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ABSTRACT
Background: The importance of long noncoding RNAs (lncRNAs) in various biological processes has been increasingly rec-
ognized in recent years. This study investigated how gene polymorphism in HOX transcript antisense RNA (HOTAIR) lncRNA 
affects the predisposition to chronic kidney disease (CKD).
Methods: This study comprised 150 patients with CKD and 150 healthy controls. A PCR-RFLP and ARMS-PCR techniques were 
used for genotyping the five target polymorphisms.
Results: According to our findings, rs4759314 confers strong protection against CKD in allelic, dominant, and codominant 
heterozygote genetic patterns. Furthermore, rs3816153 decreased CKD risk by 78% when TT versus GG, 55% when GG+GT 
versus TT, and 74% when GT versus TT+GG. In contrast, the CC+CT genotype [odds ratio (OR) = 1.66, 95% confidence intervals 
(CIs) = 1.05–2.63] and the T allele (OR = 1.50, 95% CI = 1.06–2.11) of rs12826786, as well as the TT genotype (OR = 2.52, 95% 
CI = 1.06–5.98) of rs3816153 markedly increased the risk of CKD in the Iranian population. Although no linkage disequilibrium 
was found between the studied variants, the Crs12826786Trs920778Grs1899663Grs4759314Grs3816153 haplotype was associated with a de-
creased risk of CKD by 86% (OR = 0.14, 95% CI = 0.03–0.66).
Conclusion: The rs920778 was not correlated with CKD risk, whereas the HOTAIR rs4759314, rs12826786, rs1899663, and 
rs3816153 polymorphisms affected the risk of CKD in our population. It seems essential to conduct repeated studies across vari-
ous ethnic groups to explore the link between HOTAIR variants and their impact on the disease outcome.

1   |   Introduction

Chronic kidney disease (CKD) represents a significant pub-
lic health challenge worldwide, with a multifaceted etiology 
influenced by genetic, environmental, and lifestyle factors 

[1, 2]. The increasing prevalence of CKD affirms the need for 
a deeper understanding of its molecular underpinnings to fa-
cilitate early detection and targeted therapeutic interventions 
[3]. Among the various contributors to CKD risk, emerging 
evidence points toward the role of genetic polymorphisms, 
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particularly within long noncoding RNA (lncRNA) genes 
[4, 5].

In recent years, lncRNAs have emerged as key players in vari-
ous physiological and pathological processes [6]. Aberrant reg-
ulation of cell functioning by lncRNAs has become one of the 
factors of various diseases [7, 8]. LncRNAs are involved in the 
regulation of various processes at a genetic and epigenetic level. 
They can be used as lures, conduits, supports, and signaling 
switches in the cellular signaling processes [9]. Differences in 
structural parameters of lncRNAs—including length, second-
ary structures, and number of exons—facilitate their perfor-
mance of various functions in both the nucleus and cytoplasm. 
Multiple regulatory axes involving various miRNAs have been 
identified in diseased cells for extensively studied lncRNAs like 
HOX transcript antisense intergenic RNA (HOTAIR), Metastasis 
Associated Lung Adenocarcinoma Transcript 1 (MALAT1), and 
taurine-upregulated gene 1 (TUG1). The lncRNA/miRNA axis 
has been found to play a crucial role in suppressing immune 
responses in patients, making it a promising target in addition 
to established molecular pathways [10]. Some unique lncRNAs 
specific to the renal cell types and their upregulation contributed 
to the pathological changes involved in FSGS development, such 
as LOC105375913 and LOC105374325. The microarray study 
found that the upregulation of LOC105375913 in tubular cells 
of patients diagnosed with focal-segmental glomerulosclerosis 
(FSGS) was mediated by the C3a/p38/XBP-1s pathway to cause 
profibrosis through sequestering miR-27b and overexpression of 
Snail. Likewise, the up-regulation of LOC105374325 expression 
in the apical podocytes of these patients is also well correlated 
with programmed cell death of podocytes through sequestration 
of miR-34c and miR-196a/b, which are negative regulators of pro-
apoptotic factors in kidney [11].

Among lncRNAs, HOTAIR has garnered attention for its in-
volvement in conditions like renal cancer [12], Type 2 diabe-
tes mellitus (T2DM) [13], coronary artery disease [14], and 
hypertension [15]. Accumulating evidence has indicated 
that lncRNA HOTAIR plays a crucial role in approximating 

chromatin-modifying complexes to target sites on the genome; 
HOTAIR has been identified to be expressed in various kidney 
cell types and upregulated in Diabetic Kidney Disease (DKD) 
and high glucose-exposed podocytes. The results of the bioin-
formatic analysis indicated that the HOTAIR expression level 
was positively correlated with genic neighbor homeobox C11 
(HOXC11), which is involved in the developmental patterning 
but whose contribution to the adult kidney remains question-
able [16]. A comparison of the transcriptional level between 
CKD biopsy samples and control kidney RNA samples indi-
cated that HOTAIR was overexpressed in CKD cases. This re-
sult confirms the hypothesis that HOTAIR is associated with 
the development of CKD and may act as an indicator for its 
diagnosis or as a therapeutic target [16, 17]. Furthermore, it 
has been demonstrated that suppression of HOTAIR can in-
crease miR-124 to inhibit the Notch1 pathway and thus reduce 
epithelial-to-mesenchymal transition (EMT) of kidney cells; 
hence, HOTAIR can be a therapeutic target for renal intersti-
tial fibrosis, which is considered a pathological characteristic 
of CKD [18].

The human HOTAIR gene is located within the HOXC locus on 
chromosome 12q13.13. The HOTAIR RNA transcript, which 
is 2.2 kilobases in length, undergoes splicing, polyadenylation, 
and 5′-capping. It extends across approximately six exons and 
operates as a trans-acting lncRNA. The HOX gene clusters, com-
prising genes from HOXA through HOXD, encode transcription 
factors that regulate gene expression in cis, with HOTAIR iden-
tified initially as the first trans-acting lncRNA in this context. 
HOTAIR does not affect the transcription of HOXC cluster genes 
despite co-expression. Instead, HOTAIR acts in Trans, recruiting 
repressive protein complexes to the HOXD cluster on chromo-
some 2, leading to the epigenetic silencing of genes within this 
cluster. Specifically, HOTAIR's role in the developmental stages 
of mammals involves silencing key genes, including tumor sup-
pressors and metastasis suppressors, within the HOXD cluster. 
Notably, Cell proliferation can be inhibited by downregulating 
cyclins and CDKs, which are essential for cell cycle progression, 
by HOXD genes, including HOXD3, HOXD8-10, and HOXD12 

SCHEME 1    |    Location of HOTAIR polymorphisms located on chromosome 12.
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[19]. In addition to well-established genes and proteins impli-
cated in the modulation of apoptosis, including p53, P21, and 
caspases, substantive evidence demonstrates the pivotal role of 
HOTAIR in cell death [20, 21].

