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Long Noncoding RNA AF131217.1 Regulated 
Coronary Slow Flow-Induced Inflammation 
Affecting Coronary Slow Flow via KLF4
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ABSTRACT
  Introduction: This study investigated the correlation between the levels of 
long noncoding ribonucleic acids (lncRNAs) AF131217.1 and coronary slow 
flow (CSF).

  Methods: A total of 22 patients in the high-sensitivity C-reactive protein 
(hsCRP) group diagnosed with CSF from January 2018 to December 2018 
were enrolled in this study. Coronary flow velocity was determined using the 
thrombolysis in myocardial infarction frame count (TFC) method. Results: 
LncRNA AF131217.1 expression in the CSF model was activated. Mean TFC 
was positively correlated with lncRNA AF131217.1 levels and hsCRP levels. 

LncRNA AF131217.1 induced inflammation factor levels in the in vitro model. 
Micro ribonucleic acid (miR)-128-3p is a target spot of lncRNA AF131217.1 on 
the inflammation in vitro model via Kruppel-like factor (KLF) 4. MiR-128-3p 
reduced inflammation factor levels (tumor necrosis factor alpha, interleukin 
[IL]-6, IL-1β, and IL-18). Conclusion: Thus, lncRNA AF131217.1 promoted 
inflammation in the regulated CSF via KLF4 by miR-128-3p.
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Abbreviations, acronyms & symbols

ACS
C/EBPβ
cDNA
CSF
ELISA
GAPDH
hsCRP
HUVECs
IL
KLF

 = Acute coronary syndrome
 = CCAAT/enhancer binding protein beta
 = Complementary deoxyribonucleic acid
 = Coronary slow flow
 = Enzyme-linked immunosorbent assay
 = Glyceraldehyde-3-phosphate dehydrogenase
 = High-sensitivity C-reactive protein
 = Human umbilical vein endothelial cells
 = Interleukin
 = Kruppel-like factors

LncRNAs
LPS
MiR
mRNA
Mut
NF-κB
RNA
TFC
TNF-α
WT

 = Long noncoding ribonucleic acids
 = Lipopolysaccharide
 = Micro ribonucleic acid
 = Messenger ribonucleic acid
 = Mutant
 = Nuclear factor kappa B
 = Ribonucleic acid
 = Thrombolysis in myocardial infarction frame count
 = Tumor necrosis factor alpha
 = Wild type

INTRODUCTION

The coronary slow flow (CSF) phenomenon is defined as 
the presence of delayed perfusion of peripheral coronary artery 
identified by coronary arteriography after excluding coronary 
artery disease, cardiomyopathy, valvular disease, congenital 
heart disease, connective tissue disease, etc. Although coronary 

angiography in patients with slow blood flow shows no stenosis 
of coronary artery, recurrent cardiovascular events still occur, 
generally clinically manifested by angina, arrhythmia, or acute 
coronary syndrome (ACS), which may be associated with CSF and 
usually requires emergency admission[1,2]. The exact pathological 
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using a cineangiography. CSF was diagnosed if TFC > 27 in at 
least one coronary artery. Three cardiologists who were blinded 
to the clinical findings independently assessed the TFC.

LncRNA and micro RNA Analysis

Total RNA was purified with the RNeasy Kit (Qiagen). 
Complementary deoxyribonucleic acid (cDNA) and 
complementary RNA were generated and hybridized to 
HumanHT-12 v4 BeadChips (Illumina). Cubic spline-normalized 
(without background normalization) data were analyzed by the 
NIA Array Analysis tool (http://lgsun.grc.nia.nih.gov/ANOVA).

Luciferase Reporter Assay

Micro RNA (miR)-128-3p was inserted into the luciferase gene 
psiCHECK2 vector, named as KLF4-WT (the wild type) or KLF4-
Mut (mutant) 3'-UTR. Next, miR-128-3p was inserted into the 
luciferase gene psiCHECK2 vector, named as lncRNA AF131217.1-
WT or lncRNA AF131217.1-Mut 3'-UTR. After transduction, 
at 48 hours, cell was transduced using Lipofectamine® 2000 
Reagent (Thermo Fisher Scientific, Inc.). The luciferase assay was 
performed using Luciferase Reporter Gene Detection Kit (Sigma-
Aldrich Co., St. Louis, Missouri, United States of America).

