CC vs AA AC+CC vs AA CC vs AC + AA AC vs AA+ CC
Tumour size, cm
<1 6(23.1) 16(61.5) 4(15.4)
≥1 11(11.7) 47(50.0) 36(38.3) 1.60 (0.51–5.04) 

0.420
4.91 (1.17–20.60) 

0.030
2.26 (0.75–6.86) 

0.148
3.41 (1.09–10.71) 

0.035
0.63 (0.26–1.52) 

0.299
rs4977574 A/G AA AG GG AG vs AA GG vs AA AG +GG vs AA GG vs AG+ AA AG vs AA+ GG
Tumour size, cm
<1 6(23.1) 15(57.7) 5(19.2)
≥1 38(40.4) 34(36.2) 22(23.4) 0.36 (0.13–1.03) 

0.056
0.70 (0.19–2.54) 

0.582
0.42 (0.16–1.15) 

0.092
1.28 (0.43–3.80) 

0.653
0.40 (0.16–0.96) 

0.041
rs10757274 A/G AA AG GG AG vs AA GG vs AA AG +GG vs AA GG vs AG+ AA AG vs AA+ GG
TNM stage
I–II 22(23.7) 40(43) 31(33.3)
III–IV 10(45.4) 6(27.3) 6(27.3) 0.33 (0.11–1.03) 

0.056
0.43 (0.14–1.35) 

0.146
0.37 (0.14–0.98) 

0.045
0.75 (0.27–2.11) 

0.585
0.48 (0.17–1.32) 

0.155
rs1333040C/T CC CT TT CT vs CC TT vs CC CT+ TT vs CC TT vs CT + CC CT vs CC + TT
TNM stage
I–II 13 [14] 40(43) 40(43)
III–IV 8(36.4) 8(36.4) 6(27.3) 0.33 (0.10–1.04) 

0.058
0.24 (0.07–0.83) 

0.024
0.28 (0.10–0.81) 

0.019
0.50 (0.18–1.38) 

0.181
0.73 (0.28–1.89) 

0.511
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clinical significance and function have been identi
fied. Huang et al. showed that overexpression of 
CASC2 leads to suppressed cell proliferation and 
promoted apoptosis in papillary thyroid cancer 
[30], whilst Chen et al. reported that CNALPTC1 is 
upregulated in papillary thyroid cancer and is asso
ciated with aggressive clinical characteristics [31]. 
A meta-analysis by Xiang et al. demonstrated that 
aberrant expression of many lncRNAs may be bio
markers for thyroid cancer [18].

Zhao et al. described significant roles of ANRIL in 
the development of invasion and metastasis of thyr
oid cancer cells by reduced expression of tumour 
suppressor gene p15INK4b through inhibiting trans
forming growth factor (TGF)-β/Smad signalling path
way [32]. In addition, Liu et al. showed that ANRIL 
was up-regulated, associated with poor prognosis 
and promoted tumorigenesis of oral squamous cell 
carcinoma [33] whilst Cheng et al. showed that 
knockdown of ANRIL expression significantly reduced 
the proliferation, migration and invasion of osteosar
coma cells in vitro and demonstrated that it might 
play a role in the cellular biology and oncogenesis of 
osteosarcoma cells [34]. Similarly, Huang et al. 
reported that the expression of ANRIL is increased 
in hepatocellular carcinoma [14]. ANRIL has been 
identified as an oncogene in a number of malignan
cies, such as bladder cancer, hepatocellular carci
noma, and oesophageal squamous cell carcinoma 
[14,16,35]. Heidari et al. showed that let7a-2 
rs1143770 CT and TT SNPs are linked to papillary 
thyroid cancer [36].

The findings of a meta-analysis by Huang et al. 
showed that three polymorphisms (rs1333048, 
rs4977574, and rs10757278) of ANRIL but not 
rs1333045 were linked with cancer [37], whilst Taheri 
et al. showed similar findings with prostate cancer [38] 
and Timofeeva et al. demonstrated that rs1333040 is 
associated with squamous cell carcinoma [39]. 
Although there are few studies which investigate the 
association between ANRIL genetic variants and the 
risk of cancer, several studies have examined associa
tion between these variants and the risk of athero
sclerosis [40].

We recognise some limitations to our data. For 
example, the relatively small sample size in analysis 
of genotypes with respect to histological features 
and lack of an ANRIL expression assay. Further stu
dies are still needed to evaluate these findings. 
Indeed, similar studies with different ethnic groups 
are necessary to confirm or refute our results. Our 
data represent an advance in biomedical science 
because it points to roles for combinations of 
ANRIL rs1333048, rs4977574, rs10757274 and 
rs1333040 SNPs in the diagnosis and staging of 
papillary thyroid cancer.

Summary table

What is known about this subject?
● Altered expression of certain lncRNAs is present in a numberof 

cancers.
● LncRNA ANRIL expression is altered in bladder, lung andhepatocel

lular carcinoma.
What this work adds
● Individually, ANRIL variants rs11333048, rs4977574, rs1333040 and 

rs10757274 are not linked to papillary thyroid cancer.
● Haplotype combinations of these variants can diagnose papillary 

thyroid cancer.
● ANRIL variants are linked to tumour size or the stage of the papillary 

thyroid cancer.

