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Abstract
Background: Diabetic nephropathy is a kidney disease caused by long-term hy-
perglycemia. Hsa_circRNA_102682 is related to the pathogenesis of preeclampsia. 
Preeclampsia is related to hypertension and proteinuria, and diabetic nephropathy is 
mainly manifested by hypertension and proteinuria. The main pathological change in 
diabetic nephropathy is glomerular fibrosis.
Methods: This study used serum samples of patients treated at Li Huili Eastern 
Hospital, Ningbo, China, from July 10, 2018 to February 15, 2019. We included 73 
patients with diabetes and divided them into a normal-homocysteine group and a 
high-homocysteine group. We selected used quantitative reverse transcriptase-
polymerase chain reaction to measure Hsa_circRNA_102682 concentration in the 
serum. Serum transforming growth factor-beta and connective tissue growth factor 
levels were tested using ELISA. The Pearson correlation test was used to assess the 
correlations between Hsa_circRNA_102682, transforming growth factor-beta, con-
nective tissue growth factor, homocysteine, and creatinine.
Result: Hsa_circRNA_102682 was significantly lower in diabetic patients with high lev-
els of homocysteine than in those with normal levels of homocysteine, whereas trans-
forming growth factor-beta and connective tissue growth factor levels were higher in 
diabetic patients with hyperhomocysteinemia. Hsa_circRNA_102682 was negatively 
correlated with the levels of transforming growth factor-beta, connective tissue growth 
factor, homocysteine, and creatinine. Transforming growth factor-beta and connective 
tissue growth factor were both positively correlated with homocysteine and creatinine.
Conclusion: Low Hsa_circRNA_102682 was associated with high levels of transform-
ing growth factor-beta and connective tissue growth factor as well as homocysteine 
and creatinine. These results suggest that Hsa_circRNA_102682 might be related to 
the pathogenesis of hyperhomocysteinemia in diabetic nephropathy.
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1  |  INTRODUC TION

Diabetic nephropathy (DN) is the main cause of end-stage renal 
disease, and with the rising incidence of diabetes, there are more 
and more patients with DN.1 Although the main cause of DN is 
hyperglycemia-induced vascular dysfunction, its progression is 
also driven by a series of pathological mechanisms including in-
trarenal oxidative stress, inflammation, and fibrosis.2 In the past, 
DN was considered to be a simple vascular disease, but DN is 
now recognized as a multidimensional and multicellular disease. 
DN is a major microvascular complication of diabetes. It is char-
acterized by persistent proteinuria (urine albumin to creatinine 
ratio ≥30 mg/g) and decreased glomerular filtration rate (eGFR 
<60  ml/min/1.73  m2).3 Serum homocysteine (Hcy) is an amino 
acid formed during the conversion of methionine into cystine 
in the body. The normal range of Hcy in blood is 5–15 μmol/L. 
An excess of homocysteine in the blood or urine is known as 
hyperhomocysteinemia,4 which is a risk factor of diabetic 
nephropathy.5

As a major chronic complication of type 2 diabetes and the most 
frequent form of chronic kidney disease, main renal injury of kidney 
is glomerular fibrosis. Transforming growth factor-beta (TGFβ) is a 
key player in tissue fibrogenesis and is proposed to be the major reg-
ulator in inducing epithelial-to-mesenchymal transition (EMT). In ad-
dition to extracellular matrix (ECM) protein synthesis, TGF-β is also 
involved in hypertrophy, proliferation, and apoptosis of renal cells.6 
TGF-β/Smad2/3 signaling is activated in kidney tissues of DN rats 
and high glucose-treated NRK-52E cells.7,8 Connective tissue growth 
factor (CTGF) is another major fibrotic factor; it participates in cell 
proliferation, migration, and differentiation and mediates profibrotic 
activity.9 CTGF also has the potential to modulate factors such as 
vascular endothelial growth factor (VEGF) and bone morphogenic 
proteins.10 Renal CTGF may serve as an early marker for progression 
to dysfunction in DN.11,12

