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The value of miRNAs in the prognosis of obese  
patients receiving bariatric surgery

Jiachen Liu*, Danyue Yang*, Biao Wang, Yang Zeng, Weizheng Li

Department of General Surgery, Third Xiangya Hospital, Central South University, No. 138 Tongzipo Road Yuelu 
District, Changsha 410013, Hunan, People’s Republic of China. *Equal contributors.

Received September 2, 2020; Accepted January 6, 2021; Epub April 15, 2021; Published April 30, 2021

Abstract: Bariatric surgery has been the first-line treatment for obesity. Since the 2010s, gradual changes in miR-
NAs upon surgery have been observed. Substantial research has been undertaken on the role of bariatric surgery 
in the gastrointestinal tract. However, bariatric surgery research largely ignores the role of miRNAs in organs other 
than the gastrointestinal tract, while the contribution of miRNAs to this process has received little attention. This 
review addresses a neglected aspect of miRNAs in obese patients undergoing bariatric surgery, especially the obvi-
ous effect on multisystem organs. This finding provides evidence that miRNAs play a complex yet important role in 
the functional stability of each organ and the weight loss efficacy after bariatric surgery. The results provide a solid 
evidence base for the mechanism of bariatric surgery. Taking into account incompatible medication adherence 
associated with adverse outcomes, suggestions were identified for an efficient technical refinement of bariatric 
surgery with better clinical results.
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Introduction

Obesity and related diseases affect 50% of the 
world’s population, and bariatric surgery is one 
of the most cost-effective interventions for 
long-term weight loss [1]. Although it has a sig-
nificant weight loss effect, a detailed under-
standing of the molecular mechanisms behind 
the success of bariatric surgery is required.  
The long-term outcomes of bariatric surgery in 
patients with severe obesity are no longer lim-
ited to the gastrointestinal tract, as whole- 
body homeostasis includes organ function [2, 
3]. Consequently, the exploration of the mecha-
nisms of bariatric surgery should focus on the 
various systemic organs and pay attention to 
the close connection between them. Fortuna- 
tely, whole transcriptome analysis reveals dif-
ferential gene expression profiles reflecting the 
characterization of organ reactions after bariat-
ric surgery [4]. The results revealed that miR-
NAs play an important role in the process of 
weight loss after bariatric surgery, implying that 
they have great prospects for surgical action 
and new approaches to reduce postoperative 
adverse reactions. Given the fundamental con-
tradictions among bariatric surgery and medi-

cal therapy [5], prospective proposals for the 
further development of bariatric surgery should 
be provided.

Digestive system

Bariatric surgery is directly related to the diges-
tive system, including laparoscopic sleeve gas-
trectomy (LSG), endoscopic sleeve gastroplasty 
(ESG), and Roux-en-Y gastric bypass (RYGB) [6, 
7]. Thus, there is currently no doubt about the 
influence of bariatric surgery on the digestive 
system. Among them, miRNAs are essential for 
regulating gene expression.

Gut microbiota

The adverse consequences of a reduction in 
gut microbiota diversity and micronutrient defi-
ciencies are some of the harmful mechanisms 
that occur in obesity, while bariatric surgery can 
effectively alleviate the mentioned problems 
[8]. In the context of obesity, increasing lipo-
polysaccharide (LPS) and lipopolysaccharide-
binding protein (LBP) are some of the major 
causes of disturbances in the gut microbiota, 
which exacerbates low-grade inflammation and 
insulin resistance [9]. As indicated previously, a 
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significant decrease in LPS and LBP, along with 
symptomatic and functional remission such as 
inflammation, in patients with obesity can be 
observed after bariatric surgery [10]. It should 
be noted that upregulated expression of miR-
NAs may be involved in the LPS and LBP down-
regulation including miR-146a and miR-103a 
[11]. Although no evidence is available yet for 
determining that miRNA expression regulatory 
mechanisms improve the human gut microbi-
ome after bariatric surgery, increasing eviden- 
ce points towards the existence of a bidirec-
tional interconnection, and it is clear that there 
is some connection between miRNA and gut 
microbiota [12]. Taken together, these findings 
suggest a role for miRNA in promoting homeo-
stasis with the intestinal microbiota after bar-
iatric surgery, but further experimental investi-
gations are needed to estimate the predictive 
value of preclinical research.

Lipid metabolism

Regulating lipid metabolism is one of the key 
factors in bariatric surgery. Bariatric surgery is 
associated with increased lipid peroxidation, 
thus improving the excess storage of lipids [13]. 
After bariatric surgery, downregulation of the 
adipogenic enzymes SCD (stearoyl coenzyme A 

desaturase 1) and the fatty aldehyde dehydro-
genase ALDH3A2 (a member of the aldehyde 
dehydrogenase 3 family A2) can significantly 
reduce fat accumulation, while it has been 
demonstrated that SCD and ALDH3A2 are di- 
rect targets of miR-192 [14]. Angiopoietin-like  
8 (ANGPTL8) has been shown to be a regulator 
of SCD and ALDH3A2 and is required for lipid 
storage and metabolism. In the pathophysiolo-
gy of obesity, miR-221-3p can reduce protein 
expression in adipocytes by targeting ANGP- 
TL8, and the miR-221-3p and miR-192 con-
tents are significantly decreased and a nega-
tive correlation with ANGPTL8 was observed 
under bariatric surgery [15]. Impaired lipid 
metabolism may also modulate adiponectin 
levels and even suppress gluconeogenesis 
[16]. Fortunately, activation of miR-320 reduc-
es AdipoR1 expression after bariatric surgery, 
which mediates adiponectin signaling and func-
tion leading to long-term remission in disorders 
of lipid metabolism and gluconeogenesis [17] 
(Figure 1). An increasing number of studies has 
revealed that lipid metabolism can be regulat-
ed in bariatric surgery by miRNA. However, lipid 
metabolism is very complicated and is strongly 
associated with the intestine, liver, and other 
organs. Therefore, focusing on lipid metabolism 
in various organs can provide a conceptual 

Figure 1. Bariatric surgery suppresses fat accumulation via the miRNA-associated pathway. Bariatric surgery can 
inhibit fat accumulation and thereby regulate lipid metabolism through 3 different pathways. First, miR-221-3 is 
downregulated, resulting in decreased levels of angiopoietin-like 8 (ANGPTL8), which could lead to a decrease in 
SCD (stearoyl coenzyme A desaturase 1) and result in a decrease in fat accumulation. Second, bariatric surgery 
directly promotes the inhibition of fatty aldehyde dehydrogenase ALDH3A2 (a member of the aldehyde dehydroge-
nase 3 family A2, which increases circulating lipid levels and leads to fat accumulation) by downregulating miR-192. 
Third, bariatric surgery facilitates AdipoR1-mediated adiponectin function by promoting miR-320 expression.
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framework to enhance our understanding of 
the widespread effects of miRNA regulation 
after bariatric surgery, which will be described 
below in more detail [18].

Liver

The prevalence of obesity is closely related to 
nonalcoholic fatty liver disease (NAFLD) [19]. 
As an effective treatment for obesity, bariatric 
surgery also attenuates the progression of NA- 
FLD. As early as 2013, Castro, R. E. et al. had 
discovered that bariatric surgery can regulate 
liver cell apoptosis by the miR-34a/SIRT1/p53 
signaling pathway [20, 21]. Further research 
shed light on the differential expression of nine 
miRNAs (including miR-301a-3p, miR-34a-5p, 
miR-375, pri-miR-125b-2, pri-miR-16-2, pri-miR-
26a-1, pri-miR-26a-2, pri-miR-7-1, pri-miR-7-2, 
and pri-miR-7-3) in patients undergoing bariat-
ric surgery, which are speculated to be related 
to the progression of NAFLD to nonalcoholic 
steatohepatitis (NASH) [22, 23]. It is notewor-
thy that the expression of inflammation- and 
macrophage-related genes in liver tissues of 
patients after bariatric surgery is opposite to 
the reduction in miR-30b-5p, miR-139-5p and 
miR-422a, while the increase in miR-146b-5p 
is related to the decrease in FABP4, glucose 
metabolism and fatty acid (FA) mobilization 
[24]. More severe NAFLD-associated abnormal-
ities of cholesterol metabolism are alleviated 
after bariatric surgery, which was attributed to 
miR-33 and miR-144 regulating the adenosine 
triphosphate binding cassette transporter (AB- 
CA1) involved in cholesterol efflux [25]. Alth- 
ough obesity is often accompanied by NAFLD, 
the therapeutic effect of bariatric surgery on 
NAFLD is equivocal compared to obesity, which 
is probably due to the differential expression  
of miRNA in the liver after surgery. Therefore, it 
is necessary to carry out a reasonably design- 
ed study with long-term follow-up to accurately 
reflect the advancing role of miRNA in the treat-
ment of bariatric surgery and NAFLD.

Pancreas

Excessive fat accumulation in the liver paren-
chyma cells of obese patients often leads to 
insulin resistance [26]. Bariatric surgery can 
normalize circulating exosomes and exosomal 
miRNAs related to the insulin-specific signal 
transduction, glucose homeostasis and related 
metabolomes [27]. Differential expression of 
several microRNAs (miR-7-5p, let-7f-5p, miR-
15b-5p, let-7i-5p, miR-320c, miR-205-5p and 

miR-335-5p) was identified from the detection 
of pancreas cells. Among these, overexpres-
sion of members of several signaling pathways 
was noted, including the insulin resistance pa- 
thway [28].

The improvement in signal transduction cas-
cades to the insulin receptor pathway after bar-
iatric surgery may also be related to miRNAs. 
Recently, Bae, Y. U. et al. found that 9 pathways 
of miRNAs may be involved in insulin signal 
transduction, insulin receptor signal cascade 
and focal adhesions [29]. In addition, bariatric 
surgery can ease hyperinsulinemia and im- 
prove insulin sensitivity. The upregulation of 
hsa-miR-122, hsa-miR-130, and hsa-miR-132 
expression along with the increase in hsa-
miR-375 have been observed after bariatric 
surgery, while proinsulin (59% reduction), insu-
lin (76% reduction), and c-peptide (56% reduc-
tion) all declined at the same time [30].

It is now clear that bariatric surgery can signifi-
cantly reduce the function of the pancreas by 
adjusting the expression of miRNAs, which 
implies that the expression of miRNAs after 
surgery has a distinct influence on the pancre-
as. Therefore, further work is needed to assess 
the longer-term impact of miRNAs on the pan-
creas after bariatric surgery, which may help 
others find new methods of treatment for pan-
creatic disease secondary to obesity after bar-
iatric surgery.

Immune system

For patients with morbid obesity, abnormal lipid 
metabolism is often associated with abnormal 
glucose metabolism [31]. Glucose metabolism 
abnormalities often result in increased secre-
tion of proinflammatory cytokines, which in turn 
causes proinflammatory polarization of innate 
and adaptive immune cells throughout the 
body [32]. Bariatric surgery can ameliorate low-
grade chronic inflammation caused by disor-
ders of lipid metabolism and improve immune 
function impairment in obese patients [33]. In 
2015, Ortega, F. J. et al. discovered the differ-
ential expression of miRNAs associated with 
immune responses by whole-genome and tran-
scriptome sequencing. Further studies have 
concluded that impaired miRNA expression is 
closely related to inflammation, which is im- 
proved after bariatric surgery [34]. There is an 
intrinsic connection between miRNAs and dif-
ferent pathways including inflammation in obe- 
se patients’ adipose tissue [35]. Inflammation-
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related miRNAs after bariatric surgery, includ-
ing the significant upregulation of miR10a_5p, 
reduce plasma levels of proinflammatory fac-
tors such as IL-6, CRP and PAI-1 to relieve 
patients’ inflammatory conditions [36]. Althou- 
gh based on a relatively small number of stud-
ies about the effect of the immune system on 
bariatric surgery, increasing evidence points 
towards the existence of an interconnection 
between them, and therefore, miRNA may pr- 
ove essential for the success of bariatric sur-
gery to regulate the immune system, especially 
the inflammatory response.

Cardiovascular system

The mechanism of the significant improvement 
in cardiovascular risk factors in obese patients 
after bariatric surgery has been confirmed to 
be related to miRNAs, and the improvement 
may be related to the inhibition of atherosclero-
sis and the development of coronary heart dis-
ease [37, 38] (Figure 2).

Blood vessels

Vascular obesity can lead to fatal arterial re- 
modeling, such as vascular wall thickening, 
lumen stenosis, and atherosclerosis. After bar-
iatric surgery, the circulating miR-122 content 
significantly decreases [39]. miR-122 inhibits 
the AMP-activated protein kinase (AMPK) sig-
naling pathway of endothelial cells by targeting 
AMPK, upregulates the level of AMPK phos-
phorylation and leads to endothelial dysfunc-
tion [40]. Downregulation of miR-122 weakens 
its inhibitory effect on the AMPK signaling  
pathway, increases the activity of AMPK, acti-
vates endothelial progenitor cells and forms  
a variety of endothelial vascularization signal 
peptides, thus improving endothelial function 
(Figure 3).