Variations in HOTAIR expression, both downregulation and up-
regulation, have been observed in diverse cancer types [22], and 
single nucleotide polymorphisms (SNPs) located in the HOTAIR 
encoding gene have been recently associated with several mul-
tifactorial diseases [7, 8, 23]. Given the impact of gene polymor-
phisms on gene expression, it becomes crucial to investigate the 
association between gene polymorphisms and the occurrence of 
diseases.

SNPs in lncRNAs are implicated in many diseases including 
kidney diseases. Discovering potential genetic changes in ln-
cRNA HOTAIR related to CKD may have given valuable infor-
mation on how the pathogenesis of kidney disease is initiated 
and may have opened doors to new diagnostic and therapeutic 
methods.

Due to the lack of research evidence on the mechanism underly-
ing the relation between genetic variants of HOTAIR and CKD 
risk, in this study, we aimed to investigate the role of specific 
polymorphisms within the HOTAIR gene—namely, rs4759314, 
rs920778, rs12826786, rs1899663, and rs3816153 (Scheme 1)—
in the pathogenesis of CKD. Exploring such genetic factors 
becomes increasingly crucial as they may serve as potential bio-
markers for early CKD detection and contribute to personalized 
treatment strategies.

2   |   Materials and Methods

2.1   |   Study Design

This case–control study comprised 300 Iranian participants, in-
cluding 150 CKD cases admitted to the Bu-Ali Hospital, Zahedan, 
Iran, between February and December 2022, as well as 150 
healthy controls admitted to the same clinic for routine checkups. 
Inclusion criteria for the patient group followed Kidney Disease 
Improving Global Outcomes (KDIGO) guidelines, defined by a 
reduction in Glomerular Filtration Rate (GFR) and with or with-
out a record of proteinuria [24]. CKD stages were classified into 
five levels of estimated glomerular filtration rate (eGFR), as men-
tioned earlier [1]. Exclusion criteria included pregnant women, 
patients who had undergone kidney transplantation previously, 
invasive tumors, polycystic kidney disorder, acute inflammation, 
acute kidney disease, and any other complications or systemic 
diseases. The case controls were randomly chosen from individ-
uals without proteinuria or kidney or renal disorders (GFRCKD-
EPI >90 mL/min per 1.73 m2) [25]. For biochemical examinations, 
2 mL of the whole blood test was drawn through phlebotomy and 
collected in serum gel tubes. One milliliter of venous blood was 
also collected in tubes containing ethylenediaminetetraacetic 
acid (EDTA) for genomic DNA isolation.

2.2   |   Laboratory and Clinical Analysis

We recorded body mass index (BMI), age, gender, and bio-
chemical parameters for the studied groups. Table 1 compares 

TABLE 1    |    Clinical and demographic attributes of the study population.

Parameter evaluated CKD (n = 150) (mean ± SD) Controls (n = 150) (mean ± SD) p-value*

Gender 0.512

Female 59 71

Male 91 79

Age (year) 52.13 ± 16.74 49.64 ± 14.81 0.293a

BMI (kg/m2) 27.09 ± 4.08 24.44 ± 4.38 <0.001a

BUN (mg/dL) 34.18 ± 18.91 12.52 ± 5.16 <0.001a

Serum creatinine (mg/dL) 2.14 ± 1.37 1.39 ± 0.99 <0.001a

Albuminuria (%)

<30 mg/g 75 (50.0) — —

30–300 mg/g 56 (37.3) — —

>300 mg/g 19 (12.7) — —

Stage (based on GFR)

Stage I 45 (30.0) — —

Stage II 33 (22.0) — —

Stage III 49 (32.7) — —

Stage IV 15 (10.0) — —

Stage V 8 (5.3) — —
Abbreviations: BMI, body mass index; BUN, blood urea nitrogen; CKD, chronic renal insufficiency‌.
aMann–Whitney test.
*p < 0.05 is statistically significant between CKD patients and healthy controls (bold p-values).
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CKD patients and healthy controls on demographic and clini-
cal features. Biochemical assay kits were all provided by Pars 
Azmoun-Co (Iran) and were used to measure blood urea nitro-
gen (BUN), total cholesterol (TC), serum creatinine, and fast 
blood glucose (FBS) according to the manufacturer's protocol.

2.3   |   DNA Extraction, Genotyping, and SNP 
Selection

DNA extraction from circulating blood was performed utilizing 
the salting-out strategy [24]. The HOTAIR gene polymorphisms 
(rs4759314, rs920778, rs12826786, rs1899663, and rs3816153) 
were genotyped using both allele-specific amplification refrac-
tory mutation system-polymerase chain reaction (ARMS-PCR) 
and polymerase chain reaction-restriction fragment length poly-
morphism (PCR-RFLP) methods. PCR-RFLP is considered one 
of the most precise and selective methods of identifying genetic 
variations in different organisms. It is very selective, can detect 
very low-frequency SNPs, yields results faster than many other 
genetic analysis methods, is not too technically demanding, 
and is very reliable. On the other hand, the ARMS-PCR tech-
nique is very effective in achieving a faster and more efficient 
amplification of the required allele containing the target SNP. 
Besides, this approach is commonly used because it does not re-
quire expensive restriction enzymes, unlike in the PCR-RFLP 
technique. We utilized the National Center for Biotechnology 
Information (NCBI) database to identify these five SNPs with a 
minor allele frequency (MAF) greater than 0.1. To amplify the 
SNPs, Primer sequences shown in Table 2 were designed using 
Gene Runner 3.05 software and then synthesized using Gen Fan 
Avaran Company (Iran).

Polymerase chain amplification was conducted in a total vol-
ume of 15 μL, containing 1 μL of genomic DNA (⁓10 ng/μL), 
1 μL of each primer, 10 μL Taq 2x Master Mix (Ampliqon Inc., 
Denmark), and 2 μL sterile deionized water. PCR conditions in-
cluded initial denaturation at 95°C for 5 min, followed by 35 cy-
cles of denaturation at 95°C for 1 min, heating at annealing at 
temperatures (shown in Table 2 for each variant) for 40 s, exten-
sion at 72°C for 1 min, followed by a final extension at 72°C for 
8 min. MspI and AluI restriction enzyme digestions were used 
for genotyping rs920778, rs4759314, and rs3816153, respectively. 
To visualize the PCR products, agarose gels were stained with 
a safe DNA stain (GreenViewer, Parstous Biotechnology, Iran). 
The remaining SNPs (rs12826786 and rs1899663) were geno-
typed using ARMS-PCR. Figure 1 shows gel photographs of the 
examined polymorphisms were taken under ultraviolet (UV). 
There was approximately 100% agreement between the initial 
and replicate genotype results for almost 25% of the samples.