Circular RNAs (circRNAs) have no 5′ or 3′ end and no polyA 
tail.13,14 CircRNA has a relatively stable structure, with highly 
tissue-specific expression in eukaryotic transcriptomes.15 There 
has been evidence that thousands of endogenous circRNAs exist 
in mammalian cells.16 Similarly, there is increasing evidence that 
circRNAs play a role in diseases. For example, circular RNA ciRS-7 
may represent a useful target in the development of therapeutic 
strategies for Alzheimer's disease,17 and linear and circular expres-
sion of INK4/ARF-associated non-coding RNA is associated with 
atherosclerotic risk,18 Hsa_circ_0054633 in peripheral blood can 
be used as a diagnostic biomarker for pre-diabetes and type 2 di-
abetes mellitus,19 and Hsa_circ_002059 may be a potential novel 
and stable biomarker for the diagnosis of gastric carcinoma.20 
Although Hsa_circRNA_102682  has not been tested for its as-
sociation with diabetes,19 there have been reports of its relation 
to the pathogenesis of preeclampsia.21 Here, we sought to study 
whether Hsa_circRNA_102682 can be used as a potential bio-
marker for DN.

2  |  MATERIAL S AND METHODS

2.1  |  Subjects

This study was performed at Li Huili Eastern Hospital, Ningbo 
University Medical Center, Zhejiang Province, China. The subjects 
were patients with diabetes who came to the hospital for examina-
tion from July 10, 2018–February 15, 2019. We excluded patients 
with comorbidities such as hypertension, liver or kidney diseases, or 
cancer. The study was approved by the Ethics Committee of Ningbo 
University School of Medicine. All participants provided written in-
formed consent. The diagnostic criteria for diabetes were one of the 
following three conditions as follows: typical symptoms of diabetes 
(thirst, increased urine, excess food and, weight loss) plus random 
blood glucose ≥11.1 mmol/L, FPG ≥7.0 mmol/L (125 mg/dl), or OGTT 
(oral glucose tolerance test) 2 h PG ≥11.1 mmol/L (200 mg/dl). Blood 
biochemical indicators BP, TG, TC, LDL-L, HDL-L, FPG, HBAIC, cre-
atinine, Hcy, and BMI were also recorded.

2.2  |  Specimen collection and preservation

The patient serum samples were collected from Li Huili Eastern 
Hospital, Ningbo University Medical Center, on July 10, 2018 and 
February 15, 2019. Peripheral venous blood (3  ml) was collected 
and centrifuged (at 3000 rpm for 10 min at room temperature). The 
serum was then immediately collected and stored at −80°C until use.

2.3  |  Total RNA extraction and cDNA synthesis

According to the manufacturer's instructions, total RNA was iso-
lated from the serum using TRIzol LS reagent (Invitrogen, Karlsruhe, 
Germany). The purity of the extracted RNA was measured with an 
ultraviolet spectrophotometer and samples with an absorbance 
ratio for 260/280 nm of 1.8–2.1 were used for further analysis. RNA 
was reverse-transcribed to cDNA using the HiFi-MMLV cDNA first-
strand synthesis kit (CWBIO) at 42°C for 50 min, 85°C for 5 min, and 
immediately stored at −80°C until use.

2.4  |  Quantitative reverse transcription-
polymerase chain reaction (qRT-PCR)

For quantitative purposes, real-time PCR analysis was performed 
using LightCycler 480 SYBR Green I Master kit on LightCycler 480 
II (Roche). qRT-PCR was performed under the following conditions: 
an initial denaturation step for 5 min at 95°C, followed by 45 cy-
cles of 94°C for 10  s and primer-specific annealing temperature 
for 20 s, and 72°C for 30 s. The annealing temperature of Hsa_cir-
cRNA_102682 was 59°C and that of β-actin was 56°C. The thresh-
old cycling method was used to calculate the relative fold changes, 
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and β-actin was used as an internal standardized control. The experi-
ment was carried out three times independently.

2.5  |  ELISA assays

Serum TGF-β and CTGF were measured by ELISA following the man-
ufacturer instructions. TGF-β (BMS249-4) kit was purchased from 
Invitrogen, CA, US, and CTGF kit (DRE10422) was purchased from 
QiaoDu Biotec Company, Shanghai, China.

2.6  |  Statistical analyses

Statistical analysis of the data was performed using GraphPad 
Prism 8.0 for Windows and SPSS version 18.0. Variables are ex-
pressed as mean ±standard deviation, percentage, or median 
(quartile). All data were first tested using the Kolmogorov-Smirnov 
test to determine whether the values were normally distributed. 
For data that followed the normal distribution, the homogeneity 
test of variance was carried out. When the normal distribution 
and homogeneity of variance were both satisfied, the independ-
ent sample t test was used p < 0.05 was considered statistically 
significant. Pearson's correlation test was used to analyze the cor-
relation between two variables.