Real-Time Reverse Transcription Polymerase Chain Reaction

Total RNA was isolated with the RNeasy Micro Kit (Qiagen) 
and cDNA was synthesized with the Maxima First Strand cDNA 
Synthesis Kit. Quantitative real-time polymerase chain reaction 
was performed using SYBR Green Master Mix. Relative fold 
changes were calculated using the 2-△△Ct method.

Cell Culture and Treatment

Human umbilical vein endothelial cells (HUVECs) were 
cultured in Roswell Park Memorial Institute 1640 medium 
(Thermo Fisher Scientific, Inc.) supplemented with 10% fetal 
bovine serum (Thermo Fisher Scientific, Inc.) at 37°C with 5% 
CO2. HUVECs (1×105/well) were transiently transfected with 50 
nM of lncRNA AF131217.1, silencing lncRNA AF131217.1, miR-
128-3p, and negative control using Lipofectamine® 2000 reagent 
(Invitrogen; Thermo Fisher Scientific, Inc.). After 48 hours of 
transfection, HUVECs were treated with 100 µg/ml oxidized low-
density lipoprotein for 24 hours.

Western Blots

Cells were lysed with radioimmunoprecipitation buffer, 
and protease and phosphatase inhibitors (Sigma-Aldrich) 
were added. Protein concentration was measured using a 
bicinchoninic acid protein assay kit (Beyotime, Jiangsu, China). 
Equal amounts of proteins were separated by 10% sodium 
dodecyl sulphate-polyacrylamide gel electrophoresis and 
transferred to polyvinylidene fluoride membranes. After blocking 
with no-fat skim milk, the membranes were incubated with 
primary antibodies (KLF4, RhoF, nuclear factor kappa B [NF-κB], 
and glyceraldehyde-3-phosphate dehydrogenase) diluted in Tris 
Buffered Saline with Tween 20 overnight at 4°C and then with 

mechanism of CSF is still unclear. At present, there is no 
standardized therapeutic measures for CSF in clinical practice, with 
inconsistent reported efficacy of drug treatment[2]. Studies have 
shown that CSF is strongly associated with cardiovascular adverse 
events, such as arrhythmia, ACS, and sudden cardiac death. In 
addition, the levels of high-sensitivity C-reactive protein (hsCRP), 
vascular cell adhesion molecules, and intercellular adhesion 
molecules are significantly increased in CSF patients than in healthy 
individuals, which is also positively correlated with thrombolysis 
in myocardial infarction frame count (TFC), indicating endothelial 
activation and inflammatory response in CSF patients[2,3].

Kruppel-like factors (KLF) are a type of transcription factors 
with zinc-finger structure, which is characterized by the three 
C2H2 zinc-finger structures at the carboxyl terminal[4]. KLF family 
members are widely involved in the regulation of multiple life 
activities, including cell proliferation, apoptosis, differentiation, 
and embryonic development[5]. The abnormal function of KLF 
family members is strongly associated with metabolic diseases, 
cardiovascular diseases, and cancer. KLF4, originally isolated from 
the gastrointestinal tract, is one of the transcriptional regulators 
required for the early differentiation of adipocytes[6]. It activates 
the expression of the CCAAT/enhancer binding protein beta (C/
EBPβ) gene by binding itself to the promoter of C/EBPβ, thereby 
activating the downstream cascade of fat cell differentiation to 
promote this differentiation[6,7]. In recent years, KLF4 has become 
a research hotspot in relevant fields due to its regulatory roles on 
chronic inflammatory responses of various cells[4].