Atherosclerosis is closely related to the in- 
crease in LDL and total cholesterol in plasma, 
while the high expression of miR-112 and AD- 
AM17 in patients with dyslipidemia may lead to 
an increase in LDL and total cholesterol [41], 
which can be alleviated by bariatric surgery. 
Atherosclerosis may also be closely related to 
the proliferation of vascular smooth muscle 
cells (VSMCs) [42].

It has been found that the differential expres-
sion of three miRNAs (namely, miR-221, miR-21 
and miR-448) in patients undergoing bariatric 
surgery is closely related to the function of 

VSMCs. In obese patients, miR-221 directly tar-
gets endothelial nitric oxide synthetase (eNOS) 
mRNA and reduces its expression, which ren-
ders eNOS unable to produce a low concentra-
tion of NO that is necessary to maintain the 
integrity of endothelial function. The downregu-
lation of miR-221 in patients after bariatric sur-
gery can alleviate atherosclerosis induced by a 
high-fat diet [43]. Bariatric surgery can reduce 
the level of miR-21 [44], and miR-21 inhibits 
apoptosis and promotes the proliferation of 
VSMCs, leading to vascular intimal growth. In 
obese patients, the expression of miR-21 in 
proliferative vessels was more than 5 times 
higher than that in normal vessels. It is note-
worthy that in addition to bariatric surgery, 
physical exercise can also reduce these two 
miRNAs [45], which points out the importance 
of physical exercise after bariatric surgery. The 
level of miRNA-448 was downregulated in pa- 
tients after bariatric surgery [46]. Wang et al. 
showed that changes in FOXO3a and FOXO4 
activity changed the function of VSMCs. FO- 
XO3a and FOXO4 are highly correlated with 
SIRT1, and SIRT1 has been confirmed to be  
the target gene of miR-448 [47], which is nega-
tively correlated with miR-448. Bariatric sur-
gery decreased the expression of miR-448 and 
therefore increased the expression of SIRT1, 
which significantly improved the obesity symp-
toms of patients. Therefore, the detection of 
the expression level of specific miRNAs in the 
peripheral blood of patients before and after 
bariatric surgery will help to predict the effect of 
surgery and deal with possible complications.

Heart

In terms of the heart and coronary artery dis-
ease, Hulsmans et al. showed that miR-181a, 
as a TLR/NFκB signal regulator, was highly ex- 
pressed in obese patients and could cause 
coronary artery disease [48]. Therefore, a uni-
fied study of cardiovascular disease can further 
reveal the impact of bariatric surgery on the cir-
culatory system and reduce the risk of patients.

Urinary system

Bariatric surgery can improve the renal function 
of patients by upregulating miR-200 and miR-
192 [49], and miR-200 can downregulate the 
E-cadherin transcription inhibitory factor by tar-
geting zinc E-box and homeobox 1 (ZEB1) to 
inhibit the transformation of renal epithelial 
cells into a fibroblast phenotype and improve 
renal fibrosis [50]. At the same time, miR-200 
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Figure 2. Bariatric surgery improves cardiovascular function via the miRNA-associated pathway. Weight loss surgery 
can prevent artery remodeling in three different ways and thereby improve cardiovascular function. First is down-
regulates miRNA-122 resulting in decreased levels of AMPK phosphorylation, which could lead to activate the AMPK 
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plays an important role in the regulation of  
the nervous system, which will be described 
below in more detail. miR-192 reduced the 
expression of Egr-1 through the 3’-UTR, result-
ing in a decrease in fibronectin levels and thus 
inhibiting renal fibrosis [51]. The epithelial stro-
mal transformation regulated by miRNAs is a 
key step in the development of chronic kidney 
disease [52], and chronic kidney diseases are 
often closely related to obesity [53, 54]. The- 
refore, doctors can judge the renal function of 
patients before and after bariatric surgery by 
detecting the expression of miRNAs in their 
urine. The expression of other miRNAs in the 
kidney is also worthy of further study, which 
may help others find new ways to improve bar-
iatric surgery.

Musculoskeletal system

Insulin resistance (IR) is often associated with 
obesity, metabolic syndrome and its complica-
tions [55]. Skeletal muscle is one of the target 
organs of insulin, which accounts for 75% of 
blood sugar [56] and plays an important role in 
maintaining glucose balance in vivo. In 2016, 
Caroline et al. found that miR-148b was over- 

expressed in skeletal muscle cells, which re- 
duced the levels of NRAS and Rock1 protein  
in muscle and then reduced the degree of PKB 
phosphorylation, resulting in the decreased re- 
sponse of muscle cells to insulin and glucose 
uptake [57]. It is noteworthy that only when 
muscle changes from an active state to an 
inactive state, rather than from an inactive 
state to an active state, can the level of skele- 
tal muscle miR-148b be reduced, which means 
that exercise will have adverse effects on fat 
oxidation and transportation to a certain ex- 
tent [58]. Therefore, it is necessary to detect 
the miRNA level in the muscles of patients after 
bariatric surgery, which can predict the recov-
ery of patients’ musculoskeletal system and 
help to provide scientific exercise suggestions.

Nervous system

miRNAs may also lead to obese eating behav-
iors by affecting the nervous system of pa- 
tients. Bariatric surgery can upregulate miR-
155 in patients’ adipocytes [4]. In addition, 
Maldonado et al. have shown that miR-155  
may be involved in the regulation of central 
feeding behavior, as miR-155 knockout mice 

signaling pathway of endothelial cells, result in an improvement of the endothelial function of patients; Next, directly 
reduces the LDL and total cholesterol content in plasma by downregulation of ADAM17 which could ameliorate ath-
erosclerosis; Last is downregulates miR-21 resulting in the low expression of TGF-β, which could reduce the effect 
of the inhibition of VSMC apoptosis and the promotion of VSMC proliferation of miR-21.

Figure 3. Important miRNAs associated with vascular endothelial cells and vascular smooth muscle cells. In vas-
cular endothelial cells, miR-122 upregulates AMPK phosphorylation and inhibits the AMPK signaling pathway, thus 
reducing the production of vascular endothelial active substances. The high expression of miR-112 and ADAM17 
leads to an increase in LDL. In vascular smooth muscle cells, miR-221 inhibits the transcription and translation of 
eNOS, resulting in a NO deficiency that fails to maintain the function of vascular endothelial cells. miR-448 inhibits 
the expression of the SIRT1 gene, reducing the activity of FOXO3a and FOXO4 which damaging the function of vas-
cular smooth muscle cells. miR-21 inhibits the apoptosis of vascular smooth muscle cells.
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unconsciously consume more fat, leading to 
obesity induced by a high-fat diet [59]. In addi-
tion, IRS-2 and LEPR are direct targets of miR-
200. In contrast to the chronic kidney disease 
mentioned above [49], the hypothalamic silenc-
ing of miR-200 will increase the expression of 
LEPR and IRS-2 mRNA and thus reduce obesity 
[60]. The reason for this difference may be the 
different expression levels of miRNAs in differ-
ent parts of patients [61]; therefore, finding a 
more suitable method to detect the expression 
of miRNAs in the nervous system of patients 
can further reveal the influence of bariatric sur-
gery on the central system of patients by regu-
lating miRNAs.

Conclusion

Obesity is a disease that is associated with 
multiple factors. The obesity rate in many Asian 
countries has continued to rise over the past 
two decades [62], and an increasing number of 
obese patients choose to undergo bariatric sur-
gery [63] because traditional treatments (diet, 
exercise and drugs) to control weight have not 
worked [64]. This review explains the differen-
tial expression of miRNAs in the systemic sys-
tem (digestive system, immune system, cardio-

vascular system, urinary system, musculoskel-
etal system and nervous system), proposes 
some potential biomarkers for prognosis and 
provides more prospective suggestions for the 
further development of bariatric surgery. Given 
that dynamic changes in the anatomical and 
physiological framework have an impact on the 
pharmacokinetics of drugs after bariatric sur-
gery [65], this paper can be used to develop 
targeted pharmacological interventions aimed 
at improving postoperative recovery and func-
tional status (Supplementary Table 1). For 
example, current applications in drug reposi-
tioning have ensured that the target genes reg-
ulated by miRNAs can potentially be used in 
clinical practice, which has been proven to be 
more cost-effective, faster, and more effective 
(Figure 4).
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Figure 4. Drug repositioning after bariatric surgery based on genes regulated by miRNAs. Ozanimod targeting AL-
DH3A2 regulated by miR-192 has been approved by the FDA for the treatment of rheumatoid arthritis. Given the 
same putative drivers of disease associations, postoperative organ function recovery may be improved in obese 
patients.



The role of miRNA following bariatric surgery

1912 Am J Transl Res 2021;13(4):1905-1914

Address correspondence to: Weizheng Li, Depart- 
ment of General Surgery, Third Xiangya Hospital, 
Central South University 138 Tongzipo Road Yuelu 
District, Changsha 410013, Hunan, People’s Re- 
public of China. E-mail: zhnfy-Daniel@csu.edu.cn

References

[1] Wewer Albrechtsen NJ, Geyer PE, Doll S, Treit 
PV, Bojsen-Moller KN, Martinussen C, Jor-
gensen NB, Torekov SS, Meier F, Niu L, Santos 
A, Keilhauer EC, Holst JJ, Madsbad S and 
Mann M. Plasma proteome profiling reveals dy-
namics of inflammatory and lipid homeostasis 
markers after Roux-En-Y gastric bypass sur-
gery. Cell Syst 2018; 7: 601-612, e603.

[2] Cani PD. Severe obesity and gut microbiota: 
does bariatric surgery really reset the system? 
Gut 2019; 68: 5-6.

[3] Bussler S, Penke M, Flemming G, Elhassan YS, 
Kratzsch J, Sergeyev E, Lipek T, Vogel M, Spie-
lau U, Korner A, de Giorgis T and Kiess W. Nov-
el insights in the metabolic syndrome in child-
hood and adolescence. Horm Res Paediatr 
2017; 88: 181-193.

[4] Langi G, Szczerbinski L and Kretowski A. Meta-
analysis of differential miRNA expression after 
bariatric surgery. J Clin Med 2019; 8: 12-20. 

[5] Bland CM, Quidley AM, Love BL, Yeager C, Mc-
Michael B and Bookstaver PB. Long-term phar-
macotherapy considerations in the bariatric 
surgery patient. Am J Health Syst Pharm 2016; 
73: 1230-1242.

[6] Fiorillo C, Quero G, Vix M, Guerriero L, Pizzican-
nella M, Lapergola A, D’Urso A, Swanstrom L, 
Mutter D, Dallemagne B and Perretta S. 
6-month gastrointestinal quality of life (QoL) 
results after endoscopic sleeve gastroplasty 
and laparoscopic sleeve gastrectomy: a pro-
pensity score analysis. Obes Surg 2020; 30: 
1944-51. 

[7] Varela-Rodriguez BM, Juiz-Valina P, Varela L, 
Outeirino-Blanco E, Bravo SB, Garcia-Brao MJ, 
Mena E, Noguera JF, Valero-Gasalla J, Cordido 
F and Sangiao-Alvarellos S. Beneficial effects 
of bariatric surgery-induced by weight loss on 
the proteome of abdominal subcutaneous adi-
pose tissue. J Clin Med 2020; 9: 213. 

[8] Ciobarca D, Catoi AF, Copaescu C, Miere D and 
Crisan G. Bariatric surgery in obesity: effects 
on gut microbiota and micronutrient status. 
Nutrients 2020; 12: 235. 

[9] Tuomi K and Logomarsino JV. Bacterial li- 
popolysaccharide, lipopolysaccharide-binding 
protein, and other inflammatory markers in 
obesity and after bariatric surgery. Metab Syn-
dr Relat Disord 2016; 14: 279-288.

[10] Muscogiuri G, Cantone E, Cassarano S, Tucci-
nardi D, Barrea L, Savastano S and Colao A. 
Gut microbiota: a new path to treat obesity. Int 
J Obes Suppl 2019; 9: 10-19.

[11] Russel SM, Valle V, Spagni G, Hamilton S, Patel 
T, Abdukadyrov N, Dong Y and Gangemi A. 
Physiologic mechanisms of type II diabetes 
mellitus remission following bariatric surgery: 
a meta-analysis and clinical implications. J 
Gastrointest Surg 2020; 24: 728-41. 

[12] West KA, Kanu C, Maric T, McDonald JAK, Nich-
olson JK, Li JV, Johnson MR, Holmes E and 
Savvidou MD. Longitudinal metabolic and gut 
bacterial profiling of pregnant women with pre-
vious bariatric surgery. Gut 2020; 69: 1452-9. 

[13] Jahansouz C, Xu H, Hertzel AV, Kizy S, Steen 
KA, Foncea R, Serrot FJ, Kvalheim N, Luthra G, 
Ewing K, Leslie DB, Ikramuddin S and Bernlohr 
DA. Partitioning of adipose lipid metabolism by 
altered expression and function of PPAR iso-
forms after bariatric surgery. Int J Obes (Lond) 
2018; 42: 139-146.