3  |  RESULT

3.1  |  Participant characteristics

Diabetic patients were divided into two groups based on Hcy levels: 
a normal-Hcy group (serum Hcy in the normal range of 5–15 μmol/L) 
and a high-Hcy group (serum Hcy >15 μmol/L). Table 1 shows the 
clinical characteristics of these two groups of patients. Age, body 
mass index (BMI), fasting blood glucose (FPG), blood pressure (BP), 
glycated hemoglobin (HbA1c), triglyceride (TG), total cholesterol 
(TC), low-density lipoprotein (LDL-L), high-density lipoprotein (HDL-
L), insulin, or C peptide were not statistically different between 
the two groups (p >  0.05), but creatinine (Cr) values were signifi-
cantly higher in the high-Hcy group than in the normal-Hcy group 
(p < 0.0001).

3.2  |  Hsa_circRNA_102682 expression is low in 
patients with hyperhomocysteinemia, and there is 
a correlation between Hsa_circRNA_102682 and 
Hcy values.

Figure 1 compares the expression of Hsa_circRNA_102682 in the 
two groups. Hsa_circRNA_102682 was highly expressed in dia-
betic patients with normal homocysteine, and its expression is sig-
nificantly lower in patients with hyperhomocysteinemia (p < 0.05). 

Next, we analyzed the correlation between high-Hcy values and 
Hsa_circRNA_102682. As shown in Figure  1B, there was a nega-
tive correlation between the Hcy and Hsa_circRNA_102682  levels 
(r = −0.7289, p < 0.0001).

3.3  |  There is a negative correlation between Hsa_
circRNA_102682 and creatinine

Further analysis was performed to determine whether there was 
a correlation between creatinine and Hsa_circRNA_102682. The 
results are shown in Figure 1C, and there was a negative correla-
tion (r = −0.4761, p = 0.0002) between Hsa_circRNA_102682 and 
creatinine.

3.4  |  Fibrotic factors TGF-β and CTGF were 
high in the serum of diabetic patients with 
hyperhomocysteinemia, and they were negatively 
correlated with Hsa_circRNA_102682 and positively 
correlated with homocysteine and creatinine.

Next, we tested TGF-β and CTGF levels in the serum of diabetic 
patients with and without hyperhomocysteinemia by ELISA. 
As shown in Figure  2A, TGF-β level was significantly higher in 
the high-Hcy group than in the normal-Hcy group (p  <  0.0001). 
Correlation analysis showed that TGF-β was negatively correlated 

TA B L E  1 Clinical characteristics of the study population (normal 
serum homocysteine and high serum homocysteine)

Normal 
(n = 30) High (n = 43) pa

Age, year 60.13 ± 1.73 62.93 ± 2.10 0.34

Medical history, 
year

10.00 ± 0.90 12.47 ± 1.08 0.10

BMI, Kg/m2 24.92 ± 0.30 24.22 ± 0.24 0.07

BP, mmHg 145.0 ± 2.30 147.6 ± 2.35 0.44

75.80 ± 1.44 74.23 ± 1.05 0.37

FPG, mmol/L 9.07 ± 0.47 9.81 ± 0.46 0.28

HBAIC, % 9.21 ± 0.01 9.37 ± 0.01 0.74

TG, mmol/L 2.58 ± 0.33 2.01 ± 0.16 0.09

TC, mmol/L 4.95 ± 0.16 4.89 ± 0.16 0.80

HDL-L, mmol/L 1.16 ± 0.04 1.23 ± 0.06 0.44

LDL-L, mmol/L 2.84 ± 0.14 2.89 ± 0.13 0.79

C peptide, nmol/L 0.70 ± 0.06 0.74 ± 0.04 0.59

Insulin, mIU/L 17.19 ± 2.71 21.59 ± 1.92 0.17

Creatinine, µmol/L 75.56 ± 2.46 105.0 ± 3.14 <0.0001

Abbreviations: BMI, body mass index; BP, blood pressure; FPG, fasting 
blood glucose; HbA1c, glycated hemoglobin; HDL-L, high density 
lipoprotein; LDL-L, low density lipoprotein; TC, total cholesterol; TG, 
triglyceride.
aAll variables were compared using an independent samples t test or 
nonparametric test
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with Hsa_circRNA_102682 (r  =  −0.4595, p < 0.0001, Figure  2B) 
and was positively correlated with homocysteine (r  =  0.03983, 
p  <  0.001, Figure  2C) and creatinine (r  =  0.3843, p  <  0.0001, 
Figure  2D). Similarly to TGF-β, CTGF level was much higher in 
the high-Hcy group than in the normal-Hcy group (p <  0.0001, 
Figure  3A). Correlation analysis showed that CTGF was nega-
tively correlated with Hsa_circRNA_102682 (r  =  −0.6615, 
p < 0.0001, Figure 3B) and positively correlated with homocyst-
eine (r = 0.6287, p < 0.0001, Figure 3C) and creatinine (r = 0.4171, 
p < 0.0001, Figure 3D).