Long noncoding ribonucleic acids (lncRNAs) are a type of 
noncoding RNA with over 200 bp in length[8]. To date, hundreds 
of thousands of eukaryotic lncRNAs have been found, most of 
which are lowly conservative and involved in the pathogenesis 
and progression of a series of diseases, including tumors, 
nervous system disorders, metabolic diseases, reproductive 
development, and cardiovascular diseases[9]. Long intergenic 
noncoding RNA-p21, a p53-induced lncRNA, is able to inhibit cell 
proliferation and promote apoptosis during atherosclerosis[9,10]. 
This study investigated the correlation between the levels of 
lncRNA AF131217.1 and CSF.

METHODS

Study Subjects and CSF Diagnosis

A total of 22 patients in the hsCRP group diagnosed with 
CSF at the Affiliated Chinese Medicine Hospital of Xinjiang 
Medical University, from January 2018 to December 2018, 
were enrolled in this study. All patients had stenosis of lumen 
diameter < 40% (no significant vascular lesion). The control 
group was 24 patients who did not meet the abovementioned 
criteria. All procedures performed in studies involving human 
participants were in accordance with the ethical standards 
of the institutional and/or National Research Committee and 
with the 1964 Helsinki Declaration and its later amendments or 
comparable ethical standards. This study was approved by the 
Ethics Committee of the Affiliated Chinese Medicine Hospital 
of Xinjiang Medical University. Written informed consent was 
obtained from all individual participants included in the study. 
TFC was used to quantitatively measure coronary blood flow 
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the horseradish peroxidase-conjugated secondary antibody for 
two hours at room temperature. Protein bland was detected 
by electrochemiluminescence chromogenic substrate kits and 
quantified by Image Lab 3.0 (Bio-Rad Laboratories, Inc.).

Enzyme-linked Immunosorbent Assay (ELISA) Kit Analysis

Serum samples were collected at 1000 g for 10 min and used 
to measure tumor necrosis factor alpha (TNF-α), interleukin (IL)-6, 
IL-1β, and IL-18 levels. Cell samples were also collected at 1000 
g for 10 min and used to measure TNF-α, IL-6, IL-1β, and IL-18 
levels. TNF-α, IL-6, IL-1β, and IL-18 ELISA kits were purchased from 
Nanjing Jiancheng Biological Engineering Research Institute Co. 
LTD (Nanjing, China).

Statistical Analysis

All data are expressed as the mean ± standard error of 
mean. P<0.05 was considered statistically significant. Statistical 
significance between groups of data was calculated by Student’s 
t-test or one-way analysis of variance and Tukey's post-test.

RESULTS

LncRNA AF131217.1 Expression in the CSF Model

Initially, we sought to validate lncRNA AF131217.1 expression 
in the CSF model. We found using gene chip that six genes were 
downregulated and 11 genes were upregulated in the CSF 
model (Figures 1A and 1B). LncRNA AF131217.1 expression in 
the CSF model was activated, compared with the control group 
(Figure 1C). Mean TFC was positively correlated with lncRNA 
AF131217.1 levels (Figure 1D) and hsCRP levels (Figure 1E).

LncRNA AF131217.1 Regulated Inflammation in the In Vitro 
Model

Moreover, in the lipopolysaccharide (LPS)-induced in 
vitro model, lncRNA AF131217.1 plasmid increased lncRNA 
AF131217.1 expression and induced inflammation factor levels 
(TNFα, IL-6, IL-1β, and IL-18) (Figures 2A to 2E). Then, in LPS-
induced in vitro model, silencing lncRNA AF131217.1 decreased 
lncRNA AF131217.1 expression and reduced inflammation factor 
levels (TNFα, IL-6, IL-1β, and IL-18) (Figure 2F to 2J). Thus, lncRNA 

Fig. 1 - Long noncoding ribonucleic acid (lncRNA) AF131217.1 expression in the coronary slow flow (CSF) model. Heat map and volcano figure 
of gene chip (A and B), quantitative real-time polymerase chain reaction of lncRNA AF131217.1 expression (C) in the CSF model. The mean 
thrombolysis in myocardial infarction frame count (TFC) was positively correlated with lncRNA AF131217.1 levels (D) and high-sensitivity C-reactive 
protein (hsCRP) levels (E). Control, normal volunteer group; hsCRP, hsCRP patients group. ##P<0.01 compared with normal volunteer group.
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AF131217.1 expression in the CSF model was upregulated and 
started an inflammatory reaction.