2.4   |   Statistical Analysis

The SPSS v. 22.0 software was utilized to analyze the data in this 
study. The chi-square test assessed Hardy–Weinberg equilib-
rium (HWE) in control individuals. Moreover, Fisher's test and 
Student's t-test were used to analyze categorical and continuous 
variables. This analysis also facilitated comparing the patients 
and control groups regarding allelic or genotypic frequencies. An 
odds ratio (OR) and a 95% confidence interval (CI) were calculated 
to assess the association between HOTAIR gene polymorphisms 
and CKD risk. Haplotypes and linkage disequilibrium (LD) were 
determined using the SHEsis online platform. Statistical signifi-
cance was determined by a p-value of less than 0.05.

TABLE 2    |    The primers used for genotyping of HOTAIR gene polymorphisms.

SNP
Genotyping 

method Primer sequence
Annealing 

temperature (°C)
Restriction 

enzyme
Product 
size (bp)

rs920778 
C/T

PCR-RFLP F: 5′-TTACAGCTTAAATG
TCTGAATGTTCC-3′

R: 5′-GCCTCTGGATCTGAGAAAGAAA-3′

56 MspI T: 140
C: 113 + 27

rs4759314 
A/G

PCR-RFLP F: TTCAGGTTTTATTAACTTGCATCAGC
R: ACCCAAAACCATTTCCTGAGAG

55 AluI G allele: 124
A allele: 98 + 25

rs12826786 
C/T

ARMS-PCR F: AGACCTTGGTCCAATTCC
R (G allele): 

AGAGGGAAGGAGCTTAGGATAAACG
R (A-allele): 

AGAGGGAAGGAGCTTAGGATAAACA

62 — 364

rs1899663 
G/T

ARMS-PCR F (C-allele): 
AAAGCCTCTAATTGTTGTCATC

F (A-allele): 
AAAGCCTCTAATTGTTGTCATA
R: AGACCCTCAGGTCCCTAATA

54 — 127

rs3816153 
G/T

PCR-RFLP F: CTCCAGGCAGGCTAGCACCG
R: CTCCAGGCAGGCTAGCACCG

63 AluI G: 276
T: 255 + 21

Abbreviations: ARMS-PCR, amplification refractory mutation system polymerase chain reaction; F, forward; R, reverse; RFLP-PCR, restriction fragment length 
polymorphism polymerase chain reaction; SNP, single-nucleotide polymorphism.
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3   |   Results

3.1   |   Clinical and Demographic Findings

Our findings showed that the mean age of the CKD patients (59 
females and 91 males) was 51.13 ± 16.74 years, while the controls 
(71 females and 79 males) had a mean age of 49.64 ± 14.81 years 
(p > 0.05). Statistical analysis revealed no notable differences in 
age and gender distribution between patients and the healthy 
group (p > 0.05). However, as demonstrated in Table 1, a remark-
able difference was noticed in terms of BMI between the stud-
ied groups (cases: 27.09 ± 4.08, controls: 24.44 ± 4.38; p < 0.001). 
Similarly, significant associations were found between serum 
creatinine and BUN levels in CKD cases and controls (p-value 
<0.001). It is clear from the considerable difference between the 
two groups that the study groups were correctly selected based 
on serum creatinine levels.

3.2   |   Genetic Association Studies

The genotypic and allelic frequencies of HOTAIR SNPs in the 
CKD group and healthy individuals are summarized in Table 3. 
The allelic frequencies of the studied variations were consistent 
with HWE in the control group (p-value for HWE >0.05 for all 
SNPs). Our finding revealed no statistical correlation between 
the frequency of the rs920778 variation and the risk of CKD nei-
ther in the genotypic nor the allelic inheritance models (p > 0.05 
for all models). Regarding rs4759314, a diminished risk of CKD 
was observed under the codominant (AG vs. AA, OR = 0.19, 
95% CI = 0.09–0.41, p < 0.001), dominant (AA + AG vs. GG, 
OR = 0.18, 95% CI = 0.09–0.39, p < 0.001), and overdominant 
(AG vs. AA + GG, OR = 0.20, 95% CI = 0.08–0.44, p < 0.001), and 
allelic (G vs. A, OR = 0.22, 95% CI = 0.12–0.40, p < 0.001) genetic 
patterns. Similarly, the T allele of rs3816153 conferred strong 
protection against CKD under the codominant (GT vs. GG, 
OR = 0.28, 95% CI = 0.15–0.55, p < 0.001), dominant (GG+GT 

vs. TT, OR = 0.55, 95% CI = 0.33–0.93, p = 0.025), and overdom-
inant (GT vs. TT+GG, OR = 0.26, 95% CI = 0.14–0.51, p < 0.001) 
modes. On the other hand, rs12826786 exhibited an enhanced 
risk of CKD under the dominant (CC+CT vs. TT, OR = 1.66, 
95% CI = 1.05–2.63, p = 0.031). Likewise, the T allele of this poly-
morphism increased the risk of CKD (T vs. C, OR = 1.50, 95% 
CI = 1.06–2.11, p = 0.021). Notably, the rs1899663 variant of the 
HOTAIR gene conferred an increased risk of CKD under co-
dominant (TT vs. GG, OR = 2.24, 95% CI = 1.08–4.63, p = 0.030) 
as well as the allelic (T vs. G, OR = 1.46, 95% CI = 1.05–2.03, 
p = 0.023) modes of inheritance. We observed no statistically 
significant association between genotypes of the analyzed SNPs 
and CKD stages (Table S1).

3.3   |   Haplotype and Interaction Analyses

An interaction analysis of genotype combinations of studied 
SNPs with predisposition to CKD in Table  4 revealed no sta-
tistically significant associations (Table 4). We then conducted 
a haplotype analysis to examine the effects of all haplotypes 
of examined SNPs on CKD susceptibility (Table 5). Compared 
with the reference haplotype with the highest frequency among 
the controls (Crs12826786Trs920778Grs1899663Ars4759314Grs3816153), the 
CTGGG haplotype reduced the risk of CKD in our population 
by 84% (OR = 0.14, 95% CI = 0.03–0.66, p = 0.006). Based on our 
findings, HOTAIR SNPs were not in linkage disequilibrium 
(LD) (Figure S1).

4   |   Discussion

CKD represents a pervasive global health condition with diverse 
etiologies. Key risk factors associated with the onset of kidney 
disease include diabetes, hypertension, cardiovascular disease, 
and a familial predisposition to kidney failure [26]. We found 
that rs4759314 confers a robust protective effect against CKD in 

FIGURE 1    |    Gel electrophoretic separation of polymerase chain reaction products for genotyping HOTAIR rs920778 (A), rs4759314 (B), rs12826786 
(C), rs1899663 (D), and rs3816153 (E) polymorphisms.
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heterozygotes with allelic, dominant, and codominant genotypes. 
Additionally, rs3816153 reduced the risk of CKD by 79% in indi-
viduals with the GT genotype compared to TT, 78% in those with 

TT compared to GG, 55% in individuals with GG+GT compared 
to TT, and 74% in individuals with GT compared to TT+GG. 
However, we found that T alleles in rs12826786 and rs3816153 

TABLE 3    |    Genotypic and allelic distribution of HOTAIR polymorphisms in patients with CKD and healthy attendees.