[14] Mysore R, Zhou Y, Sadevirta S, Savolainen-
Peltonen H, Nidhina Haridas PA, Soronen J, 
Leivonen M, Sarin AP, Fischer-Posovszky P, 
Wabitsch M, Yki-Jarvinen H and Olkkonen VM. 
MicroRNA-192* impairs adipocyte triglyceride 
storage. Biochim Biophys Acta 2016; 1861: 
342-351.

[15] Mysore R, Ortega FJ, Latorre J, Ahonen M, 
Savolainen-Peltonen H, Fischer-Posovszky P, 
Wabitsch M, Olkkonen VM, Fernández-Real JM 
and Haridas PAN. MicroRNA-221-3p regulates 
angiopoietin-like 8 (ANGPTL8) expression in 
adipocytes. J Clin Endocrinol Metab 2017; 
102: 4001-4012.

[16] Mizuno TM. Fat Mass and obesity associated 
(FTO) gene and hepatic glucose and lipid me-
tabolism. Nutrients 2018; 10: 1600.

[17] Wei G, Yi S, Yong D, Shaozhuang L, Guangyong 
Z and Sanyuan H. miR-320 mediates diabetes 
amelioration after duodenal-jejunal bypass via 
targeting adipoR1. Surg Obes Relat Dis 2018; 
14: 960-971.

[18] Schonfeld P and Meyer F. What the (abdomi-
nal) surgeon needs to know on novel insights 
regarding cholic acids and their interaction 
with the intestinal microbioma. Z Gastroenter-
ol 2020; 58: 245-53. 

[19] Polyzos SA, Kountouras J and Mantzoros CS. 
Obesity and nonalcoholic fatty liver disease: 
from pathophysiology to therapeutics. Metabo-
lism 2019; 92: 82-97.

[20] Castro RE, Ferreira DM, Afonso MB, Borralho 
PM, Machado MV, Cortez-Pinto H and Ro-
drigues CM. miR-34a/SIRT1/p53 is sup-
pressed by ursodeoxycholic acid in the rat liver 
and activated by disease severity in human 
non-alcoholic fatty liver disease. J Hepatol 
2013; 58: 119-125.

[21] Simao AL, Afonso MB, Rodrigues PM, Gama-
Carvalho M, Machado MV, Cortez-Pinto H, Ro-
drigues CMP and Castro RE. Skeletal muscle 
miR-34a/SIRT1: AMPK axis is activated in ex-
perimental and human non-alcoholic steato-

mailto:zhnfy-Daniel@csu.edu.cn


The role of miRNA following bariatric surgery

1913 Am J Transl Res 2021;13(4):1905-1914

hepatitis. J Mol Med (Berl) 2019; 97: 1113-
1126.

[22] Sharma H, Estep M, Birerdinc A, Afendy A, 
Moazzez A, Elariny H, Goodman Z, Chandhoke 
V, Baranova A and Younossi ZM. Expression of 
genes for microRNA-processing enzymes is al-
tered in advanced non-alcoholic fatty liver dis-
ease. J Gastroenterol Hepatol 2013; 28: 1410-
1415.

[23] Guo Y, Xiong Y, Sheng Q, Zhao S, Wattacheril J 
and Flynn CR. A micro-RNA expression signa-
ture for human NAFLD progression. J Gastro-
enterol 2016; 51: 1022-1030.

[24] Latorre J, Moreno-Navarrete JM, Mercader JM, 
Sabater M, Rovira O, Girones J, Ricart W, Fer-
nandez-Real JM and Ortega FJ. Decreased lipid 
metabolism but increased FA biosynthesis are 
coupled with changes in liver microRNAs in 
obese subjects with NAFLD. Int J Obes (Lond) 
2017; 41: 620-630.

[25] Vega-Badillo J, Gutierrez-Vidal R, Hernandez-
Perez HA, Villamil-Ramirez H, Leon-Mimila P, 
Sanchez-Munoz F, Moran-Ramos S, Larrieta-
Carrasco E, Fernandez-Silva I, Mendez-San-
chez N, Tovar AR, Campos-Perez F, Villarreal-
Molina T, Hernandez-Pando R, Aguilar-Salinas 
CA and Canizales-Quinteros S. Hepatic miR-
33a/miR-144 and their target gene ABCA1 are 
associated with steatohepatitis in morbidly 
obese subjects. Liver Int 2016; 36: 1383-
1391.

[26] Finck BN. Targeting metabolism, insulin resis-
tance, and diabetes to treat nonalcoholic ste-
atohepatitis. Diabetes 2018; 67: 2485-2493.

[27] Hubal MJ, Nadler EP, Ferrante SC, Barberio 
MD, Suh JH, Wang J, Dohm GL, Pories WJ, Mi-
etus-Snyder M and Freishtat RJ. Circulating 
adipocyte-derived exosomal MicroRNAs asso-
ciated with decreased insulin resistance after 
gastric bypass. Obesity (Silver Spring) 2017; 
25: 102-110.

[28] Atkin SL, Ramachandran V, Yousri NA, Benur-
war M, Simper SC, McKinlay R, Adams TD, Na-
jafi-Shoushtari SH and Hunt SC. Changes in 
blood microRNA expression and early meta-
bolic responsiveness 21 days following bariat-
ric surgery. Front Endocrinol (Lausanne) 2018; 
9: 773.

[29] Bae YU, Kim Y, Lee H, Kim H, Jeon JS, Noh H, 
Han DC, Ryu S and Kwon SH. Bariatric surgery 
alters microRNA content of circulating exo-
somes in patients with obesity. Obesity (Silver 
Spring) 2019; 27: 264-271.

[30] Rega-Kaun G, Kaun C, Jaegersberger G, Prager 
M, Hackl M, Demyanets S, Wojta J and Hohen-
sinner PJ. Roux-en-Y-bariatric surgery reduces 
markers of metabolic syndrome in morbidly 
obese patients. Obes Surg 2020; 30: 391-
400.

[31] Shapiro H, Kolodziejczyk AA, Halstuch D and 
Elinav E. Bile acids in glucose metabolism in 

health and disease. J Exp Med 2018; 215: 
383-396.

[32] Villarreal-Calderon JR, Cuellar RX, Ramos-Gon-
zalez MR, Rubio-Infante N, Castillo EC, Elizon-
do-Montemayor L and Garcia-Rivas G. Interplay 
between the adaptive immune system and in-
sulin resistance in weight loss induced by bar-
iatric surgery. Oxid Med Cell Longev 2019; 
2019: 3940739.

[33] Zhang C, Zhang J, Liu W, Chen X, Liu Z and 
Zhou Z. Improvements in humoral immune 
function and glucolipid metabolism after lapa-
roscopic sleeve gastrectomy in patients with 
obesity. Surg Obes Relat Dis 2019; 15: 1455-
1463.

[34] Ortega FJ, Mercader JM, Moreno-Navarrete JM, 
Nonell L, Puigdecanet E, Rodriquez-Hermosa 
JI, Rovira O, Xifra G, Guerra E, Moreno M, Ma-
yas D, Moreno-Castellanos N, Fernandez-For-
moso JA, Ricart W, Tinahones FJ, Torrents D, 
Malagon MM and Fernandez-Real JM. Surgery-
induced weight loss is associated with the 
downregulation of genes targeted by microR-
NAs in adipose tissue. J Clin Endocrinol Metab 
2015; 100: E1467-76.

[35] Ortega FJ, Moreno M, Mercader JM, Moreno-
Navarrete JM, Fuentes-Batllevell N, Sabater M, 
Ricart W and Fernandez-Real JM. Inflamma-
tion triggers specific microRNA profiles in hu-
man adipocytes and macrophages and in their 
supernatants. Clin Epigenetics 2015; 7: 49.

[36] Hohensinner PJ, Kaun C, Ebenbauer B, Hackl 
M, Demyanets S, Richter D, Prager M, Wojta J 
and Rega-Kaun G. Reduction of premature ag-
ing markers after gastric bypass surgery in 
morbidly obese patients. Obes Surg 2018; 28: 
2804-2810.

[37] Benton MC, Johnstone A, Eccles D, Harmon B, 
Hayes MT, Lea RA, Griffiths L, Hoffman EP, 
Stubbs RS and Macartney-Coxson D. An analy-
sis of DNA methylation in human adipose tis-
sue reveals differential modification of obesity 
genes before and after gastric bypass and 
weight loss. Genome Biol 2015; 16: 8.

[38] Zaiou M, El Amri H and Bakillah A. The clinical 
potential of adipogenesis and obesity-related 
microRNAs. Nutr Metab Cardiovasc Dis 2018; 
28: 91-111.

[39] Kwon IG, Ha TK, Ryu SW and Ha E. Roux-en-Y 
gastric bypass stimulates hypothalamic miR-
122 and inhibits cardiac and hepatic miR-122 
expressions. J Surg Res 2015; 199: 371-377.

[40] Wang D, Song Y, Zhang J, Pang W, Wang X, Zhu 
Y and Li X. AMPK-KLF2 signaling pathway me-
diates the proangiogenic effect of erythropoie-
tin in endothelial colony-forming cells. Am J 
Physiol Cell Physiol 2017; 313: C674-C685.

[41] Meka IA, Anyim OB, Enebe JT, Ukwaja KN and 
Ugonabo MC. Association of miRNA122 & 
ADAM17 with lipids among hypertensives in 
Nigeria. Open Med (Wars) 2018; 13: 350-358.



The role of miRNA following bariatric surgery

1914 Am J Transl Res 2021;13(4):1905-1914

[42] Wu WH, Hu CP, Chen XP, Zhang WF, Li XW, 
Xiong XM and Li YJ. MicroRNA-130a mediates 
proliferation of vascular smooth muscle cells 
in hypertension. Am J Hypertens 2011; 24: 
1087-1093.

[43] Zhang H, Wang L, Peng F, Wang X and Gong H. 
L-Arginine ameliorates high-fat diet-induced 
atherosclerosis by downregulating miR-221. 
Biomed Res Int 2020; 2020: 4291327.

[44] Cheng Y and Zhang C. MicroRNA-21 in cardio-
vascular disease. J Cardiovasc Transl Res 
2010; 3: 251-255.

[45] Improta Caria AC, Nonaka CKV, Pereira CS, 
Soares MBP, Macambira SG and Souza BSF. 
Exercise training-induced changes in microR-
NAs: beneficial regulatory effects in hyperten-
sion, type 2 diabetes, and obesity. Int J Mol Sci 
2018; 19: 3608.

[46] Wang Y, Wang DS, Cheng YS, Jia BL, Yu G, Yin 
XQ and Wang Y. Expression of microRNA-448 
and SIRT1 and prognosis of obese type 2 dia-
betic mellitus patients after laparoscopic bar-
iatric surgery. Cell Physiol Biochem 2018; 45: 
935-950.

[47] Huang K, Yan ZQ, Zhao D, Chen SG, Gao LZ, 
Zhang P, Shen BR, Han HC, Qi YX and Jiang ZL. 
SIRT1 and FOXO mediate contractile differen-
tiation of vascular smooth muscle cells under 
cyclic stretch. Cell Physiol Biochem 2015; 37: 
1817-1829.

[48] Hulsmans M, Sinnaeve P, Van der Schueren B, 
Mathieu C, Janssens S and Holvoet P. De-
creased miR-181a expression in monocytes of 
obese patients is associated with the occur-
rence of metabolic syndrome and coronary ar-
tery disease. J Clin Endocrinol Metab 2012; 
97: E1213-1218.

[49] Alkandari A, Ashrafian H, Sathyapalan T, Darzi 
A, Holmes E, Athanasiou T, Atkin SL and Goo-
derham NJ. Bariatric surgery modulates uri-
nary levels of microRNAs involved in the regu-
lation of renal function. Front Endocrinol 
(Lausanne) 2019; 10: 319.

[50] Bowen T, Jenkins RH and Fraser DJ. MicroR-
NAs, transforming growth factor beta-1, and 
tissue fibrosis. J Pathol 2013; 229: 274-285.

[51] Liu F, Zhang ZP, Xin GD, Guo LH, Jiang Q and 
Wang ZX. miR-192 prevents renal tubulointer-
stitial fibrosis in diabetic nephropathy by tar-
geting Egr1. Eur Rev Med Pharmacol Sci 2018; 
22: 4252-4260.

[52] Gregory PA, Bert AG, Paterson EL, Barry SC, 
Tsykin A, Farshid G, Vadas MA, Khew-Goodall Y 
and Goodall GJ. The miR-200 family and miR-
205 regulate epithelial to mesenchymal transi-
tion by targeting ZEB1 and SIP1. Nat Cell Biol 
2008; 10: 593-601.

[53] Sharma K. Obesity and diabetic kidney dis-
ease: role of oxidant stress and redox balance. 
Antioxid Redox Signal 2016; 25: 208-216.

[54] Lakkis JI and Weir MR. Obesity and kidney dis-
ease. Prog Cardiovasc Dis 2018; 61: 157-167.