Acknowledgements

We would like to thank the research deputy of Zahedan 
University of Medical Sciences for support of this project 
no.8762 (IR. ZAUMS. REC.1397.36). We wish to thank the 
contribution of the study participants in this research.

Disclosure statement

The authors declare that they have no conflict of interest.

Funding

This work was supported by the Zahedan University of 
Medical Sciences [IR. ZAUMS. REC.1397.36].

References

[1] Lim H, Devesa SS, Sosa JA, et al. Trends in thyroid 
cancer incidence and mortality in the United States, 
1974-2013. JAMA. 2017;317:1338–1348.

[2] Mao Y, Xing M. Recent incidences and differential 
trends of thyroid cancer in the USA. Endocr Relat 
Cancer. 2016;23:313–322.

[3] Schneider AB, Sarne DH. Long-term risks for thyroid 
cancer and other neoplasms after exposure to 
radiation. Nat Rev Endocrinol. 2005;1:82.

[4] Romei C, Elisei R. RET/PTC translocations and clinico- 
pathological features in human papillary thyroid 
carcinoma. Front Endocrinol (Lausanne). 2012;3:54.

[5] George N, Agarwal A, Kumari N, et al. Mutational profile of 
papillary thyroid carcinoma in an endemic goiter region 
of North India. Indian J Endocrinol Metab. 2018;22:505.

[6] Xing M. Gene methylation in thyroid tumorigenesis. 
Endocrinology. 2007;148:948–953.

[7] Djebali S, Davis CA, Merkel A, et al. Landscape of 
transcription in human cells. Nature. 2012;489:101.

[8] Mattick JS, Makunin IV. Small regulatory RNAs in 
mammals. Hum Mol Genet. 2005;14:R121–R32.

[9] Tano K, Akimitsu N. Long non-coding RNAs in cancer 
progression. Front Genet. 2012;3:219.

[10] Mercer TR, Dinger ME, Mattick JS. Long non-coding RNAs: 
insights into functions. Nat Rev Genet. 2009;10:155.

[11] Meseure D, Drak Alsibai K, Nicolas A, et al. Long non
coding RNAs as new architects in cancer epigenetics, 
prognostic biomarkers, and potential therapeutic 
targets. Biomed Res Int. 2015;2015:1–14.

BRITISH JOURNAL OF BIOMEDICAL SCIENCE 61



[12] Li Z, Yu X, Shen J. ANRIL: a pivotal tumor suppressor 
long non-coding RNA in human cancers. Tumor Biol. 
2016;37:5657–5661.

[13] Pasmant E, Laurendeau I, Héron D, et al. Characterization 
of a germ-line deletion, including the entire INK4/ARF 
locus, in a melanoma-neural system tumor family: identi
fication of ANRIL, an antisense noncoding RNA whose 
expression coclusters with ARF. Cancer Res. 2007;67: 
3963–3969.

[14] Chen W-M, Qi F-Z, Xia R, et al. Long non-coding RNA 
ANRIL is upregulated in hepatocellular carcinoma and 
regulates cell proliferation by epigenetic silencing of 
KLF2. J Hematol Oncol. 2015;8:57.

[15] Nie F-Q, Sun M, Yang J-S, et al. Long noncoding RNA 
ANRIL promotes non–small cell lung cancer cell pro
liferation and inhibits apoptosis by silencing KLF2 and 
P21 expression. Mol Cancer Ther. 2015;14:268–277.

[16] Zhu H, Li X, Song Y, et al. Long non-coding RNA ANRIL 
is up-regulated in bladder cancer and regulates blad
der cancer cell proliferation and apoptosis through the 
intrinsic pathway. Biochem Biophys Res Commun. 
2015;467:223–228.

[17] Gao S, Zhao Z-Y, Wu R, et al. Prognostic value of long 
noncoding RNAs in gastric cancer: a meta-analysis. 
Onco Targets Ther. 2018;11:4877.

[18] Jing W, Li X, Peng R, et al. The diagnostic and prog
nostic significance of long noncoding RNAs expression 
in thyroid cancer: a systematic review and 
meta-analysis. Pathol Res Pract. 2018;214:327–334.

[19] Zhu H, Lv Z, An C, et al. Onco-lncRNA HOTAIR and its 
functional genetic variants in papillary thyroid 
carcinoma. Sci Rep. 2016;6:31969.

[20] Jendrzejewski J, He H, Radomska HS, et al. The poly
morphism rs944289 predisposes to papillary thyroid 
carcinoma through a large intergenic noncoding RNA 
gene of tumor suppressor type. Proc Nat Acad Sci. 
2012;109:8646–8651.

[21] Jendrzejewski J, Thomas A, Liyanarachchi S, et al. 
PTCSC3 is involved in papillary thyroid carcinoma devel
opment by modulating S100A4 gene expression. J Clin 
Endocrinol Metab. 2015;100:E1370–E7.