Variant Type CKD (%) Control (%) Model OR (95% CI) p-value*

rs920778 C/T CC 49 (33.1) 39 (26.9) Codominant1 0.64 (0.38–1.11) 0.111

CT 62 (41.9) 78 (53.8) Codominant2 1.06 (0.56–2.04) 0.850

TT 37 (25.0) 28 (19.3) Dominant 0.76 (0.46–1.25) 0.277

HWE 0.057 0.323 Recessive 1.39 (0.79–2.42) 0.250

Over-dominant 0.62 (0.39–0.98) 0.084

C 160 (54.1) 156 (53.8) Allelic 1 [reference]

T 136 (45.9) 134 (46.2) Allelic 0.99 (0.72–1.38) 0.991

rs4759314 A/G AA 137 (92.6) 103 (70.1) Codominant1 0.19 (0.09–0.41) <0.001

AG 9 (6.1) 36 (24.5) Codominant2 0.21 (0.04–1.01) 0.052

GG 2 (1.4) 8 (5.4) Dominant 0.18 (0.09–0.39) <0.001

HWE 0.001 0.054 Recessive 0.25 (0.05–1.20) 0.082

Over-dominant 0.20 (0.08–0.44) <0.001

A 283 (95.6) 242 (82.3) Allelic 1 [reference]

G 13 (4.4) 52 (17.7) Allelic 0.22 (0.12–0.40) <0.001

rs12826786 C/T CC 61 (40.9) 79 (53.4) Codominant1 1.57 (0.96–2.57) 0.075

CT 64 (43.0) 53 (35.8) Codominant2 1.94 (0.95–3.99) 0.070

TT 24 (16.1) 16 (10.8) Dominant 1.66 (1.05–2.63) 0.031

HWE 0.302 0.127 Recessive 1.59 (0.81–3.14) 0.181

Over-dominant 1.35 (0.84–2.15) 0.210

C 186 (62.4) 211 (71.3) Allelic 1 [reference]

T 112 (37.6) 85 (28.7) Allelic 1.50 (1.06–2.11) 0.021

rs1899663 G/T GG 41 (27.3) 56 (37.6) Codominant1 1.41 (0.84–2.35) 0.191

GT 79 (52.7) 76 (51.0) Codominant2 2.24 (1.08–4.63) 0.030

TT 30 (20.0) 17 (11.4) Dominant 1.60 (0.98–2.61) 0.060

HWE 0.469 0.245 Recessive 1.88 (0.98–3.60) 0.056

Over-dominant 1.05 (0.67–1.66) 0.818

G 161 (53.7) 188 (63.1) Allelic 1 [reference]

T 139 (46.3) 110 (36.9) Allelic 1.46 (1.05–2.03) 0.023

rs3816153 G/T GG 116 (77.9) 99 (66.0) Codominant1 0.28 (0.15–0.55) <0.001

GT 14 (9.4) 43 (28.7) Codominant2 1.97 (0.82–4.71) 0.128

TT 19 (12.7) 8 (5.3) Dominant 0.55 (0.33–0.93) 0.025

HWE 0.001 0.256 Recessive 2.52 (1.06–5.98) 0.036

Over-dominant 0.26 (0.14–0.51) <0.001

G 246 (82.5) 241 (80.3) Allelic 1 [reference]

T 52 (17.5) 59 (19.7) Allelic 0.86 (0.57–1.30) 0.468

Note: Bonferroni correction was applied. p < 0.05 was considered statistically significant (bold p-values).
Abbreviations: CI, confidence interval; CKD, chronic renal insufficiency; OR, odds ratio.
*p-value adjusted for BMI. Codominant1 and Codominant2 represent the heterozygous and homozygous codominant models, respectively.
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and CC+CT genotypes were significantly associated with CKD. 
The haplotype Crs12826786Trs920778Grs1899663Grs4759314Grs3816153 was 
strongly associated with decreased CKD risk, although there 
was no linkage between the variants analyzed. The HOTAIR 
variants were not significantly associated with CKD stages.

Our study represents a novel investigation into the association be-
tween renal diseases and HOTAIR variations, highlighting a gap in 
the existing literature. Prior research has primarily concentrated 
on the impact of HOTAIR genetic variations on predisposition to 
diverse, complex diseases, some exhibiting comorbidity with CKD. 
In our prior investigation regarding the effect of lncRNAs in the 
context of diabetes, we found that HOTAIR rs920778, rs12826786, 
and rs4759314 SNPs had a significant correlation with T2DM. 
HOTAIR polymorphisms rs920778, rs12826786, and rs4759314 
had significant correlations with T2DM risk in a population from 
southeast Iran, whereas rs1899663 showed a significant negative 
correlation. The rs4759314 gene was found to be significantly as-
sociated with both FBS and LDL-c and rs920778 with HDL-c in 
cases with T2DM. Based on the results of the haplotype analysis, 
the CCGG, CTTG, TGTA, and the TTTG genotype combination 
of rs920778/rs1899663/rs12826786/rs4759314 variations signifi-
cantly increased T2DM risk by 1.47, 1.96, 2.81, and 4.80 folds, re-
spectively, but that the four HOTAIR SNPs were not in LD [8]. In 
agreement with these findings, we did not observe LD between 
the studied variations, and rs12826786 was positively associated 
with CKD susceptibility in our study. However, the findings of 
Sargazi et al. showed an enhanced risk of T2DM under rs920778 
and rs4759314 polymorphisms, which did not agree with our find-
ings. The difference in research findings may be attributed to the 
heterogeneous etiology of diseases, specifically how T2DM might 
lead to CKD in its advanced stages [27]. Another factor influenc-
ing these discrepancies could be the discrepancy in sample sizes, 
with 500 T2DM cases enrolled compared to fewer CKD cases in 
the study population. Over the past few years, many studies, in-
cluding genome-wide association studies (GWAS), have offered a 
hypothesis-free method for detecting prevalent genetic variations 
that may contribute to the genetic predisposition of prevalent dis-
eases like CKD and T2DM [28–30]. In another genetic association 
study, Mohammadpour et  al. reported that HOTAIR polymor-
phisms are associated with preeclampsia, a pregnancy disorder 
that is commonly characterized by hypertension and proteinuria 
after 20 weeks [31]. This is important since several reports have 
established a sizable association between preeclampsia and End-
Stage Renal Disease (ESRD) [32–34]. A recent report by Kim et al. 
illustrated that HOTAIR rs4759314, rs1899663, and rs12826786 
genotype combinations strongly affect coronary artery disease 
occurrence [14]. Yet, no study has investigated the correlation 
between HOTAIR gene variants and CKD incidence. Our study 
examined a cohort of Iranian patients suffering from CKD in con-
junction with a control group to determine which HOTAIR gene 
polymorphisms are associated with CKD risk. In our population, 
the risk of CKD development was significantly associated with 
HOTAIR polymorphisms rs4759314, rs12826786, rs1899663, and 
rs3816153.