[55] Gallagher EJ, Leroith D and Karnieli E. Insulin 
resistance in obesity as the underlying cause 
for the metabolic syndrome. Mt Sinai J Med 
2010; 77: 511-523.

[56] Saliani N, Montazersaheb S and Montasser 
Kouhsari S. Micromanaging glucose tolerance 
and diabetes. Adv Pharm Bull 2017; 7: 547-
556.

[57] Gastebois C, Chanon S, Rome S, Durand C, 
Pelascini E, Jalabert A, Euthine V, Pialoux V, 
Blanc S, Simon C and Lefai E. Transition from 
physical activity to inactivity increases skeletal 
muscle miR-148b content and triggers insulin 
resistance. Physiol Rep 2016; 4: e12902.

[58] Bergouignan A, Momken I, Lefai E, Antoun E, 
Schoeller DA, Platat C, Chery I, Zahariev A, Vi-
dal H, Gabert L, Normand S, Freyssenet D, 
Laville M, Simon C and Blanc S. Activity energy 
expenditure is a major determinant of dietary 
fat oxidation and trafficking, but the deleteri-
ous effect of detraining is more marked than 
the beneficial effect of training at current rec-
ommendations. Am J Clin Nutr 2013; 98: 648-
658.

[59] Maldonado-Aviles JG, Guarnieri DJ, Zhu X and 
DiLeone RJ. Down-regulation of miRNAs in the 
brain and development of diet-induced obesi-
ty. Int J Dev Neurosci 2018; 64: 2-7.

[60] Derghal A, Djelloul M, Azzarelli M, Degonon S, 
Tourniaire F, Landrier JF and Mounien L. Mi-
croRNAs are involved in the hypothalamic 
leptin sensitivity. Epigenetics 2018; 13: 1127-
1140.

[61] Senfter D, Madlener S, Krupitza G and Mader 
RM. The microRNA-200 family: still much to 
discover. Biomol Concepts 2016; 7: 311-319.

[62] Fan JG, Kim SU and Wong VW. New trends on 
obesity and NAFLD in Asia. J Hepatol 2017; 67: 
862-873.

[63] Wolfe BM, Kvach E and Eckel RH. Treatment of 
obesity: weight loss and bariatric surgery. Circ 
Res 2016; 118: 1844-1855.

[64] Jackson VM, Breen DM, Fortin JP, Liou A, 
Kuzmiski JB, Loomis AK, Rives ML, Shah B and 
Carpino PA. Latest approaches for the treat-
ment of obesity. Expert Opin Drug Discov 
2015; 10: 825-839.

[65] Moore KT and Kröll D. Influences of obesity 
and bariatric surgery on the clinical and phar-
macologic profile of rivaroxaban. Am J Med 
2017; 130: 1024-1032.



The role of miRNA following bariatric surgery

1 

Supplementary Table 1. A gene regulatory network for miRNAs after bariatric surgery
geneID geneName geneType miRNAid miRNAname miRNA_phenotypes resource
ENSG00000001631 KRIT1 protein_coding MIMAT0000076 hsa-miR-21-5p miR-21 plays an important role in hypertension ENCORI
ENSG00000035403 VCL protein_coding MIMAT0000076 hsa-miR-21-5p miR-21 plays an important role in hypertension ENCORI
ENSG00000065809 FAM107B protein_coding MIMAT0000076 hsa-miR-21-5p miR-21 plays an important role in hypertension ENCORI
ENSG00000115310 RTN4 protein_coding MIMAT0000076 hsa-miR-21-5p miR-21 plays an important role in hypertension ENCORI
ENSG00000133104 SPART protein_coding MIMAT0000076 hsa-miR-21-5p miR-21 plays an important role in hypertension ENCORI
ENSG00000153187 HNRNPU protein_coding MIMAT0000076 hsa-miR-21-5p miR-21 plays an important role in hypertension ENCORI
ENSG00000186432 KPNA4 protein_coding MIMAT0000076 hsa-miR-21-5p miR-21 plays an important role in hypertension ENCORI
ENSG00000189266 PNRC2 protein_coding MIMAT0000076 hsa-miR-21-5p miR-21 plays an important role in hypertension ENCORI
ENSG00000197111 PCBP2 protein_coding MIMAT0000076 hsa-miR-21-5p miR-21 plays an important role in hypertension ENCORI
ENSG00000090615 GOLGA3 protein_coding MIMAT0000082 hsa-miR-26a-5p The presence of the hepatocyte’s ballooning degeneration 

in the liver biopsy correlated positively with pri-miR-26a-1
ENCORI

ENSG00000099364 FBXL19 protein_coding MIMAT0000082 hsa-miR-26a-5p The presence of the hepatocyte’s ballooning degeneration 
in the liver biopsy correlated positively with pri-miR-26a-1

ENCORI

ENSG00000100393 EP300 protein_coding MIMAT0000082 hsa-miR-26a-5p The presence of the hepatocyte’s ballooning degeneration 
in the liver biopsy correlated positively with pri-miR-26a-1

ENCORI

ENSG00000108953 YWHAE protein_coding MIMAT0000082 hsa-miR-26a-5p The presence of the hepatocyte’s ballooning degeneration 
in the liver biopsy correlated positively with pri-miR-26a-1

ENCORI

ENSG00000109685 NSD2 protein_coding MIMAT0000082 hsa-miR-26a-5p The presence of the hepatocyte’s ballooning degeneration 
in the liver biopsy correlated positively with pri-miR-26a-1

ENCORI

ENSG00000109971 HSPA8 protein_coding MIMAT0000082 hsa-miR-26a-5p The presence of the hepatocyte’s ballooning degeneration 
in the liver biopsy correlated positively with pri-miR-26a-1

ENCORI

ENSG00000110172 CHORDC1 protein_coding MIMAT0000082 hsa-miR-26a-5p The presence of the hepatocyte’s ballooning degeneration 
in the liver biopsy correlated positively with pri-miR-26a-1

ENCORI

ENSG00000111229 ARPC3 protein_coding MIMAT0000082 hsa-miR-26a-5p The presence of the hepatocyte’s ballooning degeneration 
in the liver biopsy correlated positively with pri-miR-26a-1

ENCORI

ENSG00000112245 PTP4A1 protein_coding MIMAT0000082 hsa-miR-26a-5p The presence of the hepatocyte’s ballooning degeneration 
in the liver biopsy correlated positively with pri-miR-26a-1

ENCORI

ENSG00000117632 STMN1 protein_coding MIMAT0000082 hsa-miR-26a-5p The presence of the hepatocyte’s ballooning degeneration 
in the liver biopsy correlated positively with pri-miR-26a-1

ENCORI

ENSG00000117906 RCN2 protein_coding MIMAT0000082 hsa-miR-26a-5p The presence of the hepatocyte’s ballooning degeneration 
in the liver biopsy correlated positively with pri-miR-26a-1

ENCORI

ENSG00000121578 B4GALT4 protein_coding MIMAT0000082 hsa-miR-26a-5p The presence of the hepatocyte’s ballooning degeneration 
in the liver biopsy correlated positively with pri-miR-26a-1

ENCORI

ENSG00000130635 COL5A1 protein_coding MIMAT0000082 hsa-miR-26a-5p The presence of the hepatocyte’s ballooning degeneration 
in the liver biopsy correlated positively with pri-miR-26a-1

ENCORI
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ENSG00000141569 TRIM65 protein_coding MIMAT0000082 hsa-miR-26a-5p The presence of the hepatocyte’s ballooning degeneration 
in the liver biopsy correlated positively with pri-miR-26a-1

ENCORI

ENSG00000149187 CELF1 protein_coding MIMAT0000082 hsa-miR-26a-5p The presence of the hepatocyte’s ballooning degeneration 
in the liver biopsy correlated positively with pri-miR-26a-1

ENCORI

ENSG00000168615 ADAM9 protein_coding MIMAT0000082 hsa-miR-26a-5p The presence of the hepatocyte’s ballooning degeneration 
in the liver biopsy correlated positively with pri-miR-26a-1

ENCORI

ENSG00000198792 TMEM184B protein_coding MIMAT0000082 hsa-miR-26a-5p The presence of the hepatocyte’s ballooning degeneration 
in the liver biopsy correlated positively with pri-miR-26a-17

ENCORI

ENSG00000044115 CTNNA1 protein_coding MIMAT0000091 hsa-miR-33a-5p miR-33a and their target gene ABCA1 may contribute to 
the pathogenesis of NASH in morbidly obese subjects

ENCORI

ENSG00000049449 RCN1 protein_coding MIMAT0000091 hsa-miR-33a-5p miR-33a and their target gene ABCA1 may contribute to 
the pathogenesis of NASH in morbidly obese subjects

ENCORI

ENSG00000062485 CS protein_coding MIMAT0000091 hsa-miR-33a-5p miR-33a and their target gene ABCA1 may contribute to 
the pathogenesis of NASH in morbidly obese subjects

ENCORI

ENSG00000109089 CDR2L protein_coding MIMAT0000091 hsa-miR-33a-5p miR-33a and their target gene ABCA1 may contribute to 
the pathogenesis of NASH in morbidly obese subjects

ENCORI

ENSG00000109118 PHF12 protein_coding MIMAT0000091 hsa-miR-33a-5p miR-33a and their target gene ABCA1 may contribute to 
the pathogenesis of NASH in morbidly obese subjects

ENCORI

ENSG00000134294 SLC38A2 protein_coding MIMAT0000091 hsa-miR-33a-5p miR-33a and their target gene ABCA1 may contribute to 
the pathogenesis of NASH in morbidly obese subjects

ENCORI

ENSG00000156508 EEF1A1 protein_coding MIMAT0000091 hsa-miR-33a-5p miR-33a and their target gene ABCA1 may contribute to 
the pathogenesis of NASH in morbidly obese subjects

ENCORI

ENSG00000169139 UBE2V2 protein_coding MIMAT0000091 hsa-miR-33a-5p miR-33a and their target gene ABCA1 may contribute to 
the pathogenesis of NASH in morbidly obese subjects

ENCORI

ENSG00000170633 RNF34 protein_coding MIMAT0000091 hsa-miR-33a-5p miR-33a and their target gene ABCA1 may contribute to 
the pathogenesis of NASH in morbidly obese subjects

ENCORI

ENSG00000089157 RPLP0 protein_coding MIMAT0000101 hsa-miR-103a-3p potentiates insulin resistance ENCORI
ENSG00000100664 EIF5 protein_coding MIMAT0000101 hsa-miR-103a-3p potentiates insulin resistance ENCORI
ENSG00000103353 UBFD1 protein_coding MIMAT0000101 hsa-miR-103a-3p potentiates insulin resistance ENCORI
ENSG00000109046 WSB1 protein_coding MIMAT0000101 hsa-miR-103a-3p potentiates insulin resistance ENCORI
ENSG00000116396 KCNC4 protein_coding MIMAT0000101 hsa-miR-103a-3p potentiates insulin resistance ENCORI
ENSG00000116649 SRM protein_coding MIMAT0000101 hsa-miR-103a-3p potentiates insulin resistance ENCORI
ENSG00000122566 HNRNPA2B1 protein_coding MIMAT0000101 hsa-miR-103a-3p potentiates insulin resistance ENCORI
ENSG00000135968 GCC2 protein_coding MIMAT0000101 hsa-miR-103a-3p potentiates insulin resistance ENCORI
ENSG00000139146 SINHCAF protein_coding MIMAT0000101 hsa-miR-103a-3p potentiates insulin resistance ENCORI
ENSG00000141279 NPEPPS protein_coding MIMAT0000101 hsa-miR-103a-3p potentiates insulin resistance ENCORI
ENSG00000143614 GATAD2B protein_coding MIMAT0000101 hsa-miR-103a-3p potentiates insulin resistance ENCORI
ENSG00000149136 SSRP1 protein_coding MIMAT0000101 hsa-miR-103a-3p potentiates insulin resistance ENCORI
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ENSG00000158669 GPAT4 protein_coding MIMAT0000101 hsa-miR-103a-3p potentiates insulin resistance ENCORI
ENSG00000162664 ZNF326 protein_coding MIMAT0000101 hsa-miR-103a-3p potentiates insulin resistance ENCORI
ENSG00000166508 MCM7 protein_coding MIMAT0000101 hsa-miR-103a-3p potentiates insulin resistance ENCORI
ENSG00000167552 TUBA1A protein_coding MIMAT0000101 hsa-miR-103a-3p potentiates insulin resistance ENCORI
ENSG00000169718 DUS1L protein_coding MIMAT0000101 hsa-miR-103a-3p potentiates insulin resistance ENCORI
ENSG00000184205 TSPYL2 protein_coding MIMAT0000101 hsa-miR-103a-3p potentiates insulin resistance ENCORI
ENSG00000060237 WNK1 protein_coding MIMAT0000222 hsa-miR-192-5p a novel controller of adipocyte differentiation and lipid 

homeostasis
ENCORI

ENSG00000072210 ALDH3A2 protein_coding MIMAT0000222 hsa-miR-192-5p a novel controller of adipocyte differentiation and lipid 
homeostasis