MiR-128-3p is a Target Spot of lncRNA AF131217.1 on the 
Inflammation In Vitro Model 

In our search to define the possible target spot of lncRNA 
AF131217.1 on inflammation of CSF, miR-128-3p expression 
had a negative correlation with lncRNA AF131217.1 levels in 
the CSF model (Figure 3A). The relative luciferase activity in 
AF131217.1-WT and miR-128-3p groups was lower than that of 
AF131217.1-Mut and miR-NC cotransfection groups (Figures 3B 
and 3C). Nonetheless, overexpression of lncRNA AF131217.1 su-
ppressed miR-128-3p expression and downregulation of lncRNA 
AF131217.1 induced miR-128-3p expression in LPS-induced in 
vitro model (Figures 3D and 3E).

MiR-128-3p and KLF4 Expressions in the CSF Model

In the rat model of CSF, miR-128-3p expression was 
downregulated and KLF4 expression was upregulated, 
compared with the control group (Figures 4A and 4B). MiR-

128-3p expression had a negative correlation with KLF4 levels 
in the rat model (Figure 4C). Moreover, in LPS-induced in vitro 
model, miR-128-3p plasmid increased miR-128-3p expression 
and reduced inflammation factor levels (TNFα, IL-6, IL-1β, and 
IL-18) (Figures 5A to 5E). Then, in LPS-induced in vitro model, 
simiR-128-3p AF131217.1 decreased miR-128-3p expression and 
promoted inflammation factor levels (TNFα, IL-6, IL-1β, and IL-18) 
(Figures 5F to 5J). Thus, miR-128-3p expression in the CSF model 
was downregulated and revealed anti-inflammatory effect.

KLF4 is a Target Spot of miR-128-3p on the Inflammation In 
Vitro Model 
 
The study defined the possible target spot of miR-128-3p on 
inflammation of CSF, the relative luciferase activity in KLF4-WT 
and miR-128-3p groups was lower than that of KLF4-Mut and 
miR-NC cotransfection groups (Figures 6A and 6B). Nonetheless, 
overexpression of miR-128-3p suppressed KLF4, RhoF, and NF-
-κB protein expressions (Figures 6C to 6E, 6I). Downregulation of 
miR-128-3p induced KLF4, RhoF, and NF-κB protein expressions 
in LPS-induced in vitro model (Figures 6F to 6H, 6J).

Fig. 2 - Long noncoding ribonucleic acid (lncRNA) AF131217.1 regulated inflammation in the in vitro model. LncRNA AF131217 expression 
(A), tumor necrosis factor alpha (TNF-α), interleukin (IL)-6, IL-1β, and IL-18 (B, C, D, and E) in overexpression of lncRNA AF131217 group; 
lncRNA AF131217 expression (F), TNF-α, IL-6, IL-1β, and IL-18 (G, H, I, and J) in downregulation of lncRNA AF131217 group. LPS+Negative, LPS-
induced in vitro model by negative mimics group; LPS+AF131217.1, LPS-induced in vitro model by AF131217.1 group. ##P<0.01 compared with 
LPS+Negative group. LPS=lipopolysaccharide.
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Fig. 3 - Micro ribonucleic acid (miR)-128-3p is a target spot of long noncoding ribonucleic acid (lncRNA) AF131217.1 on the inflammation 
in vitro model. MiR-128-3p expression had a negative correlation with lncRNA AF131217.1 levels in the coronary slow flow model (A). The 
luciferase reporter plasmid containing wild type (WT) or mutant (Mut) AF131217.1 was cotransfected with miR-128-3p (B and C), overexpression 
of lncRNA AF131217.1 suppressed miR-128-3p expression (D), downregulation of lncRNA AF131217.1 induced miR-128-3p expression in 
lipopolysaccharide (LPS)-induced in vitro model (E). LPS+Negative, LPS-induced in vitro model by negative mimics group; LPS+AF131217, LPS-
induced in vitro model by AF131217.1 group. ##P<0.01 compared with LPS+Negative group.