3.5  |  Potential diagnostic values of Hsa_
circRNA_102682 and creatinine

Next, we explored the potential diagnostic value of Hsa_cir-
cRNA_102682 and creatinine. The ROC curve analysis was con-
ducted, and the area under the ROC curve (AUC) was 0.9735, 
0.8460, and 0.9730 for Hsa_circRNA_102682, serum creati-
nine, and their combination (Figure  4). Hsa_circRNA_102682 
has a slightly higher diagnostic value than creatinine and their 
combination.

F I G U R E  1 Hsa_circRNA_102682 
in diabetic patients with 
hyperhomocysteinemia. (A) Serum levels 
of Hsa_circRNA_102682 in diabetic 
patients with normal Hcy (Normal; 
n = 30) and high Hcy (High; n = 43). 
(B) Correlation analysis of the serum 
Hsa_circRNA_102682 level with Hcy. (C) 
Correlation analysis of the serum Hsa_
circRNA_102682 level with creatinine

F I G U R E  2 TGF-β was correlated 
with Hsa_circRNA_102682, Hcy, and 
creatinine. (A) TGF-β level in diabetic 
patients with hyperhomocysteinemia. 
(B) TGF-β was negatively correlated with 
Hsa_circRNA_102682. (C) TGF-β was 
positively correlated with Hcy. D. TGF-β 
was positively correlated with creatinine
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4  |  DISCUSSION

In this study, we collected clinical data of diabetes patients who 
were divided into two groups based on Hcy values. In the past, many 
studies have shown that circRNAs can be used as diagnostic mark-
ers for diseases. For example, Hsa_circ_0054633 in the peripheral 
blood can be used as a diagnostic biomarker for pre-diabetes and 
type 2 diabetes,19 and Hsa_circ_0001649 can be used as a potential 

new biomarker for hepatocellular carcinoma.22 The circRNA Hsa_
circ_0067934 is up-regulated in esophageal squamous cell car-
cinoma and promotes tumor cell proliferation.23 Comprehensive 
circRNA analysis shows that Hsa_circ_0005075 is a new circRNA 
biomarker that is involved in the development of hepatocellular 
carcinoma.24 Hsa_circ_102682 in the placental tissue has potential 
diagnostic value for preeclampsia.14 Because preeclampsia is re-
lated to hypertension and proteinuria and DN is mainly manifested 
by hypertension and proteinuria, we hypothesized that Hsa_cir-
cRNA_102682 is related to DN.

Our current results showed that Hsa_circRNA_102682 was 
highly expressed in diabetic patients with normal Hcy, and its ex-
pression was low in diabetic patients with high Hcy. Further, there 
was a correlation between Hcy and Hsa_circRNA_102682. As Hcy 
is associated with hypertension and an independent risk factor for 
DN,25,26 Hsa_circRNA_102682 might be a potential biomarker for 
DN. Comparison of the clinical data of the two groups of patients 
showed that the creatinine value was significantly different between 
the two groups. Further analysis showed a negative correlation be-
tween Hsa_circRNA_102682 and creatinine value. Because the cre-
atinine value is a diagnostic indicator of renal disease, our results 
suggest an association between Hsa_circRNA_102682 and DN.