ENCORI

ENSG00000099194 SCD protein_coding MIMAT0000222 hsa-miR-192-5p a novel controller of adipocyte differentiation and lipid 
homeostasis

ENCORI

ENSG00000110367 DDX6 protein_coding MIMAT0000222 hsa-miR-192-5p a novel controller of adipocyte differentiation and lipid 
homeostasis

ENCORI

ENSG00000113456 RAD1 protein_coding MIMAT0000222 hsa-miR-192-5p a novel controller of adipocyte differentiation and lipid 
homeostasis

ENCORI

ENSG00000113575 PPP2CA protein_coding MIMAT0000222 hsa-miR-192-5p a novel controller of adipocyte differentiation and lipid 
homeostasis

ENCORI

ENSG00000169925 BRD3 protein_coding MIMAT0000222 hsa-miR-192-5p a novel controller of adipocyte differentiation and lipid 
homeostasis

ENCORI

ENSG00000006007 GDE1 protein_coding MIMAT0000250 hsa-miR-139-5p Expression of inflammatory and macrophage-related 
genes was opposite to decreased miR-139-5p

ENCORI

ENSG00000082898 XPO1 protein_coding MIMAT0000250 hsa-miR-139-5p Expression of inflammatory and macrophage-related 
genes was opposite to decreased miR-139-5p

ENCORI

ENSG00000104341 LAPTM4B protein_coding MIMAT0000250 hsa-miR-139-5p Expression of inflammatory and macrophage-related 
genes was opposite to decreased miR-139-5p

ENCORI

ENSG00000129422 MTUS1 protein_coding MIMAT0000250 hsa-miR-139-5p Expression of inflammatory and macrophage-related 
genes was opposite to decreased miR-139-5p

ENCORI

ENSG00000150753 CCT5 protein_coding MIMAT0000250 hsa-miR-139-5p Expression of inflammatory and macrophage-related 
genes was opposite to decreased miR-139-5p

ENCORI

ENSG00000151208 DLG5 protein_coding MIMAT0000250 hsa-miR-139-5p Expression of inflammatory and macrophage-related 
genes was opposite to decreased miR-139-5p

ENCORI

ENSG00000152601 MBNL1 protein_coding MIMAT0000250 hsa-miR-139-5p Expression of inflammatory and macrophage-related 
genes was opposite to decreased miR-139-5p

ENCORI

ENSG00000159596 TMEM69 protein_coding MIMAT0000250 hsa-miR-139-5p Expression of inflammatory and macrophage-related 
genes was opposite to decreased miR-139-5p

ENCORI

ENSG00000164649 CDCA7L protein_coding MIMAT0000250 hsa-miR-139-5p Expression of inflammatory and macrophage-related 
genes was opposite to decreased miR-139-5p

ENCORI
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ENSG00000169504 CLIC4 protein_coding MIMAT0000250 hsa-miR-139-5p Expression of inflammatory and macrophage-related 
genes was opposite to decreased miR-139-5p

ENCORI

ENSG00000170035 UBE2E3 protein_coding MIMAT0000250 hsa-miR-139-5p Expression of inflammatory and macrophage-related 
genes was opposite to decreased miR-139-5p

ENCORI

ENSG00000173141 MRPL57 protein_coding MIMAT0000250 hsa-miR-139-5p Expression of inflammatory and macrophage-related 
genes was opposite to decreased miR-139-5p

ENCORI

ENSG00000174197 MGA protein_coding MIMAT0000250 hsa-miR-139-5p Expression of inflammatory and macrophage-related 
genes was opposite to decreased miR-139-5p

ENCORI

ENSG00000186468 RPS23 protein_coding MIMAT0000250 hsa-miR-139-5p Expression of inflammatory and macrophage-related 
genes was opposite to decreased miR-139-5p

ENCORI

ENSG00000198876 DCAF12 protein_coding MIMAT0000250 hsa-miR-139-5p Expression of inflammatory and macrophage-related 
genes was opposite to decreased miR-139-5p

ENCORI

ENSG00000009307 CSDE1 protein_coding MIMAT0000252 hsa-miR-7-5p Histologic NASH correlated positively with the expression 
levels of pri-miR-7-1

ENCORI

ENSG00000025800 KPNA6 protein_coding MIMAT0000252 hsa-miR-7-5p Histologic NASH correlated positively with the expression 
levels of pri-miR-7-2

ENCORI

ENSG00000066117 SMARCD1 protein_coding MIMAT0000252 hsa-miR-7-5p Histologic NASH correlated positively with the expression 
levels of pri-miR-7-3

ENCORI

ENSG00000070087 PFN2 protein_coding MIMAT0000252 hsa-miR-7-5p Histologic NASH correlated positively with the expression 
levels of pri-miR-7-4

ENCORI

ENSG00000102908 NFAT5 protein_coding MIMAT0000252 hsa-miR-7-5p Histologic NASH correlated positively with the expression 
levels of pri-miR-7-5

ENCORI

ENSG00000127483 HP1BP3 protein_coding MIMAT0000252 hsa-miR-7-5p Histologic NASH correlated positively with the expression 
levels of pri-miR-7-6

ENCORI

ENSG00000128595 CALU protein_coding MIMAT0000252 hsa-miR-7-5p Histologic NASH correlated positively with the expression 
levels of pri-miR-7-7

ENCORI

ENSG00000131467 PSME3 protein_coding MIMAT0000252 hsa-miR-7-5p Histologic NASH correlated positively with the expression 
levels of pri-miR-7-8

ENCORI

ENSG00000132589 FLOT2 protein_coding MIMAT0000252 hsa-miR-7-5p Histologic NASH correlated positively with the expression 
levels of pri-miR-7-9

ENCORI

ENSG00000147162 OGT protein_coding MIMAT0000252 hsa-miR-7-5p Histologic NASH correlated positively with the expression 
levels of pri-miR-7-10

ENCORI

ENSG00000160014 CALM3 protein_coding MIMAT0000252 hsa-miR-7-5p Histologic NASH correlated positively with the expression 
levels of pri-miR-7-11

ENCORI

ENSG00000169221 TBC1D10B protein_coding MIMAT0000252 hsa-miR-7-5p Histologic NASH correlated positively with the expression 
levels of pri-miR-7-12

ENCORI

ENSG00000176542 USF3 protein_coding MIMAT0000252 hsa-miR-7-5p Histologic NASH correlated positively with the expression 
levels of pri-miR-7-13

ENCORI
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ENSG00000176788 BASP1 protein_coding MIMAT0000252 hsa-miR-7-5p Histologic NASH correlated positively with the expression 
levels of pri-miR-7-14

ENCORI

ENSG00000178980 SELENOW protein_coding MIMAT0000252 hsa-miR-7-5p Histologic NASH correlated positively with the expression 
levels of pri-miR-7-15

ENCORI

ENSG00000179051 RCC2 protein_coding MIMAT0000252 hsa-miR-7-5p Histologic NASH correlated positively with the expression 
levels of pri-miR-7-16

ENCORI

ENSG00000228474 OST4 protein_coding MIMAT0000252 hsa-miR-7-5p Histologic NASH correlated positively with the expression 
levels of pri-miR-7-17

ENCORI

ENSG00000071626 DAZAP1 protein_coding MIMAT0000253 hsa-miR-10a-5p ameliorated the premature aging phenotype ENCORI
ENSG00000108669 CYTH1 protein_coding MIMAT0000253 hsa-miR-10a-5p ameliorated the premature aging phenotype ENCORI
ENSG00000184009 ACTG1 protein_coding MIMAT0000253 hsa-miR-10a-5p ameliorated the premature aging phenotype ENCORI
ENSG00000067715 SYT1 protein_coding MIMAT0000255 hsa-miR-34a-5p associates with mitochondria dynamics dysfunction in 

human NAFLD
ENCORI

ENSG00000106144 CASP2 protein_coding MIMAT0000255 hsa-miR-34a-5p associates with mitochondria dynamics dysfunction in 
human NAFLD

ENCORI

ENSG00000114988 LMAN2L protein_coding MIMAT0000255 hsa-miR-34a-5p associates with mitochondria dynamics dysfunction in 
human NAFLD

ENCORI

ENSG00000140688 C16orf58 protein_coding MIMAT0000255 hsa-miR-34a-5p associates with mitochondria dynamics dysfunction in 
human NAFLD

ENCORI

ENSG00000144713 RPL32 protein_coding MIMAT0000255 hsa-miR-34a-5p associates with mitochondria dynamics dysfunction in 
human NAFLD

ENCORI

ENSG00000149547 EI24 protein_coding MIMAT0000255 hsa-miR-34a-5p associates with mitochondria dynamics dysfunction in 
human NAFLD

ENCORI

ENSG00000173898 SPTBN2 protein_coding MIMAT0000255 hsa-miR-34a-5p associates with mitochondria dynamics dysfunction in 
human NAFLD

ENCORI

ENSG00000177303 CASKIN2 protein_coding MIMAT0000255 hsa-miR-34a-5p associates with mitochondria dynamics dysfunction in 
human NAFLD

ENCORI

ENSG00000185414 MRPL30 protein_coding MIMAT0000255 hsa-miR-34a-5p associates with mitochondria dynamics dysfunction in 
human NAFLD

ENCORI

ENSG00000069275 NUCKS1 protein_coding MIMAT0000256 hsa-miR-181a-5p Decreased miR-181a expression in monocytes of obese 
patients is associated with the occurrence of metabolic 
syndrome and coronary artery disease

ENCORI

ENSG00000089006 SNX5 protein_coding MIMAT0000256 hsa-miR-181a-5p Decreased miR-181a expression in monocytes of obese 
patients is associated with the occurrence of metabolic 
syndrome and coronary artery disease

ENCORI

ENSG00000106070 GRB10 protein_coding MIMAT0000256 hsa-miR-181a-5p Decreased miR-181a expression in monocytes of obese 
patients is associated with the occurrence of metabolic 
syndrome and coronary artery disease

ENCORI
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ENSG00000118705 RPN2 protein_coding MIMAT0000256 hsa-miR-181a-5p Decreased miR-181a expression in monocytes of obese 
patients is associated with the occurrence of metabolic 
syndrome and coronary artery disease

ENCORI

ENSG00000123297 TSFM protein_coding MIMAT0000256 hsa-miR-181a-5p Decreased miR-181a expression in monocytes of obese 
patients is associated with the occurrence of metabolic 
syndrome and coronary artery disease

ENCORI

ENSG00000129422 MTUS1 protein_coding MIMAT0000256 hsa-miR-181a-5p Decreased miR-181a expression in monocytes of obese 
patients is associated with the occurrence of metabolic 
syndrome and coronary artery disease

ENCORI

ENSG00000134287 ARF3 protein_coding MIMAT0000256 hsa-miR-181a-5p Decreased miR-181a expression in monocytes of obese 
patients is associated with the occurrence of metabolic 
syndrome and coronary artery disease

ENCORI

ENSG00000134986 NREP protein_coding MIMAT0000256 hsa-miR-181a-5p Decreased miR-181a expression in monocytes of obese 
patients is associated with the occurrence of metabolic 
syndrome and coronary artery disease

ENCORI

ENSG00000151491 EPS8 protein_coding MIMAT0000256 hsa-miR-181a-5p Decreased miR-181a expression in monocytes of obese 
patients is associated with the occurrence of metabolic 
syndrome and coronary artery disease

ENCORI

ENSG00000154734 ADAMTS1 protein_coding MIMAT0000256 hsa-miR-181a-5p Decreased miR-181a expression in monocytes of obese 
patients is associated with the occurrence of metabolic 
syndrome and coronary artery disease

ENCORI

ENSG00000164924 YWHAZ protein_coding MIMAT0000256 hsa-miR-181a-5p Decreased miR-181a expression in monocytes of obese 
patients is associated with the occurrence of metabolic 
syndrome and coronary artery disease

ENCORI

ENSG00000170027 YWHAG protein_coding MIMAT0000256 hsa-miR-181a-5p Decreased miR-181a expression in monocytes of obese 
patients is associated with the occurrence of metabolic 
syndrome and coronary artery disease

ENCORI

ENSG00000184557 SOCS3 protein_coding MIMAT0000256 hsa-miR-181a-5p Decreased miR-181a expression in monocytes of obese 
patients is associated with the occurrence of metabolic 
syndrome and coronary artery disease

ENCORI

ENSG00000196313 POM121 protein_coding MIMAT0000256 hsa-miR-181a-5p Decreased miR-181a expression in monocytes of obese 
patients is associated with the occurrence of metabolic 
syndrome and coronary artery disease

ENCORI

ENSG00000196387 ZNF140 protein_coding MIMAT0000256 hsa-miR-181a-5p Decreased miR-181a expression in monocytes of obese 
patients is associated with the occurrence of metabolic 
syndrome and coronary artery disease

ENCORI

ENSG00000198380 GFPT1 protein_coding MIMAT0000256 hsa-miR-181a-5p Decreased miR-181a expression in monocytes of obese 
patients is associated with the occurrence of metabolic 
syndrome and coronary artery disease