Fig. 4 - Micro ribonucleic acid (MiR)-128-3p and Kruppel-like factor (KLF) 4 expressions in the coronary slow flow (CSF) model (A and B), miR-
128-3p expression had a negative correlation with KLF4 levels in the rat model (C). Control, normal volunteer group; CSF, CSF patients group. 
##P<0.01 compared with normal volunteer group. mRNA=messenger ribonucleic acid
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LncRNA AF131217.1 Regulated Inflammation in the In Vitro 
Model via KLF4 by miR-128-3p

In an attempt to delineate whether miR-128-3p was required 
for lncRNA AF131217.1 induction of KLF4 signaling in CSF, we 
found that miR-128-3p overexpression induced miR-128-3p 
expression and reduced inflammation factor levels (TNFα, IL-6, IL-
1β, and IL-18) in the in vitro model of lncRNA AF131217.1 (Figure 
7A-7E). Meanwhile, miR-128-3p overexpression suppressed KLF4, 
RhoF, and NF-κB protein expressions in the in vitro model of 
lncRNA AF131217.1 (Figure 7F-7I).

DISCUSSION

CSF is defined as the presence of delayed perfusion of 
peripheral coronary artery but without obvious lesions in 
the coronary arteries diagnosed by coronary arteriography 
after excluding coronary spasm, coronary artery dilatation, 
coronary angioplasty, cardiomyopathy, heart valvular disease, 
autoimmune diseases, tumors, and other important organs or 
systemic diseases. More and more attention are being paid to 
the research of CSF, however, the etiology and pathogenesis of 
CSF remain unclear[11-13]. We showed that lncRNA AF131217.1 
expression in the CSF model was activated. Mean TFC was 

positively correlated with lncRNA AF131217.1 levels and hsCRP 
levels. These characteristics suggest that lncRNA AF131217.1 
participated in the pathophysiological process of CSF.

Lu et al.[14] showed that shear-sensitive lncRNA AF131217.1 
reduced inflammation in HUVECs via regulation of KLF4.

Cardiovascular disease is a common disease that threatens 
the health of human beings, especially the elderly[15]. The annual 
number of people dying from cardiovascular disease ranks the 
first globally[15]. LncRNAs are a type of noncoding RNAs with over 
200 nt in length, which are also the most abundantly expressed 
RNA[16,17]. Accumulative studies have revealed that lncRNAs 
play an important regulatory role in the pathogenesis and 
development of cardiovascular diseases[16]. Interestingly, lncRNA 
AF131217.1 induced inflammation factor levels and played an 
important role in the inflammation of CSF.

Wang et al.[18] showed that miR-128-3p accelerates 
cardiovascular calcification in type 2 diabetes mellitus rats. Studies 
have shown that CSF is closely associated with cardiovascular 
adverse events, including arrhythmia, ACS, and sudden cardiac 
death[19,20]. When coronary angiography is performed on patients 
with suspected cardiovascular disease, the detection rate of CSF 
is approximately 1%[19]. Recent studies have demonstrated that 
inflammatory response plays an important role in the pathogenesis 