DN is a pathological change in kidney tissues caused by long-
term hyperglycemia.27 It is the most important cause of renal fail-
ure in end-stage renal disease (ESRD), and it is also one of the 
main causes of death in patients with diabetes.28 Major changes 
in the kidneys of patients with DN include ultrafiltration of the 
glomeruli, glomerular hypertrophy, thickening of the glomerular 
basement membrane, deposition of mesangial matrix, and in-
creased urine protein excretion, which eventually develop into 
glomerulosclerosis.29,30 Fibrosis is a terminal pathological change 
in most chronic diseases. Renal fibrosis gradually impairs kidney 
function as fibrosis worsens.31-33 In recent years, the prevalence 

F I G U R E  3 CTGF was correlated 
with Hsa_circRNA_102682, Hcy, and 
creatinine. (A) CTGF level in diabetic 
patients with hyperhomocysteinemia; 
(B) CTGF was negatively correlated with 
Hsa_circRNA_102682. (C) CTGF was 
positively correlated with Hcy. (D) CTGF 
was positively correlated with creatinine

F I G U R E  4 ROC analysis of the expression of Hsa_
circRNA_102682 and creatinine for the diagnosis of DN. The ROC 
curve analysis was conducted, and the area under ROC curve was 
0.9735, 0.8460, and 0.9730 for Hsa_circRNA_102682, serum 
creatinine, and their combination. AUC: area under the curve
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of DN has been increasing rapidly. The onset of DN is insidious. 
Once a patient with DN enters the stage of severe proteinuria, the 
disease progresses to ESRD about 14 times faster than in other 
kidney diseases.34 Therefore, early diagnosis, prevention, delay of 
the development, and progression of DN are of great significance 
to improve the survival and quality of life of diabetic patients. In 
the current study, the levels of fibrotic factors TGF-β and CTGF 
were high in patients with diabetic hyperhomocysteinemia and 
were negatively correlated with Hsa_circRNA_102682. These 
data suggest that Hsa_circRNA_102682 may be involved in DN 
pathogenesis. Serum Hcy is a metabolite of methionine and is re-
lated to coronary heart disease, diabetes, cerebral infarction, ath-
erosclerosis, hypertension, and stroke. Hyperhomocysteinemia is 
increasingly reported as an independent risk factor of DN.35,36 A 
number of studies have shown that there is a certain relationship 
between hyperhomocysteinemia and DN. Hyperhomocysteinemia 
can increase end-glycosylation metabolites in diabetes, exacer-
bate vascular endothelial damage and cause renal microcirculation 
disorders.37 Moreover, elevated plasma Hcy levels promote the 
generation of oxygen free radicals, causing damage to endothelial 
cells, aggravating albuminuria, and then further increasing blood 
Hcy, thereby forming a vicious circle. Hyperhomocysteinemia is 
an independent risk factor for the development of DN, and it is 
a reliable indicator for evaluating renal function damage in DN.38 
In our results, serum TGF-β and CTGF levels were positively cor-
related with Hcy and creatinine levels. Serum creatinine is an im-
portant clinical indicator for renal insufficiency. Our ROC analysis 
data indicated that the AUC of Hsa_circRNA_102682 was 0.9735, 
which was higher than that of creatinine (0.8460), and approxi-
mately the same as the AUC of their combination (0.9730). This re-
sult suggests that Hsa_circRNA_102682 might be more sensitive 
than creatinine for testing renal function in DN. These data sug-
gest that Hsa_circRNA_102682 is associated with DN inflamma-
tion, which results in Hcy increasing and finally renal dysfunction. 
Furthermore, the diagnostic accuracy of Hsa_circRNA_102682 is 
higher than that of creatinine in diabetic nephropathy.

In summary, in view of the diagnostic roles of Hcy and creatinine 
in DN and the correlations of Hsa_circRNA_102682 to TGF-β and 
CTGF, as well as Hcy and creatinine, Hsa_circRNA_102682 might be 
a potential diagnostic indicator of DN.

ACKNOWLEDG EMENTS
This work was supported by the Ningbo Science and Technology 
Innovation Team Program (2014B82002 to SB), National Natural 
Science Foundation of China (81370165 to SB), Ningbo Science and 
Technology Huiming Program (201701CX- D02072 to QX), and Fang 
Runhua Fund of Hong Kong in Ningbo University.

CONFLIC TS OF INTERE S T
No potential conflicts of interest were reported by the authors.

DATA AVAIL ABILIT Y S TATEMENT
Data are available on request to the authors.

ORCID
Shizhong Bu   https://orcid.org/0000-0001-5196-6030 

R E FE R E N C E S
	 1.	 Magee C, Grieve DJ, Watson CJ, Brazil DP. Diabetic nephropathy: a 

tangled web to unweave. Cardiovasc Drugs Ther. 2017;31:579-592.
	 2.	 Nakao M, Morita K, Shinohara G, Kunihara T. Excellent restoration 

of left ventricular compliance after prolonged del nido single-dose 
cardioplegia in an in vivo piglet model. Semin Thorac Cardiovasc 
Surg. 2019;32(3):475-483.