ENCORI



The role of miRNA following bariatric surgery

7 

ENSG00000272391 POM121C protein_coding MIMAT0000256 hsa-miR-181a-5p Decreased miR-181a expression in monocytes of obese 
patients is associated with the occurrence of metabolic 
syndrome and coronary artery disease

ENCORI

ENSG00000035141 FAM136A protein_coding MIMAT0000266 hsa-miR-205-5p miR-205 regulate epithelial to mesenchymal transition by 
targeting ZEB1 and SIP1

ENCORI

ENSG00000058673 ZC3H11A protein_coding MIMAT0000266 hsa-miR-205-5p miR-205 regulate epithelial to mesenchymal transition by 
targeting ZEB1 and SIP1

ENCORI

ENSG00000077147 TM9SF3 protein_coding MIMAT0000266 hsa-miR-205-5p miR-205 regulate epithelial to mesenchymal transition by 
targeting ZEB1 and SIP1

ENCORI

ENSG00000086061 DNAJA1 protein_coding MIMAT0000266 hsa-miR-205-5p miR-205 regulate epithelial to mesenchymal transition by 
targeting ZEB1 and SIP1

ENCORI

ENSG00000095739 BAMBI protein_coding MIMAT0000266 hsa-miR-205-5p miR-205 regulate epithelial to mesenchymal transition by 
targeting ZEB1 and SIP1

ENCORI

ENSG00000096746 HNRNPH3 protein_coding MIMAT0000266 hsa-miR-205-5p miR-205 regulate epithelial to mesenchymal transition by 
targeting ZEB1 and SIP1

ENCORI

ENSG00000100941 PNN protein_coding MIMAT0000266 hsa-miR-205-5p miR-205 regulate epithelial to mesenchymal transition by 
targeting ZEB1 and SIP1

ENCORI

ENSG00000108654 DDX5 protein_coding MIMAT0000266 hsa-miR-205-5p miR-205 regulate epithelial to mesenchymal transition by 
targeting ZEB1 and SIP1

ENCORI

ENSG00000112242 E2F3 protein_coding MIMAT0000266 hsa-miR-205-5p miR-205 regulate epithelial to mesenchymal transition by 
targeting ZEB1 and SIP1

ENCORI

ENSG00000113013 HSPA9 protein_coding MIMAT0000266 hsa-miR-205-5p miR-205 regulate epithelial to mesenchymal transition by 
targeting ZEB1 and SIP1

ENCORI

ENSG00000121578 B4GALT4 protein_coding MIMAT0000266 hsa-miR-205-5p miR-205 regulate epithelial to mesenchymal transition by 
targeting ZEB1 and SIP1

ENCORI

ENSG00000127022 CANX protein_coding MIMAT0000266 hsa-miR-205-5p miR-205 regulate epithelial to mesenchymal transition by 
targeting ZEB1 and SIP1

ENCORI

ENSG00000134250 NOTCH2 protein_coding MIMAT0000266 hsa-miR-205-5p miR-205 regulate epithelial to mesenchymal transition by 
targeting ZEB1 and SIP1

ENCORI

ENSG00000138758 ##### protein_coding MIMAT0000266 hsa-miR-205-5p miR-205 regulate epithelial to mesenchymal transition by 
targeting ZEB1 and SIP1

ENCORI

ENSG00000170584 NUDCD2 protein_coding MIMAT0000266 hsa-miR-205-5p miR-205 regulate epithelial to mesenchymal transition by 
targeting ZEB1 and SIP1

ENCORI

ENSG00000257315 ZBED6 protein_coding MIMAT0000266 hsa-miR-205-5p miR-205 regulate epithelial to mesenchymal transition by 
targeting ZEB1 and SIP1

ENCORI

ENSG00000264343 NOTCH2NL protein_coding MIMAT0000266 hsa-miR-205-5p miR-205 regulate epithelial to mesenchymal transition by 
targeting ZEB1 and SIP1

ENCORI

ENSG00000134046 MBD2 protein_coding MIMAT0000278 hsa-miR-221-3p regulates Angiopoietin-like 8 expression in adipocytes ENCORI
ENSG00000139496 NUP58 protein_coding MIMAT0000278 hsa-miR-221-3p regulates Angiopoietin-like 8 expression in adipocytes ENCORI
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ENSG00000142871 CYR61 protein_coding MIMAT0000278 hsa-miR-221-3p regulates Angiopoietin-like 8 expression in adipocytes ENCORI
ENSG00000161642 ZNF385A protein_coding MIMAT0000278 hsa-miR-221-3p regulates Angiopoietin-like 8 expression in adipocytes ENCORI
ENSG00000170027 YWHAG protein_coding MIMAT0000278 hsa-miR-221-3p regulates Angiopoietin-like 8 expression in adipocytes ENCORI
ENSG00000170035 UBE2E3 protein_coding MIMAT0000278 hsa-miR-221-3p regulates Angiopoietin-like 8 expression in adipocytes ENCORI
ENSG00000205937 RNPS1 protein_coding MIMAT0000278 hsa-miR-221-3p regulates Angiopoietin-like 8 expression in adipocytes ENCORI
ENSG00000277443 MARCKS protein_coding MIMAT0000278 hsa-miR-221-3p regulates Angiopoietin-like 8 expression in adipocytes ENCORI
ENSG00000065613 SLK protein_coding MIMAT0000318 hsa-miR-200b-3p The miR-200 family regulate epithelial to mesenchymal 

transition by targeting ZEB1 and SIP1
ENCORI

ENSG00000072401 UBE2D1 protein_coding MIMAT0000318 hsa-miR-200b-3p The miR-200 family regulate epithelial to mesenchymal 
transition by targeting ZEB1 and SIP1

ENCORI

ENSG00000105835 NAMPT protein_coding MIMAT0000318 hsa-miR-200b-3p The miR-200 family regulate epithelial to mesenchymal 
transition by targeting ZEB1 and SIP1

ENCORI

ENSG00000107036 RIC1 protein_coding MIMAT0000318 hsa-miR-200b-3p The miR-200 family regulate epithelial to mesenchymal 
transition by targeting ZEB1 and SIP1

ENCORI

ENSG00000113580 NR3C1 protein_coding MIMAT0000318 hsa-miR-200b-3p The miR-200 family regulate epithelial to mesenchymal 
transition by targeting ZEB1 and SIP1

ENCORI

ENSG00000115216 NRBP1 protein_coding MIMAT0000318 hsa-miR-200b-3p The miR-200 family regulate epithelial to mesenchymal 
transition by targeting ZEB1 and SIP1

ENCORI

ENSG00000123933 MXD4 protein_coding MIMAT0000318 hsa-miR-200b-3p The miR-200 family regulate epithelial to mesenchymal 
transition by targeting ZEB1 and SIP1

ENCORI

ENSG00000124783 SSR1 protein_coding MIMAT0000318 hsa-miR-200b-3p The miR-200 family regulate epithelial to mesenchymal 
transition by targeting ZEB1 and SIP1

ENCORI

ENSG00000125814 NAPB protein_coding MIMAT0000318 hsa-miR-200b-3p The miR-200 family regulate epithelial to mesenchymal 
transition by targeting ZEB1 and SIP1

ENCORI

ENSG00000135829 DHX9 protein_coding MIMAT0000318 hsa-miR-200b-3p The miR-200 family regulate epithelial to mesenchymal 
transition by targeting ZEB1 and SIP1

ENCORI

ENSG00000137504 CREBZF protein_coding MIMAT0000318 hsa-miR-200b-3p The miR-200 family regulate epithelial to mesenchymal 
transition by targeting ZEB1 and SIP1

ENCORI

ENSG00000138434 SSFA2 protein_coding MIMAT0000318 hsa-miR-200b-3p The miR-200 family regulate epithelial to mesenchymal 
transition by targeting ZEB1 and SIP1

ENCORI

ENSG00000138443 ABI2 protein_coding MIMAT0000318 hsa-miR-200b-3p The miR-200 family regulate epithelial to mesenchymal 
transition by targeting ZEB1 and SIP1

ENCORI

ENSG00000139737 SLAIN1 protein_coding MIMAT0000318 hsa-miR-200b-3p The miR-200 family regulate epithelial to mesenchymal 
transition by targeting ZEB1 and SIP1

ENCORI

ENSG00000161547 SRSF2 protein_coding MIMAT0000318 hsa-miR-200b-3p The miR-200 family regulate epithelial to mesenchymal 
transition by targeting ZEB1 and SIP1

ENCORI

ENSG00000162613 FUBP1 protein_coding MIMAT0000318 hsa-miR-200b-3p The miR-200 family regulate epithelial to mesenchymal 
transition by targeting ZEB1 and SIP1

ENCORI
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ENSG00000164442 CITED2 protein_coding MIMAT0000318 hsa-miR-200b-3p The miR-200 family regulate epithelial to mesenchymal 
transition by targeting ZEB1 and SIP1

ENCORI

ENSG00000165424 ZCCHC24 protein_coding MIMAT0000318 hsa-miR-200b-3p The miR-200 family regulate epithelial to mesenchymal 
transition by targeting ZEB1 and SIP1

ENCORI

ENSG00000166734 CASC4 protein_coding MIMAT0000318 hsa-miR-200b-3p The miR-200 family regulate epithelial to mesenchymal 
transition by targeting ZEB1 and SIP1

ENCORI

ENSG00000166803 PCLAF protein_coding MIMAT0000318 hsa-miR-200b-3p The miR-200 family regulate epithelial to mesenchymal 
transition by targeting ZEB1 and SIP1

ENCORI

ENSG00000171033 PKIA protein_coding MIMAT0000318 hsa-miR-200b-3p The miR-200 family regulate epithelial to mesenchymal 
transition by targeting ZEB1 and SIP1

ENCORI

ENSG00000182670 TTC3 protein_coding MIMAT0000318 hsa-miR-200b-3p The miR-200 family regulate epithelial to mesenchymal 
transition by targeting ZEB1 and SIP1

ENCORI

ENSG00000006125 AP2B1 protein_coding MIMAT0000417 hsa-miR-15b-5p was associated with a decrease in insulin resistance ENCORI
ENSG00000032444 PNPLA6 protein_coding MIMAT0000417 hsa-miR-15b-5p was associated with a decrease in insulin resistance ENCORI
ENSG00000058673 ZC3H11A protein_coding MIMAT0000417 hsa-miR-15b-5p was associated with a decrease in insulin resistance ENCORI
ENSG00000101152 DNAJC5 protein_coding MIMAT0000417 hsa-miR-15b-5p was associated with a decrease in insulin resistance ENCORI
ENSG00000109046 WSB1 protein_coding MIMAT0000417 hsa-miR-15b-5p was associated with a decrease in insulin resistance ENCORI
ENSG00000116396 KCNC4 protein_coding MIMAT0000417 hsa-miR-15b-5p was associated with a decrease in insulin resistance ENCORI
ENSG00000116754 SRSF11 protein_coding MIMAT0000417 hsa-miR-15b-5p was associated with a decrease in insulin resistance ENCORI
ENSG00000119537 KDSR protein_coding MIMAT0000417 hsa-miR-15b-5p was associated with a decrease in insulin resistance ENCORI
ENSG00000125733 TRIP10 protein_coding MIMAT0000417 hsa-miR-15b-5p was associated with a decrease in insulin resistance ENCORI
ENSG00000133612 AGAP3 protein_coding MIMAT0000417 hsa-miR-15b-5p was associated with a decrease in insulin resistance ENCORI
ENSG00000138443 ABI2 protein_coding MIMAT0000417 hsa-miR-15b-5p was associated with a decrease in insulin resistance ENCORI
ENSG00000139146 SINHCAF protein_coding MIMAT0000417 hsa-miR-15b-5p was associated with a decrease in insulin resistance ENCORI
ENSG00000143207 COP1 protein_coding MIMAT0000417 hsa-miR-15b-5p was associated with a decrease in insulin resistance ENCORI
ENSG00000146830 GIGYF1 protein_coding MIMAT0000417 hsa-miR-15b-5p was associated with a decrease in insulin resistance ENCORI
ENSG00000149136 SSRP1 protein_coding MIMAT0000417 hsa-miR-15b-5p was associated with a decrease in insulin resistance ENCORI
ENSG00000157954 WIPI2 protein_coding MIMAT0000417 hsa-miR-15b-5p was associated with a decrease in insulin resistance ENCORI
ENSG00000158669 GPAT4 protein_coding MIMAT0000417 hsa-miR-15b-5p was associated with a decrease in insulin resistance ENCORI
ENSG00000160703 NLRX1 protein_coding MIMAT0000417 hsa-miR-15b-5p was associated with a decrease in insulin resistance ENCORI
ENSG00000167552 TUBA1A protein_coding MIMAT0000417 hsa-miR-15b-5p was associated with a decrease in insulin resistance ENCORI
ENSG00000168807 SNTB2 protein_coding MIMAT0000417 hsa-miR-15b-5p was associated with a decrease in insulin resistance ENCORI
ENSG00000173545 ZNF622 protein_coding MIMAT0000417 hsa-miR-15b-5p was associated with a decrease in insulin resistance ENCORI
ENSG00000173821 RNF213 protein_coding MIMAT0000417 hsa-miR-15b-5p was associated with a decrease in insulin resistance ENCORI
ENSG00000173898 SPTBN2 protein_coding MIMAT0000417 hsa-miR-15b-5p was associated with a decrease in insulin resistance ENCORI
ENSG00000184205 TSPYL2 protein_coding MIMAT0000417 hsa-miR-15b-5p was associated with a decrease in insulin resistance ENCORI
ENSG00000198718 TOGARAM1 protein_coding MIMAT0000417 hsa-miR-15b-5p was associated with a decrease in insulin resistance ENCORI
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ENSG00000241878 PISD protein_coding MIMAT0000417 hsa-miR-15b-5p was associated with a decrease in insulin resistance ENCORI
ENSG00000257315 ZBED6 protein_coding MIMAT0000417 hsa-miR-15b-5p was associated with a decrease in insulin resistance ENCORI
ENSG00000012660 ELOVL5 protein_coding MIMAT0000420 hsa-miR-30b-5p Expression of inflammatory and macrophage-related 

genes was opposite to decreased miR-30b-5p
ENCORI

ENSG00000114353 GNAI2 protein_coding MIMAT0000420 hsa-miR-30b-5p Expression of inflammatory and macrophage-related 
genes was opposite to decreased miR-30b-5p