Numerous potential mechanisms contributing to the risks of 
CKD can be elucidated as follows: First, metabolic diseases and 
obesity, prevalent factors in hypertensive, and diabetic patients 
have been implicated in the progression of nephropathy [35]. 
Second, an observed increase in peripheral arterial resistance 

and resistant hypertension has been linked to an elevated risk 
of end-stage renal diseases [36]. Additionally, it was reported 
that the upregulation of the renin–angiotensin–aldosterone sys-
tem and sodium transporters had the potential to disrupt the 
glomerular structure, ultimately resulting in albuminuria and 
diminished nephron function [37]. The significant role of reac-
tive oxygen metabolites in the progression of diabetic kidney dis-
ease, facilitated by the endoplasmic reticulum stress, has been 
highlighted in earlier studies [38].

Various pathogenic processes, including the progression of 
chronic kidney disease, are linked to the dysregulation of ln-
cRNAs [39]. LncRNAs are RNA molecules lacking coding po-
tential and having a length greater than 200 nucleotides. In 
addition to modulating protein functions and epigenetic modi-
fication, these molecules act as enhancer RNAs and modulate 
small RNA functions. Notably, lncRNAs display a highly tissue-
specific expression pattern, indicative of their intricate involve-
ment in cellular processes [11]. Additionally, lncRNAs are 
regulated in adult stem/progenitor cells, especially in the human 
kidney. For instance, the lncRNA HOTAIR has been identified 
as a factor controlling self-renewal and cell senescence [40]. 
HOTAIR supports these cells in secreting elevated amounts 
of α-Klotho, an anti-aging protein that exerts influence on the 
surrounding tissues, thereby modulating the aging process in 
the kidneys. Subsequently, Klotho influences diverse signaling 
pathways, such as p53/p21, Wnt, Insulin, cAMP, protein kinase 
C, and TGF-β [41]. Interestingly, autosomal dominant polycystic 
kidney disease (ADPKD) patients with cystic kidneys had lower 
levels of HOXB3-AS1. According to the study, RNA-seq analysis 
on cystic kidneys of ADPKD mutant mice detected dysregulated 
lncRNAs and confirmed that Hoxb3os lncRNA alters mTOR 
signaling and mitochondrial respiration and functions as a neg-
ative regulator [42]. The correlation between polymorphisms in 
mTOR pathway genes and kidney disorders has been extensively 
documented in numerous studies [43].

In recent developments, a microarray analysis conducted on 
monocytes from patients with IgA nephropathy [44] and a sys-
tems biology study [45] have collectively identified over 200 dif-
ferentially expressed lncRNAs in peripheral blood mononuclear 
cells, implicating their potential involvement in the pathophys-
iology of IgA nephropathy. Notably, the research posited that 
HOTAIR emerged as the principal lncRNA regulating differ-
entially expressed genes and microRNAs in the context of IgA 
nephropathy. Furthermore, genetic variants within genes asso-
ciated with the innate immune system have been demonstrated 
to be linked with the progression of CKD in patients with IgA 
nephropathy [46].

The protective role of HOXA cluster antisense RNA 2 
(HOXA-AS2) in septic-induced acute kidney injury (SI-AKI) 
was observed by M'Baya-Moutoula et  al. multi-omics study 
[47]. This protective effect was attributed to the modulation of 
miR-106b-5p and the inhibition of the Wnt/β-catenin and NF-
κB pathways. Additionally, Shen et al. reported that HOTAIR, 
by inhibiting miR-22, facilitated cell death. Suppression of 
HOTAIR, conversely, resulted in improved renal function 
[48]. Mutations in the genes encoding critical mediators of the 
Wnt/β-catenin pathway have been associated with susceptibil-
ity to CKD [49].



10 of 12 Journal of Clinical Laboratory Analysis, 2024

Subsequently, a study by Jiang et al. demonstrated that over-
expression of HOTAIR led to a reduction in renal damage, 
inflammation, and cell death within the kidney, achieved 
through downregulation of the miR-34a/Bcl-2 signaling 
pathway [50]. They observed a decline in the expression of 
HOTAIR, which correlated with decreased serum serine and 
blood urea nitrogen levels and diminished signs of apoptosis 
in kidney tissue. A simultaneous increase in Bcl-2 protein lev-
els and a reduction in miR-34a were connected to these ef-
fects. The effects of miR-34a on apoptotic processes can be 
explained by the direct target of Bcl-2, which has been rec-
ognized as an antiapoptotic factor. There are many studies 
confirming the impact of polymorphisms in genes associated 
with the apoptosis pathway and inflammation on the develop-
ment of CKD [51].

The application of SNPs in personalized medicine in kidney 
diseases has great potential since it will help optimize patient-
targeted treatment and concentrate healthcare resources [52]. 
SNPs are responsible for interindividual variation in the risk of 
disease, the response to treatments, and the metabolism of med-
icines [53]. Some SNPs have been linked to an increased risk 
of developing CKD or kidney stones [54]; therefore, by evaluat-
ing the SNP profile of such a person, healthcare providers can 
identify those at a higher risk and prescribe measures to prevent 
the development of CKD. It is also possible that these variations 
may directly affect the reaction to specific drugs that are used 
for kidney transplant recipients or antihypertensive medications 
for kidney disease patients [55]. To achieve this, healthcare pro-
viders can use SNPs linked to drug metabolism or drug targets 
to formulate specific drugs that will yield maximum benefit to 
patients with minimal side effects. This is where the SNP profile 
of an individual can help clinicians in choosing the right treat-
ment option and also in giving the proper dosages of medication 
to achieve the best possible results and determining the appro-
priate dose of a medication to be administered to an individual 
concerning their metabolism rate to prevent drug toxicity or 
failed treatment [56].

While genetic factors, particularly polymorphisms within 
lncRNA genes, have been identified as contributors to an el-
evated risk of kidney disease [57], our study represents the 
initial report elucidating the association between HOTAIR 
genetic variants and the risk of CKD. Our study is limited in 
certain ways, which needs to be acknowledged. There may not 
be enough diversity in the Iranian population because of the 
relatively small sample size and the fact that it was collected 
exclusively from one location. We encountered difficulty de-
termining the exact genotype in a small subset of samples. 
Despite reanalysis, a few genotypes could not be determined 
due to technical issues and limited DNA sample volume. Yet, 
we are confident that this slight difference did not affect the 
analysis process, as there are still enough samples for the case 
and control groups to ensure sufficient statistical power for 
the analyses. More studies are required to validate the find-
ings of this study and to use a higher number of participants of 
various ethnicities and more accurate genotyping techniques. 
We have demonstrated that HOTAIR gene polymorphisms 
are significantly correlated with CKD risk among a sample of 
Iranian women.