	 3.	 Papadopoulou-Marketou N, Paschou SA, Marketos N, Adamidi S, 
Adamidis S, Kanaka-Gantenbein C. Diabetic nephropathy in type 1 
diabetes. Minerva Med. 2018;109:218-228.

	 4.	 Finkelstein JD, Martin JJ. Homocysteine. Int J Biochem Cell Biol. 
2000;32:385-389.

	 5.	 Ganguly P, Alam SF. Role of homocysteine in the development of 
cardiovascular disease. Nutr J. 2015;14:6.

	 6.	 Sutariya B, Jhonsa D, Saraf MN. TGF-β: the connecting link be-
tween nephropathy and fibrosis. Immunopharmacol Immunotoxicol. 
2016;38(1):39-49.

	 7.	 Zeng Y, Feng Z, Liao Y, Yang M, Bai Y, He Z. Diminution of microR-
NA-98 alleviates renal fibrosis in diabetic nephropathy by elevat-
ing Nedd4L and inactivating TGF-β/Smad2/3 pathway. Cell Cycle. 
2020;19(24):3406-3418.

	 8.	 Ma TT, Meng XM. TGF-β/Smad and Renal Fibrosis. Adv Exp Med 
Biol. 2019;1165:347-364.

	 9.	 Chen XM, Qi W, Pollock CA. CTGF and chronic kidney fibrosis. 
Front Biosci (Schol Ed). 2009;1(1):132-141.

	10.	 Oh H, Park SH, Kang MK, et al. Asaronic acid inhibited glucose-
triggered M2-phenotype shift through disrupting the formation 
of coordinated signaling of IL-4Rα-Tyk2-STAT6 and GLUT1-Akt-
mTOR-AMPK. Nutrients. 2020;12(7):2006.

	11.	 Thomson SE, McLennan SV, Kirwan PD, et al. Renal connective tis-
sue growth factor correlates with glomerular basement membrane 
thickness and prospective albuminuria in a non-human primate 
model of diabetes: possible predictive marker for incipient diabetic 
nephropathy. J Diabetes Complications. 2008;22(4):284-294.

	12.	 Gifford CC, Tang J, Costello A, et al. Negative regulators of TGF-β1 
signaling in renal fibrosis; pathological mechanisms and novel ther-
apeutic opportunities. Clin Sci (Lond). 2021;135(2):275-303.

	13.	 Memczak S, Jens M, Elefsinioti A, et al. Circular RNAs are a large class 
of animal RNAs with regulatory potency. Nature. 2013;495:333-338.

	14.	 Ledford H. Circular RNAs throw genetics for a loop. Nature. 
2013;494:415.

	15.	 Chen LL, Yang L. Regulation of circRNA biogenesis. RNA Biol. 
2015;12:381-388.

	16.	 Guo JU, Agarwal V, Guo H, Bartel DP. Expanded identification 
and characterization of mammalian circular RNAs. Genome Biol. 
2014;15:409.

	17.	 Akhter R. Circular RNA and alzheimer's disease. Adv Exp Med Biol. 
2018;1087:239-243.

	18.	 Burd CE, Jeck WR, Liu Y, Sanoff HK, Wang Z, Sharpless NE. 
Expression of linear and novel circular forms of an INK4/ARF-
associated non-coding RNA correlates with atherosclerosis risk. 
PLoS Genet. 2010;6.e1001233

	19.	 Zhao Z, Li X, Jian D, Hao P, Rao L, Li M. Hsa_circ_0054633 in pe-
ripheral blood can be used as a diagnostic biomarker of pre-diabetes 
and type 2 diabetes mellitus. Acta Diabetol. 2017;54:237-245.

	20.	 Li P, Chen S, Chen H, et al. Using circular RNA as a novel type of 
biomarker in the screening of gastric cancer. Clinica Chimica Acta; 
Int J Clin Chem. 2015;444:132-136.

	21.	 Qian Y, Lu Y, Rui C, Qian Y, Cai M, Jia R. Potential Significance 
of Circular RNA in Human Placental Tissue for Patients with 
Preeclampsia. Cellular Physiol Biochem. 2016;39:1380-1390.

https://orcid.org/0000-0001-5196-6030
https://orcid.org/0000-0001-5196-6030


    |  7 of 7HU et al.