[22] Maruei-Milan R, Heidari Z, Salimi S. Role of MDM2 
309T> G (rs2279744) and I/D (rs3730485) polymorph
isms and haplotypes in risk of papillary thyroid carci
noma, tumor stage, tumor size, and early onset of 
tumor: A case control study. J Cell Physiol. 2019 
Aug;234(8):12934–12940.

[23] Cao X-L, Yin R-X, Huang F, et al. Chromosome 9p21 
and ABCA1 genetic variants and their interactions on 
coronary heart disease and ischemic stroke in 
a Chinese Han population. Int J Mol Sci. 2016;17:586.

[24] Esparragón FR, Companioni O, Bello MG, et al. 
Replication of relevant SNPs associated with cardio
vascular disease susceptibility obtained from GWAs in 
a case-control study in a Canarian population. Dis 
Markers. 2012;32:231–239.

[25] Lian Y, Cai Z, Gong H, et al. HOTTIP: a critical oncogenic 
long non-coding RNA in human cancers. Mol Biosyst. 
2016;12:3247–3253.

[26] Li Z, Shen J, Chan MT, et al. TUG 1: a pivotal oncogenic 
long non-coding RNA of human cancers. Cell Prolif. 
2016;49:471–475.

[27] Ma C, Shi X, Zhu Q, et al. The growth arrest-specific 
transcript 5 (GAS5): a pivotal tumor suppressor long 
noncoding RNA in human cancers. Tumor Biol. 
2016;37:1437–1444.

[28] Chen J, Liu S, Hu X. Long non-coding RNAs: crucial reg
ulators of gastrointestinal cancer cell proliferation. Cell 
Death Discov. 2018;4. DOI:10.1038/s41420-018-0051-8

[29] Wang J, Du S, Wang J, et al. The prognostic value of 
abnormally expressed lncRNAs in colorectal cancer: A 
meta-analysis. PloS One. 2017;12:e0179670.

[30] Huang F, Zhang Q, Chen W, et al. Long noncoding RNA 
cancer susceptibility candidate 2 suppresses papillary 
thyroid carcinoma growth by inactivating the AKT/ 
ERK1/2 signaling pathway. J Cell Biochem. 2019 
Jun;120(6):10380–10390.

[31] Chen C, Zhou L, Wang H, et al. Long noncoding RNA 
CNALPTC1 promotes cell proliferation and migration 
of papillary thyroid cancer via sponging miR-30 family. 
Am J Cancer Res. 2018;8:192.

[32] Zhao -J-J, Hao S, Wang -L-L, et al. Long non-coding 
RNA ANRIL promotes the invasion and metastasis of 
thyroid cancer cells through TGF-β/Smad signaling 
pathway. Oncotarget. 2016;7:57903.

[33] Liu F, Liu S, Chen L, et al. Up-regulation of the long 
non-coding RNA ANRIL indicates poor prognosis and 
promotes tumorigenesis in oral squamous cell 
carcinoma. Int J Clin Exp Pathol. 2017;10:6900–6905.

[34] Cheng S, Huang T, Li P, et al. Long non-coding RNA 
ANRIL promotes the proliferation, migration and inva
sion of human osteosarcoma cells. Exp Ther Med. 
2017;14:5121–5125.

[35] Chen D, Zhang Z, Mao C, et al. ANRIL inhibits p15INK4b 
through the TGFβ1 signaling pathway in human esophageal 
squamous cell carcinoma. Cell Immunol. 2014;289:91–96.

[36] Heidari Z, Mohammadpour-Gharehbagh A, Eskandari M, 
et al. Genetic polymorphisms of miRNA let7a-2 
and pri-mir-34b/c are associated with an 
increased risk of papillary thyroid carcinoma and 
clinical/pathological features. J Cell Biochem. 
2019;120:8640–8647.

[37] Huang X, Zhang W, Shao Z. Association between long 
non-coding RNA polymorphisms and cancer risk: a 
meta-analysis. Biosci Rep. 2018;38:BSR20180365.

[38] Taheri M, Pouresmaeili F, Omrani MD, et al. Association 
of ANRIL gene polymorphisms with prostate cancer 
and benign prostatic hyperplasia in an Iranian 
population. Biomark Med. 2017;11:413–422.

[39] Timofeeva MN, Hung RJ, Rafnar T, et al. Influence of 
common genetic variation on lung cancer risk: 
meta-analysis of 14 900 cases and 29 485 controls. 
Hum Mol Genet. 2012;21:4980–4995.

[40] Huang Y, Jin H, Yang G. A meta-analysis on associa
tions of CDKN2B-AS variants with atherosclerotic 
cardio-cerebral vascular diseases. Life Sci. 2018. 
DOI:10.1016/j.lfs.2018.12.047

62 R MARUEI-MILAN ET AL.

https://doi.org/10.1038/s41420-018-0051-8
https://doi.org/10.1016/j.lfs.2018.12.047

	Abstract
	Introduction
	Materials and methods
	Results
	Discussion
	Acknowledgements
	Disclosure statement
	Funding
	References