Fig. 5 - Micro ribonucleic acid (MiR)-128-3p regulated inflammation in the in vitro model. MiR-128-3p expression (A), tumor necrosis factor 
alpha (TNF-α), interleukin (IL)-6, IL-1β, and IL-18 (B, C, D, and E) in overexpression of miR-128-3p group; miR-128-3p expression (F), TNF-α, IL-6, 
IL-1β, and IL-18 (G, H, I, and J) in downregulation of miR-128-3p group. LPS+Negative, LPS-induced in vitro model by negative mimics group; 
LPS+miR-128-3p, LPS-induced in vitro model by miR-128-3p group. ##P<0.01 compared with LPS+Negative group. LPS=lipopolysaccharide
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of the KLF family, KLF2 and KLF15 can also competitively bind 
with P300[24]. It has been reported that KLF4 can bind to the active 
subunit P65 of NF-κB in vascular endothelial cells, to promote the 
binding of P65 to its downstream inflammatory factor vascular cell 
adhesion molecule 1, thereby playing a pro-inflammatory role[25]. 
Meanwhile, we found that KLF4 is a target spot of miR-128-3p on 
the inflammation in vitro model.

CONCLUSION

In summary, lncRNA AF131217.1 expression in the CSF model 
was activated and promoted inflammation by the suppression of 
miR-128-3p via KLF4/RhoF/NF-κB signal pathway, and this may 

Fig. 6 - Kruppel-like factor (KLF) 4 is a target spot of micro ribonucleic acid (MiR)-128-3p on the inflammation in vitro model. The luciferase 
reporter plasmid containing wild type (WT) or mutant (Mut) KLF4 was cotransfected with miR-128-3p (A and B), KLF4, RhoF, and nuclear factor 
kappa B (NF-κB) protein expressions (C, D, E, and I) by overexpression of miR-128-3p; KLF4, RhoF, and NF-κB protein expressions (F, G, H, and J) 
by downregulation of miR-128-3p. LPS+Negative, LPS-induced in vitro model by negative mimics group; LPS+miR-128-3p, LPS-induced in vitro 
model by miR-128-3p group; LPS+simiR-128-3p, LPS-induced in vitro model by simiR-128-3p group. ##P<0.01 compared with LPS+Negative 
group. GAPDH=glyceraldehyde-3-phosphate dehydrogenase; LPS=lipopolysaccharide

of CSF[19,21]. Our study showed that miR-128-3p is a target spot of 
lncRNA AF131217.1 on the inflammation in vitro model.

KLF4 has been reported to physically bind to the active subunit 
P65 of transcription factor NF-κB in vascular endothelial cells to 
prevent the nuclear translocation of P65, thereby exerting its anti-
inflammatory role by inhibiting the transcriptional activation on 
downstream inflammatory factors of P65[22]. In endothelial cells and 
immune cells, P300 can bind with the active subunit P65 of NF-κB 
to induce acetylation of P65, thereby promoting the transcriptional 
activation on downstream inflammatory factors by P65[23]. 
Overexpressed KLF4 can competitively bind to P300, inhibiting the 
binding of P300 with P65 to attenuate its transcriptional activity, 
subsequently exerting an anti-inflammatory effect[23]. As members 
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play an important role in the pathogenesis of CSF. An elevated 
plasma lncRNA AF131217.1 level may indicate the presence of 
CSF. Further studies are needed to establish clinical significance 
of increased plasma lncRNA AF131217.1 levels and to investigate 
the therapeutic efficacy of targeting miR-128-3p/KLF4/RhoF/
NF-κB signal pathway.

Fig. 7 - Long noncoding ribonucleic acid AF131217.1 regulated inflammation in the in vitro model via Kruppel-like factors (KLF) 4 by micro 
ribonucleic acid (miR)-128-3p. MiR-128-3p expression (A), tumor necrosis factor alpha (TNF-α), interleukin (IL)-6, IL-1β, IL-18, KLF4, RhoF, and 
nuclear factor kappa B (NF-κB) protein expressions (B, C, D, E, F, G, H, and I). LPS+Negative, LPS-induced in vitro model by negative mimics group; 
LPS+AF131217, LPS-induced in vitro model by AF131217.1 group; LPS+AF131217+miR-128-3p, LPS-induced in vitro model by AF131217.1 and 
miR-128-3p group. ## P<0.01 compared with LPS+Negative group; ** P<0.01 compared with LPS+ AF131217.1 group. GAPDH=glyceraldehyde-
3-phosphate dehydrogenase; LPS=lipopolysaccharide
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