ENCORI

ENSG00000115875 SRSF7 protein_coding MIMAT0000420 hsa-miR-30b-5p Expression of inflammatory and macrophage-related 
genes was opposite to decreased miR-30b-5p

ENCORI

ENSG00000116017 ARID3A protein_coding MIMAT0000420 hsa-miR-30b-5p Expression of inflammatory and macrophage-related 
genes was opposite to decreased miR-30b-5p

ENCORI

ENSG00000122482 ZNF644 protein_coding MIMAT0000420 hsa-miR-30b-5p Expression of inflammatory and macrophage-related 
genes was opposite to decreased miR-30b-5p

ENCORI

ENSG00000124214 STAU1 protein_coding MIMAT0000420 hsa-miR-30b-5p Expression of inflammatory and macrophage-related 
genes was opposite to decreased miR-30b-5p

ENCORI

ENSG00000146112 PPP1R18 protein_coding MIMAT0000420 hsa-miR-30b-5p Expression of inflammatory and macrophage-related 
genes was opposite to decreased miR-30b-5p

ENCORI

ENSG00000162923 WDR26 protein_coding MIMAT0000420 hsa-miR-30b-5p Expression of inflammatory and macrophage-related 
genes was opposite to decreased miR-30b-5p

ENCORI

ENSG00000166025 AMOTL1 protein_coding MIMAT0000420 hsa-miR-30b-5p Expression of inflammatory and macrophage-related 
genes was opposite to decreased miR-30b-5p

ENCORI

ENSG00000168615 ADAM9 protein_coding MIMAT0000420 hsa-miR-30b-5p Expression of inflammatory and macrophage-related 
genes was opposite to decreased miR-30b-5p

ENCORI

ENSG00000169756 LIMS1 protein_coding MIMAT0000420 hsa-miR-30b-5p Expression of inflammatory and macrophage-related 
genes was opposite to decreased miR-30b-5p

ENCORI

ENSG00000171223 JUNB protein_coding MIMAT0000420 hsa-miR-30b-5p Expression of inflammatory and macrophage-related 
genes was opposite to decreased miR-30b-5p

ENCORI

ENSG00000171865 RNASEH1 protein_coding MIMAT0000420 hsa-miR-30b-5p Expression of inflammatory and macrophage-related 
genes was opposite to decreased miR-30b-5p

ENCORI

ENSG00000277443 MARCKS protein_coding MIMAT0000420 hsa-miR-30b-5p Expression of inflammatory and macrophage-related 
genes was opposite to decreased miR-30b-5p

ENCORI

ENSG00000067225 PKM protein_coding MIMAT0000421 hsa-miR-122-5p Decreased miR-122-5p in liver was associated with im-
paired FA usage

ENCORI

ENSG00000085644 ZNF213 protein_coding MIMAT0000421 hsa-miR-122-5p Decreased miR-122-5p in liver was associated with im-
paired FA usage

ENCORI

ENSG00000118454 ANKRD13C protein_coding MIMAT0000421 hsa-miR-122-5p Decreased miR-122-5p in liver was associated with im-
paired FA usage

ENCORI

ENSG00000125970 RALY protein_coding MIMAT0000421 hsa-miR-122-5p Decreased miR-122-5p in liver was associated with im-
paired FA usage

ENCORI
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ENSG00000140575 IQGAP1 protein_coding MIMAT0000421 hsa-miR-122-5p Decreased miR-122-5p in liver was associated with im-
paired FA usage

ENCORI

ENSG00000147065 MSN protein_coding MIMAT0000421 hsa-miR-122-5p Decreased miR-122-5p in liver was associated with im-
paired FA usage

ENCORI

ENSG00000147140 NONO protein_coding MIMAT0000421 hsa-miR-122-5p Decreased miR-122-5p in liver was associated with im-
paired FA usage

ENCORI

ENSG00000149925 ALDOA protein_coding MIMAT0000421 hsa-miR-122-5p Decreased miR-122-5p in liver was associated with im-
paired FA usage

ENCORI

ENSG00000175826 CTDNEP1 protein_coding MIMAT0000421 hsa-miR-122-5p Decreased miR-122-5p in liver was associated with im-
paired FA usage

ENCORI

ENSG00000285043 ALDOA protein_coding MIMAT0000421 hsa-miR-122-5p Decreased miR-122-5p in liver was associated with im-
paired FA usage

ENCORI

ENSG00000071127 WDR1 protein_coding MIMAT0000423 hsa-miR-125b-5p The expression profile of pri-miR-125b-2 correlated posi-
tively with body mass index

ENCORI

ENSG00000138867 GUCD1 protein_coding MIMAT0000423 hsa-miR-125b-5p The expression profile of pri-miR-125b-2 correlated posi-
tively with body mass index

ENCORI

ENSG00000143575 HAX1 protein_coding MIMAT0000423 hsa-miR-125b-5p The expression profile of pri-miR-125b-2 correlated posi-
tively with body mass index

ENCORI

ENSG00000144120 TMEM177 protein_coding MIMAT0000423 hsa-miR-125b-5p The expression profile of pri-miR-125b-2 correlated posi-
tively with body mass index

ENCORI

ENSG00000156521 TYSND1 protein_coding MIMAT0000423 hsa-miR-125b-5p The expression profile of pri-miR-125b-2 correlated posi-
tively with body mass index

ENCORI

ENSG00000156709 AIFM1 protein_coding MIMAT0000423 hsa-miR-125b-5p The expression profile of pri-miR-125b-2 correlated posi-
tively with body mass index

ENCORI

ENSG00000167566 NCKAP5L protein_coding MIMAT0000423 hsa-miR-125b-5p The expression profile of pri-miR-125b-2 correlated posi-
tively with body mass index

ENCORI

ENSG00000172531 PPP1CA protein_coding MIMAT0000423 hsa-miR-125b-5p The expression profile of pri-miR-125b-2 correlated posi-
tively with body mass index

ENCORI

ENSG00000100575 TIMM9 protein_coding MIMAT0000426 hsa-miR-132-3p The expression of mir-132 is positively correlated with the 
severity of diabetes

ENCORI

ENSG00000104695 PPP2CB protein_coding MIMAT0000426 hsa-miR-132-3p The expression of mir-132 is positively correlated with the 
severity of diabetes

ENCORI

ENSG00000113387 SUB1 protein_coding MIMAT0000426 hsa-miR-132-3p The expression of mir-132 is positively correlated with the 
severity of diabetes

ENCORI

ENSG00000120738 EGR1 protein_coding MIMAT0000426 hsa-miR-132-3p The expression of mir-132 is positively correlated with the 
severity of diabetes

ENCORI

ENSG00000126777 KTN1 protein_coding MIMAT0000426 hsa-miR-132-3p The expression of mir-132 is positively correlated with the 
severity of diabetes

ENCORI
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ENSG00000146830 GIGYF1 protein_coding MIMAT0000426 hsa-miR-132-3p The expression of mir-132 is positively correlated with the 
severity of diabetes

ENCORI

ENSG00000151893 CACUL1 protein_coding MIMAT0000426 hsa-miR-132-3p The expression of mir-132 is positively correlated with the 
severity of diabetes

ENCORI

ENSG00000164754 RAD21 protein_coding MIMAT0000426 hsa-miR-132-3p The expression of mir-132 is positively correlated with the 
severity of diabetes

ENCORI

ENSG00000165389 SPTSSA protein_coding MIMAT0000426 hsa-miR-132-3p The expression of mir-132 is positively correlated with the 
severity of diabetes

ENCORI

ENSG00000169756 LIMS1 protein_coding MIMAT0000426 hsa-miR-132-3p The expression of mir-132 is positively correlated with the 
severity of diabetes

ENCORI

ENSG00000181467 RAP2B protein_coding MIMAT0000426 hsa-miR-132-3p The expression of mir-132 is positively correlated with the 
severity of diabetes

ENCORI

ENSG00000184575 XPOT protein_coding MIMAT0000426 hsa-miR-132-3p The expression of mir-132 is positively correlated with the 
severity of diabetes

ENCORI

ENSG00000198176 TFDP1 protein_coding MIMAT0000426 hsa-miR-132-3p The expression of mir-132 is positively correlated with the 
severity of diabetes

ENCORI

ENSG00000239306 RBM14 protein_coding MIMAT0000426 hsa-miR-132-3p The expression of mir-132 is positively correlated with the 
severity of diabetes

ENCORI

ENSG00000025796 SEC63 protein_coding MIMAT0000436 hsa-miR-144-3p miR-144 and their target gene ABCA1 may contribute to 
the pathogenesis of NASH in morbidly obese subjects

ENCORI

ENSG00000054267 ARID4B protein_coding MIMAT0000436 hsa-miR-144-3p miR-144 and their target gene ABCA1 may contribute to 
the pathogenesis of NASH in morbidly obese subjects

ENCORI

ENSG00000067560 RHOA protein_coding MIMAT0000436 hsa-miR-144-3p miR-144 and their target gene ABCA1 may contribute to 
the pathogenesis of NASH in morbidly obese subjects

ENCORI

ENSG00000073417 PDE8A protein_coding MIMAT0000436 hsa-miR-144-3p miR-144 and their target gene ABCA1 may contribute to 
the pathogenesis of NASH in morbidly obese subjects

ENCORI

ENSG00000082153 BZW1 protein_coding MIMAT0000436 hsa-miR-144-3p miR-144 and their target gene ABCA1 may contribute to 
the pathogenesis of NASH in morbidly obese subjects

ENCORI

ENSG00000109046 WSB1 protein_coding MIMAT0000436 hsa-miR-144-3p miR-144 and their target gene ABCA1 may contribute to 
the pathogenesis of NASH in morbidly obese subjects

ENCORI

ENSG00000112245 PTP4A1 protein_coding MIMAT0000436 hsa-miR-144-3p miR-144 and their target gene ABCA1 may contribute to 
the pathogenesis of NASH in morbidly obese subjects

ENCORI

ENSG00000115414 FN1 protein_coding MIMAT0000436 hsa-miR-144-3p miR-144 and their target gene ABCA1 may contribute to 
the pathogenesis of NASH in morbidly obese subjects

ENCORI

ENSG00000115540 MOB4 protein_coding MIMAT0000436 hsa-miR-144-3p miR-144 and their target gene ABCA1 may contribute to 
the pathogenesis of NASH in morbidly obese subjects

ENCORI

ENSG00000117519 CNN3 protein_coding MIMAT0000436 hsa-miR-144-3p miR-144 and their target gene ABCA1 may contribute to 
the pathogenesis of NASH in morbidly obese subjects

ENCORI
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ENSG00000117523 PRRC2C protein_coding MIMAT0000436 hsa-miR-144-3p miR-144 and their target gene ABCA1 may contribute to 
the pathogenesis of NASH in morbidly obese subjects

ENCORI

ENSG00000117713 ARID1A protein_coding MIMAT0000436 hsa-miR-144-3p miR-144 and their target gene ABCA1 may contribute to 
the pathogenesis of NASH in morbidly obese subjects

ENCORI

ENSG00000120733 KDM3B protein_coding MIMAT0000436 hsa-miR-144-3p miR-144 and their target gene ABCA1 may contribute to 
the pathogenesis of NASH in morbidly obese subjects

ENCORI

ENSG00000126945 HNRNPH2 protein_coding MIMAT0000436 hsa-miR-144-3p miR-144 and their target gene ABCA1 may contribute to 
the pathogenesis of NASH in morbidly obese subjects

ENCORI

ENSG00000130749 ZC3H4 protein_coding MIMAT0000436 hsa-miR-144-3p miR-144 and their target gene ABCA1 may contribute to 
the pathogenesis of NASH in morbidly obese subjects