5   |   Conclusion

This study, the first to investigate variations in the HOTAIR gene 
among Iranian individuals, suggests that this gene may influ-
ence CKD development. Identifying these genetic markers could 
improve both the diagnosis and treatment of this condition. 
These gene variants may prove helpful as molecular biomarkers 
for a broader range of clinical purposes if studies involve a larger 
sample size and diverse ethnic groups. Future research should 
also consider investigating additional genetic variants and ex-
ploring the functional consequences of the identified associa-
tions to further understand the mechanisms underlying CKD 
and enhance the potential for targeted therapeutic interventions.

Acknowledgments

The authors would like to thank Dr. Hamed Taheri for the samples 
provided.

Ethics Statement

The local Ethics committee of Zahedan University of Medical Sciences 
approved the protocol of the current study (Ethical code: IR.ZAUMS.
REC.1400.376). The webpage of the ethical approval code is available 
at https://​ethics.​resea​rch.​ac.​ir/​Propo​salCe​rtifi​cateEn.​php?​id=​24364​4&​
Print=​true&​NoPri​ntHea​der=​true&​NoPri​ntFoo​ter=​true&​NoPri​ntPag​
eBord​er=​true&​Lette​rPrint=​true. Informed consent was taken from all 
enrolled subjects.

Conflicts of Interest

The authors declare no conflicts of interest.

Data Availability Statement

The data that support the findings of this study are available from the 
corresponding author upon reasonable request.

References

1. S. Sargazi, M. Heidari Nia, F. Mirani Sargazi, et  al., “Functional 
miR143/145 Cluster Variants and Haplotypes Are Associated With 
Chronic Kidney Disease: A Preliminary Case-Control Study and Com-
putational Analyses,” Applied Biochemistry and Biotechnology 193 
(2021): 1532–1544.

2. F. Mirani Sargazi, A. Alidadi, H. Taheri, et al., “Functional miR29a 
Gene Polymorphism Enhanced the Risk of Chronic Kidney Disease in 
an Iranian Population: A Preliminary Case-Control Study and Bioinfor-
matics Analyses,” Meta Gene 25 (2020): 100755.

3. M. G. Shlipak, S. L. Tummalapalli, L. E. Boulware, et al., “The Case 
for Early Identification and Intervention of Chronic Kidney Disease: 
Conclusions From a Kidney Disease: Improving Global Outcomes 
(KDIGO) Controversies Conference,” Kidney International 99, no. 1 
(2021): 34–47.

4. J. A. Moreno, E. Hamza, M. Guerrero-Hue, et al., “Noncoding RNAs 
in Kidney Diseases: The Long and Short of Them,” International Jour-
nal of Molecular Sciences 22, no. 11 (2021): 6077.

5. F. T. Hasan and M. A. Mohey, “Association of Genetic Polymorphism 
and Expression of UMOD Gene and Chronic Kidney Disease,” Wiado-
mości Lekarskie 74, no. 9 (2021): 2297–2300.

6. N. Li, Y. Cui, M. Yin, and F. Liu, “Screening Potential Prognostic Bio-
markers of Long Noncoding RNAs for Predicting the Risk of Chronic 

https://ethics.research.ac.ir/ProposalCertificateEn.php?id=243644&Print=true&NoPrintHeader=true&NoPrintFooter=true&NoPrintPageBorder=true&LetterPrint=true
https://ethics.research.ac.ir/ProposalCertificateEn.php?id=243644&Print=true&NoPrintHeader=true&NoPrintFooter=true&NoPrintPageBorder=true&LetterPrint=true
https://ethics.research.ac.ir/ProposalCertificateEn.php?id=243644&Print=true&NoPrintHeader=true&NoPrintFooter=true&NoPrintPageBorder=true&LetterPrint=true


11 of 12

Kidney Disease,” Brazilian Journal of Medical and Biological Research 
52 (2019): e8333.

7. S. Salimi, S. Sargazi, M. Heidari Nia, F. Mirani Sargazi, and M. 
Ghasemi, “Genetic Variants of HOTAIR Are Associated With Suscepti-
bility to Recurrent Spontaneous Abortion: A Preliminary Case–Control 
Study,” Journal of Obstetrics and Gynaecology Research 47, no. 11 (2021): 
3767–3778.

8. S. Sargazi, M. Ravanbakhsh, M. H. Nia, et al., “Association of Poly-
morphisms Within HOX Transcript Antisense RNA (HOTAIR) With 
Type 2 Diabetes Mellitus and Laboratory Characteristics: A Preliminary 
Case-Control Study,” Disease Markers 2022 (2022): 1–11.

9. R. Nadhan, C. Isidoro, Y. S. Song, and D. N. Dhanasekaran, “Signal-
ing by LncRNAs: Structure, Cellular Homeostasis, and Disease Pathol-
ogy,” Cells 11, no. 16 (2022): 2517.

10. R. Nadhan, C. Isidoro, Y. S. Song, and D. N. Dhanasekaran, “Signal-
ing by LncRNAs: Structure, Cellular Homeostasis, and Disease Pathol-
ogy,” Cells 11, no. 16 (2022): 2517.

11. M. Ignarski, R. Islam, and R.-U. Müller, “Long Noncoding RNAs in 
Kidney Disease,” International Journal of Molecular Sciences 20, no. 13 
(2019): 3276.

12. D. Li, C. Li, Y. Chen, et al., “LncRNA HOTAIR Induces Sunitinib 
Resistance in Renal Cancer by Acting as a Competing Endogenous 
RNA to Regulate Autophagy of Renal Cells,” Cancer Cell International 
20 (2020): 1–14.

13. H. Wang, Y. Xia, and Y. Zhang, “Diagnostic Significance of Serum 
lncRNA HOTAIR and Its Predictive Value for the Development of 
Chronic Complications in Patients With Type 2 Diabetes Mellitus,” Dia-
betology & Metabolic Syndrome 13, no. 1 (2021): 1–6.

14. I.-J. Kim, J.-Y. Lee, H.-W. Park, et  al., “Association Between HO-
TAIR lncRNA Polymorphisms and Coronary Artery Disease Suscepti-
bility,” Journal of Personalized Medicine. 11, no. 5 (2021): 375.

15. M. A. Ali, O. G. Shaker, A. A. Khalifa, et  al., “LncRNAs NEAT1, 
HOTAIR, and GAS5 Expression in Hypertensive and non-hypertensive 
Associated Cerebrovascular Stroke Patients, and Its Link to Clinical 
Characteristics and Severity Score of the Disease,” Non-coding RNA Re-
search. 8, no. 1 (2023): 96–108.