	22.	 Qin M, Liu G, Huo X, et al. Hsa_circ_0001649: a circular RNA and 
potential novel biomarker for hepatocellular carcinoma. Cancer 
Biomarkers. 2016;16:161-169.

	23.	 Xia W, Qiu M, Chen R, et al. Circular RNA has_circ_0067934 is up-
regulated in esophageal squamous cell carcinoma and promoted 
proliferation. Sci Rep. 2016;6:35576.

	24.	 Shang X, Li G, Liu H, et al. Comprehensive circular RNA profiling 
reveals that hsa_circ_0005075, a new circular RNA biomarker, 
is involved in hepatocellular crcinoma development. Medicine. 
2016;95:e3811

	25.	 López V, Uribe E, Moraga FA. Activation of arginase II by asym-
metric dimethylarginine and homocysteine in hypertensive rats in-
duced by hypoxia: a new model of nitric oxide synthesis regulation 
in hypertensive processes? Hypertens Res. 2021;44(3):263-275.

	26.	 Mao S, Xiang W, Huang S, Zhang A. Association between homocys-
teine status and the risk of nephropathy in type 2 diabetes mellitus. 
Clin Chim Acta. 2014;20(431):206-210.

	27.	 Qi C, Mao X, Zhang Z, Wu H. Classification and differential diagno-
sis of diabetic nephropathy. J Diabetes Res. 2017;2017:8637138.

	28.	 Bermejo S, Pascual J, Soler MJ. The current role of renal biopsy in 
diabetic patients. Minerva Med. 2018;109:116-125.

	29.	 Awad AS, You H, Gao T, et al. Macrophage-derived tumor ne-
crosis factor-alpha mediates diabetic renal injury. Kidney Int. 
2015;88:722-733.

	30.	 Zeng LF, Xiao Y, Sun L. A glimpse of the mechanisms related to renal 
fibrosis in diabetic nephropathy. Adv Exp Med Biol. 2019;1165:49-79.

	31.	 Romagnani P, Remuzzi G, Glassock R, et al. Chronic kidney disease. 
Nat Rev Dis Primers. 2017;23(3):17088.

	32.	 Kang HM, Ahn SH, Choi P, et al. Defective fatty acid oxidation in 
renal tubular epithelial cells has a key role in kidney fibrosis devel-
opment. Nat Med. 2015;21(1):37-46.

	33.	 Li R, Guo Y, Zhang Y, Zhang X, Zhu L, Yan T. Salidroside ameliorates 
renal interstitial fibrosis by inhibiting the TLR4/NF-κB and MAPK 
signaling pathways. Int J Mol Sci. 2019;20(5):1103.

	34.	 Eisenreich A, Leppert U. Update on the protective renal ef-
fects of metformin in diabetic nephropathy. Curr Med Chem. 
2017;24:3397-3412.

	35.	 Abbas S, Raza ST, Ahmed F, Ahmad A, Rizvi S, Mahdi F. Association 
of genetic polymorphism of PPARgamma-2, ACE, MTHFR, FABP-2 
and FTO genes in risk prediction of type 2 diabetes mellitus. J 
Biomed Sci. 2013;20:80.

	36.	 El Hajj Chehadeh SW, Jelinek HF, Al Mahmeed WA, et al. 
Relationship between MTHFR C677T and A1298C gene polymor-
phisms and complications of type 2 diabetes mellitus in an Emirati 
population. Meta gene. 2016;9:70-75.

	37.	 Nemr R, Salman RA, Jawad LH, Juma EA, Keleshian SH, Almawi 
WY. Differential contribution of MTHFR C677T variant to the risk 
of diabetic nephropathy in Lebanese and Bahraini Arabs. Clin Chem 
Lab Med. 2010;48:1091-1094.

	38.	 Mtiraoui N, Ezzidi I, Chaieb M, et al. MTHFR C677T and A1298C 
gene polymorphisms and hyperhomocysteinemia as risk factors of 
diabetic nephropathy in type 2 diabetes patients. Diabetes Res Clin 
Pract. 2007;75:99-106.

How to cite this article: Hu F, Sha W, Dai H, et al. Lower 
expression of Hsa_circRNA_102682 in diabetic 
hyperhomocysteinemia negatively related to creatinemia is 
associated with TGF-β and CTGF. J Clin Lab Anal. 
2021;35:e23860. https://doi.org/10.1002/jcla.23860

https://doi.org/10.1002/jcla.23860