16. S. Majumder, M. J. Hadden, K. Thieme, et al., “Dysregulated Expres-
sion but Redundant Function of the Long Noncoding RNA HOTAIR in 
Diabetic Kidney Disease,” Diabetologia 62 (2019): 2129–2142.

17. S. Nakagawa, K. Nishihara, H. Miyata, et al., “Molecular Markers of 
Tubulointerstitial Fibrosis and Tubular Cell Damage in Patients With 
Chronic Kidney Disease,” PLoS One 10, no. 8 (2015): e0136994.

18. H. Zhou, L. Gao, Z. Yu, H. Sj, Z. Zw, and Q. Zz, “LncRNA HOTAIR 
Promotes Renal Interstitial Fibrosis by Regulating Notch1 Pathway via 
the Modulation of miR-124,” Nephrology 24, no. 4 (2019): 472–480.

19. T. Rajagopal, S. Talluri, R. Akshaya, and N. R. Dunna, “HOTAIR 
LncRNA: A Novel Oncogenic Propellant in Human Cancer,” Clinica 
Chimica Acta 503 (2020): 1–18.

20. Z. Heidari, M. Harati-Sadegh, A. Arian, R. Maruei-Milan, and S. 
Salimi, “The Effect of TP53 and P21 Gene Polymorphisms on Papillary 
Thyroid Carcinoma Susceptibility and Clinical/Pathological Features,” 
IUBMB Life 72, no. 5 (2020): 922–930.

21. S. Zhan, K. Wang, Q. Xiang, et al., “lncRNA HOTAIR Upregulates 
Autophagy to Promote Apoptosis and Senescence of Nucleus Pulposus 
Cells,” Journal of Cellular Physiology 235, no. 3 (2020): 2195–2208.

22. C. Zhu, X. Wang, Y. Wang, and K. Wang, “Functions and Underly-
ing Mechanisms of lncRNA HOTAIR in Cancer Chemotherapy Resis-
tance,” Cell Death Discovery 8, no. 1 (2022): 383.

23. S. Sargazi, A. Zahedi Abghari, S. Mirinejad, et al., “Long Noncoding 
RNA HOTAIR Polymorphisms and Susceptibility to Bipolar Disorder: 

A Preliminary Case–Control Study,” Nucleosides, Nucleotides & Nucleic 
Acids 41, no. 7 (2022): 684–701.

24. I. S. Dadi, R. Saravani, T. Khalili, et  al., “Coding Variants of the 
FMO3 Gene Are Associated With the Risk of Chronic Kidney Disease: 
A Case-Control Study,” Reports Of Biochemistry And Molecular Biology 
11, no. 3 (2022): 430–439.

25. T. H. Mathew, D. W. Johnson, and G. R. Jones, “Chronic Kidney 
Disease and Automatic Reporting of Estimated Glomerular Filtration 
Rate: Revised Recommendations,” Medical Journal of Australia 187, no. 
8 (2007): 459–463.

26. M. Wang, J. Li, Y. Li, et al., “The Effects of Hypertension and Di-
abetes on new-Onset Chronic Kidney Disease: A Prospective Cohort 
Study,” Journal of Clinical Hypertension. 22, no. 1 (2020): 39–46.

27. B. Wu, K. Bell, A. Stanford, et al., “Understanding CKD Among Pa-
tients With T2DM: Prevalence, Temporal Trends, and Treatment Pat-
terns—NHANES 2007–2012,” BMJ Open Diabetes Research & Care 4, 
no. 1 (2016): e000154.

28. D. Galuška, L. Pácal, K. Chalásová, et  al., “T2DM/CKD Genetic 
Risk Scores and the Progression of Diabetic Kidney Disease in T2DM 
Subjects,” (2023), https://​doi.​org/​10.​21203/​​rs.3.​rs-​37192​62/​v1.

29. F. Regele, K. Jelencsics, D. Shiffman, et al., “Genome-Wide Studies 
to Identify Risk Factors for Kidney Disease With a Focus on Patients 
With Diabetes,” Nephrology, Dialysis, Transplantation 30, no. suppl_4 
(2015): iv26–iv34.

30. S. Sargazi, B. Mollashahi, S. Sargazi, et al., “Prevalence of miR146a 
Gene Polymorphisms in Diabetic and Non-Diabetic Patients With 
Chronic Kidney Disease,” Iranian Journal of Science and Technology, 
Transactions A: Science 46 (2022): 21–31.

31. A. Mohammadpour-Gharehbagh, D. Jahantigh, M. Saravani, et al., 
“Impact of HOTAIR Variants on Preeclampsia Susceptibility Based on 
Blood and Placenta and in Silico Analysis,” IUBMB Life 71, no. 9 (2019): 
1367–1381.

32. A. G. Kattah, D. C. Scantlebury, S. Agarwal, et al., “Preeclampsia 
and ESRD: The Role of Shared Risk Factors,” American Journal of Kid-
ney Diseases 69, no. 4 (2017): 498–505.

33. A. S. Khashan, M. Evans, M. Kublickas, et al., “Preeclampsia and 
Risk of end Stage Kidney Disease: A Swedish Nationwide Cohort 
Study,” PLoS Medicine 16, no. 7 (2019): e1002875.

34. A. M. Hildebrand, M. A. Hladunewich, and A. X. Garg, “Preeclamp-
sia and the Long-Term Risk of Kidney Failure,” American Journal of 
Kidney Diseases 69, no. 4 (2017): 487–488.

35. M. Schweitzer, B. Stengel, K. Legrand, et  al., “Obesity Phenotype 
and Patient-Reported Outcomes in Moderate and Severe Chronic Kid-
ney Disease: A Cross-Sectional Study From the CKD-REIN Cohort 
Study,” Quality of Life Research 28 (2019): 1873–1883.

36. F. Viazzi, P. Piscitelli, A. Ceriello, et  al., “Resistant Hypertension, 
Time-Updated Blood Pressure Values and Renal Outcome in Type 2 
Diabetes Mellitus,” Journal of the American Heart Association 6, no. 9 
(2017): e006745.

37. R. Libianto, D. Batu, R. J. MacIsaac, M. E. Cooper, and E. I. Ekinci, 
“Pathophysiological Links Between Diabetes and Blood Pressure,” Ca-
nadian Journal of Cardiology 34, no. 5 (2018): 585–594.

38. Z. Wang, J. M. do Carmo, N. Aberdein, et al., “Synergistic Interaction 
of Hypertension and Diabetes in Promoting Kidney Injury and the Role of 
Endoplasmic Reticulum Stress,” Hypertension 69, no. 5 (2017): 879–891.

39. Q. Zhou, W. Chen, and X.-Q. Yu, “Long Noncoding RNAs as Novel 
Diagnostic and Therapeutic Targets in Kidney Disease,” Chronic Dis-
eases and Translational Medicine. 5, no. 4 (2019): 252–257.

40. A. Picerno, F. Giannuzzi, C. Curci, et al., “The Long Noncoding RNA 
HOTAIR Controls the Self-Renewal, Cell Senescence, and Secretion of 

https://doi.org/10.21203/rs.3.rs-3719262/v1


12 of 12 Journal of Clinical Laboratory Analysis, 2024

Anti-Aging Protein α-Klotho in Human Adult Renal Progenitor Cells,” 
Stem Cells 40, no. 10 (2022): 963–975.

41. F. Giannuzzi, S. Maiullari, L. Gesualdo, and F. Sallustio, “The Mis-
sion of Long non-Coding RNAs in Human Adult Renal Stem/Progeni-
tor Cells and Renal Diseases,” Cells 12, no. 8 (2023): 1115.

42. K. Aboudehen, S. Farahani, M. Kanchwala, et al., “Long Noncod-
ing RNA Hoxb3os Is Dysregulated in Autosomal Dominant Polycystic 
Kidney Disease and Regulates mTOR Signaling,” Journal of Biological 
Chemistry 293, no. 24 (2018): 9388–9398.

43. J. Wang, L. Chai, Y. Lu, H. Lu, Y. Liu, and Y. Zhang, “Attenuation of 
mTOR Signaling Is the Major Response Element in the Rescue Pathway 
of Chronic Kidney Disease in Rats,” Neuroimmunomodulation 27, no. 
1 (2020): 9–18.

44. A. Gholaminejad, Y. Gheisari, S. Jalali, and A. Roointan, “Compre-
hensive Analysis of IgA Nephropathy Expression Profiles: Identifica-
tion of Potential Biomarkers and Therapeutic Agents,” BMC Nephrology 
22, no. 1 (2021): 137.

45. N. Zuo, Y. Li, N. Liu, and L. Wang, “Differentially Expressed Long 
Noncoding RNAs and mRNAs in Patients With IgA Nephropathy,” Mo-
lecular Medicine Reports 16, no. 5 (2017): 7724–7730.

46. S. T. Ibrahim, R. Chinnadurai, I. Ali, et al., “Genetic Polymorphism 
in C3 Is Associated With Progression in Chronic Kidney Disease (CKD) 
patients With IgA Nephropathy but Not in Other Causes of CKD,” PLoS 
One 15, no. 1 (2020): e0228101.

47. E. M'baya-Moutoula, L. Louvet, R. Molinié, et al., “A Multi-Omics 
Analysis of the Regulatory Changes Induced by miR-223 in a Mono-
cyte/Macrophage Cell Line,” Biochimica et Biophysica Acta (BBA) - Mo-
lecular Basis of Disease 1864, no. 8 (2018): 2664–2678.

48. J. Shen, J. Zhang, X. Jiang, H. Wang, and G. Pan, “LncRNA HOX 
Transcript Antisense RNA Accelerated Kidney Injury Induced by 
Urine-Derived Sepsis Through the miR-22/High Mobility Group box 1 
Pathway,” Life Sciences 210 (2018): 185–191.

49. S. Kulkarni, M. Lenin, R. Ramesh, S. C. W. Delphine, and K. Velu, 
“Evaluation of Single-Nucleotide Polymorphisms of Transcription Fac-
tor 7-Like 2 and ATP2B1 Genes as Cardiovascular Risk Predictors in 
Chronic Kidney Disease,” International Journal of Applied & Basic Med-
ical Research 9, no. 4 (2019): 221.

50. Z.-J. Jiang, M.-Y. Zhang, Z.-W. Fan, W.-L. Sun, and Y. Tang, “In-
fluence of lncRNA HOTAIR on Acute Kidney Injury in Sepsis Rats 
Through Regulating miR-34a/Bcl-2 Pathway,” European Review for 
Medical and Pharmacological Sciences 23, no. 8 (2019): 3512–3519.

51. H. Li, M. Li, C. Liu, et al., “Causal Effects of Systemic Inflammatory 
Regulators on Chronic Kidney Diseases and Renal Function: A Bidi-
rectional Mendelian Randomization Study,” Frontiers in Immunology 14 
(2023): 1229636.

52. A. Witasp, T. J. Ekström, M. Schalling, B. Lindholm, P. Stenvinkel, 
and L. Nordfors, “How can Genetics and Epigenetics Help the Nephrol-
ogist Improve the Diagnosis and Treatment of Chronic Kidney Dis-
ease Patients?” Nephrology, Dialysis, Transplantation 29, no. 5 (2014): 
972–980.

53. B. Shastry, “Pharmacogenetics and the Concept of Individualized 
Medicine,” Pharmacogenomics Journal 6, no. 1 (2006): 16–21.

54. P. Singh, P. C. Harris, D. J. Sas, and J. C. Lieske, “The Genetics of 
Kidney Stone Disease and Nephrocalcinosis,” Nature Reviews Nephrol-
ogy 18, no. 4 (2022): 224–240.

55. S. Turolo, A. Edefonti, M. L. Syren, and G. Montini, “Pharmacog-
enomics of old and new Immunosuppressive Drugs for Precision Med-
icine in Kidney Transplantation,” Journal of Clinical Medicine 12, no. 
13 (2023): 4454.

56. M. F. Martínez and L. A. Quiñones, “Relationship Between Phar-
macokinetics and Pharmacogenomics and Its Impact on Drug Choice 
and Dose Regimens,” in ADME Processes in Pharmaceutical Sciences: 

Dosage, Design, and Pharmacotherapy Success, eds. A. Talevi and P. 
Quiroga (Cham: Springer, 2018), 169–202.

57. C. Dieter, N. E. Lemos, E. Girardi, et al., “The rs3931283/PVT1 and 
rs7158663/MEG3 Polymorphisms Are Associated With Diabetic Kid-
ney Disease and Markers of Renal Function in Patients With Type 2 Di-
abetes Mellitus,” Molecular Biology Reports 50, no. 3 (2023): 2159–2169.

Supporting Information

Additional supporting information can be found online in the 
Supporting Information section.


	A Study on Associations of Long Noncoding RNA HOTAIR Polymorphisms With Genetic Susceptibility to Chronic Kidney Disease
	ABSTRACT
	1   |   Introduction
	2   |   Materials and Methods
	2.1   |   Study Design
	2.2   |   Laboratory and Clinical Analysis
	2.3   |   DNA Extraction, Genotyping, and SNP Selection
	2.4   |   Statistical Analysis

	3   |   Results
	3.1   |   Clinical and Demographic Findings
	3.2   |   Genetic Association Studies
	3.3   |   Haplotype and Interaction Analyses

	4   |   Discussion
	5   |   Conclusion
	Acknowledgments
	Ethics Statement
	Conflicts of Interest
	Data Availability Statement

	References