ENCORI

ENSG00000133731 IMPA1 protein_coding MIMAT0000436 hsa-miR-144-3p miR-144 and their target gene ABCA1 may contribute to 
the pathogenesis of NASH in morbidly obese subjects

ENCORI

ENSG00000135316 SYNCRIP protein_coding MIMAT0000436 hsa-miR-144-3p miR-144 and their target gene ABCA1 may contribute to 
the pathogenesis of NASH in morbidly obese subjects

ENCORI

ENSG00000136521 NDUFB5 protein_coding MIMAT0000436 hsa-miR-144-3p miR-144 and their target gene ABCA1 may contribute to 
the pathogenesis of NASH in morbidly obese subjects

ENCORI

ENSG00000139793 MBNL2 protein_coding MIMAT0000436 hsa-miR-144-3p miR-144 and their target gene ABCA1 may contribute to 
the pathogenesis of NASH in morbidly obese subjects

ENCORI

ENSG00000143179 UCK2 protein_coding MIMAT0000436 hsa-miR-144-3p miR-144 and their target gene ABCA1 may contribute to 
the pathogenesis of NASH in morbidly obese subjects

ENCORI

ENSG00000150347 ARID5B protein_coding MIMAT0000436 hsa-miR-144-3p miR-144 and their target gene ABCA1 may contribute to 
the pathogenesis of NASH in morbidly obese subjects

ENCORI

ENSG00000150995 ITPR1 protein_coding MIMAT0000436 hsa-miR-144-3p miR-144 and their target gene ABCA1 may contribute to 
the pathogenesis of NASH in morbidly obese subjects

ENCORI

ENSG00000165525 NEMF protein_coding MIMAT0000436 hsa-miR-144-3p miR-144 and their target gene ABCA1 may contribute to 
the pathogenesis of NASH in morbidly obese subjects

ENCORI

ENSG00000166444 ST5 protein_coding MIMAT0000436 hsa-miR-144-3p miR-144 and their target gene ABCA1 may contribute to 
the pathogenesis of NASH in morbidly obese subjects

ENCORI

ENSG00000166681 BEX3 protein_coding MIMAT0000436 hsa-miR-144-3p miR-144 and their target gene ABCA1 may contribute to 
the pathogenesis of NASH in morbidly obese subjects

ENCORI

ENSG00000166747 AP1G1 protein_coding MIMAT0000436 hsa-miR-144-3p miR-144 and their target gene ABCA1 may contribute to 
the pathogenesis of NASH in morbidly obese subjects

ENCORI

ENSG00000177383 MAGEF1 protein_coding MIMAT0000436 hsa-miR-144-3p miR-144 and their target gene ABCA1 may contribute to 
the pathogenesis of NASH in morbidly obese subjects

ENCORI

ENSG00000177565 TBL1XR1 protein_coding MIMAT0000436 hsa-miR-144-3p miR-144 and their target gene ABCA1 may contribute to 
the pathogenesis of NASH in morbidly obese subjects

ENCORI

ENSG00000011454 RABGAP1 protein_coding MIMAT0000449 hsa-miR-146a-5p causing lipoapoptosis of pancreatic islet cells, resulting in 
insulin deficiency and  increased miR-146b-5p was associ-
ated with FABP4 and decreased glucose metabolism and 
FA mobilization

ENCORI
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ENSG00000022267 FHL1 protein_coding MIMAT0000449 hsa-miR-146a-5p causing lipoapoptosis of pancreatic islet cells, resulting in 
insulin deficiency and  increased miR-146b-5p was associ-
ated with FABP4 and decreased glucose metabolism and 
FA mobilization

ENCORI

ENSG00000025800 KPNA6 protein_coding MIMAT0000449 hsa-miR-146a-5p causing lipoapoptosis of pancreatic islet cells, resulting in 
insulin deficiency and  increased miR-146b-5p was associ-
ated with FABP4 and decreased glucose metabolism and 
FA mobilization

ENCORI

ENSG00000143862 ARL8A protein_coding MIMAT0000449 hsa-miR-146a-5p causing lipoapoptosis of pancreatic islet cells, resulting in 
insulin deficiency and  increased miR-146b-5p was associ-
ated with FABP4 and decreased glucose metabolism and 
FA mobilization

ENCORI

ENSG00000239672 NME1 protein_coding MIMAT0000449 hsa-miR-146a-5p causing lipoapoptosis of pancreatic islet cells, resulting in 
insulin deficiency and  increased miR-146b-5p was associ-
ated with FABP4 and decreased glucose metabolism and 
FA mobilization

ENCORI

ENSG00000048828 FAM120A protein_coding MIMAT0000646 hsa-miR-155-5p loss of miR-155 increases intake of an obesogenic diet ENCORI
ENSG00000071539 TRIP13 protein_coding MIMAT0000646 hsa-miR-155-5p loss of miR-155 increases intake of an obesogenic diet ENCORI
ENSG00000117525 F3 protein_coding MIMAT0000646 hsa-miR-155-5p loss of miR-155 increases intake of an obesogenic diet ENCORI
ENSG00000117906 RCN2 protein_coding MIMAT0000646 hsa-miR-155-5p loss of miR-155 increases intake of an obesogenic diet ENCORI
ENSG00000137831 UACA protein_coding MIMAT0000646 hsa-miR-155-5p loss of miR-155 increases intake of an obesogenic diet ENCORI
ENSG00000168264 IRF2BP2 protein_coding MIMAT0000646 hsa-miR-155-5p loss of miR-155 increases intake of an obesogenic diet ENCORI
ENSG00000065150 IPO5 protein_coding MIMAT0000682 hsa-miR-200a-3p The miR-200 family regulate epithelial to mesenchymal 

transition by targeting ZEB1 and SIP1
ENCORI

ENSG00000083312 TNPO1 protein_coding MIMAT0000682 hsa-miR-200a-3p The miR-200 family regulate epithelial to mesenchymal 
transition by targeting ZEB1 and SIP1

ENCORI

ENSG00000099364 FBXL19 protein_coding MIMAT0000682 hsa-miR-200a-3p The miR-200 family regulate epithelial to mesenchymal 
transition by targeting ZEB1 and SIP1

ENCORI

ENSG00000105887 MTPN protein_coding MIMAT0000682 hsa-miR-200a-3p The miR-200 family regulate epithelial to mesenchymal 
transition by targeting ZEB1 and SIP1

ENCORI

ENSG00000107372 ZFAND5 protein_coding MIMAT0000682 hsa-miR-200a-3p The miR-200 family regulate epithelial to mesenchymal 
transition by targeting ZEB1 and SIP1

ENCORI

ENSG00000112245 PTP4A1 protein_coding MIMAT0000682 hsa-miR-200a-3p The miR-200 family regulate epithelial to mesenchymal 
transition by targeting ZEB1 and SIP1

ENCORI

ENSG00000112972 HMGCS1 protein_coding MIMAT0000682 hsa-miR-200a-3p The miR-200 family regulate epithelial to mesenchymal 
transition by targeting ZEB1 and SIP1

ENCORI

ENSG00000113328 CCNG1 protein_coding MIMAT0000682 hsa-miR-200a-3p The miR-200 family regulate epithelial to mesenchymal 
transition by targeting ZEB1 and SIP1

ENCORI

ENSG00000136521 NDUFB5 protein_coding MIMAT0000682 hsa-miR-200a-3p The miR-200 family regulate epithelial to mesenchymal 
transition by targeting ZEB1 and SIP1

ENCORI
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ENSG00000144566 RAB5A protein_coding MIMAT0000682 hsa-miR-200a-3p The miR-200 family regulate epithelial to mesenchymal 
transition by targeting ZEB1 and SIP1

ENCORI

ENSG00000152102 FAM168B protein_coding MIMAT0000682 hsa-miR-200a-3p The miR-200 family regulate epithelial to mesenchymal 
transition by targeting ZEB1 and SIP1

ENCORI

ENSG00000153936 HS2ST1 protein_coding MIMAT0000682 hsa-miR-200a-3p The miR-200 family regulate epithelial to mesenchymal 
transition by targeting ZEB1 and SIP1

ENCORI

ENSG00000162704 ARPC5 protein_coding MIMAT0000682 hsa-miR-200a-3p The miR-200 family regulate epithelial to mesenchymal 
transition by targeting ZEB1 and SIP1

ENCORI

ENSG00000163539 CLASP2 protein_coding MIMAT0000682 hsa-miR-200a-3p The miR-200 family regulate epithelial to mesenchymal 
transition by targeting ZEB1 and SIP1

ENCORI

ENSG00000163714 U2SURP protein_coding MIMAT0000682 hsa-miR-200a-3p The miR-200 family regulate epithelial to mesenchymal 
transition by targeting ZEB1 and SIP1

ENCORI

ENSG00000167615 LENG8 protein_coding MIMAT0000682 hsa-miR-200a-3p The miR-200 family regulate epithelial to mesenchymal 
transition by targeting ZEB1 and SIP1

ENCORI

ENSG00000185722 ANKFY1 protein_coding MIMAT0000682 hsa-miR-200a-3p The miR-200 family regulate epithelial to mesenchymal 
transition by targeting ZEB1 and SIP1

ENCORI

ENSG00000187109 NAP1L1 protein_coding MIMAT0000682 hsa-miR-200a-3p The miR-200 family regulate epithelial to mesenchymal 
transition by targeting ZEB1 and SIP1

ENCORI

ENSG00000239672 NME1 protein_coding MIMAT0000682 hsa-miR-200a-3p The miR-200 family regulate epithelial to mesenchymal 
transition by targeting ZEB1 and SIP1

ENCORI

ENSG00000003056 M6PR protein_coding MIMAT0000688 hsa-miR-301a-3p miR-301a-3p increased with disease progression ENCORI
ENSG00000032444 PNPLA6 protein_coding MIMAT0000688 hsa-miR-301a-3p miR-301a-3p increased with disease progression ENCORI
ENSG00000110367 DDX6 protein_coding MIMAT0000688 hsa-miR-301a-3p miR-301a-3p increased with disease progression ENCORI
ENSG00000112531 QKI protein_coding MIMAT0000688 hsa-miR-301a-3p miR-301a-3p increased with disease progression ENCORI
ENSG00000118454 ANKRD13C protein_coding MIMAT0000688 hsa-miR-301a-3p miR-301a-3p increased with disease progression ENCORI
ENSG00000129562 DAD1 protein_coding MIMAT0000688 hsa-miR-301a-3p miR-301a-3p increased with disease progression ENCORI
ENSG00000130164 LDLR protein_coding MIMAT0000688 hsa-miR-301a-3p miR-301a-3p increased with disease progression ENCORI
ENSG00000144566 RAB5A protein_coding MIMAT0000688 hsa-miR-301a-3p miR-301a-3p increased with disease progression ENCORI
ENSG00000160785 SLC25A44 protein_coding MIMAT0000688 hsa-miR-301a-3p miR-301a-3p increased with disease progression ENCORI
ENSG00000198160 MIER1 protein_coding MIMAT0000688 hsa-miR-301a-3p miR-301a-3p increased with disease progression ENCORI
ENSG00000003056 M6PR protein_coding MIMAT0000691 hsa-miR-130b-3p The expression of mir-130 is positively correlated with the 

severity of diabetes
ENCORI

ENSG00000032444 PNPLA6 protein_coding MIMAT0000691 hsa-miR-130b-3p The expression of mir-130 is positively correlated with the 
severity of diabetes

ENCORI

ENSG00000110367 DDX6 protein_coding MIMAT0000691 hsa-miR-130b-3p The expression of mir-130 is positively correlated with the 
severity of diabetes

ENCORI

ENSG00000112531 QKI protein_coding MIMAT0000691 hsa-miR-130b-3p The expression of mir-130 is positively correlated with the 
severity of diabetes

ENCORI
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ENSG00000118454 ANKRD13C protein_coding MIMAT0000691 hsa-miR-130b-3p The expression of mir-130 is positively correlated with the 
severity of diabetes

ENCORI

ENSG00000129562 DAD1 protein_coding MIMAT0000691 hsa-miR-130b-3p The expression of mir-130 is positively correlated with the 
severity of diabetes

ENCORI

ENSG00000130164 LDLR protein_coding MIMAT0000691 hsa-miR-130b-3p The expression of mir-130 is positively correlated with the 
severity of diabetes

ENCORI

ENSG00000144566 RAB5A protein_coding MIMAT0000691 hsa-miR-130b-3p The expression of mir-130 is positively correlated with the 
severity of diabetes

ENCORI

ENSG00000160785 SLC25A44 protein_coding MIMAT0000691 hsa-miR-130b-3p The expression of mir-130 is positively correlated with the 
severity of diabetes

ENCORI

ENSG00000198160 MIER1 protein_coding MIMAT0000691 hsa-miR-130b-3p The expression of mir-130 is positively correlated with the 
severity of diabetes

ENCORI

ENSG00000065978 YBX1 protein_coding MIMAT0000728 hsa-miR-375 miR-375 decreased with nonalcoholic fatty liver disease 
progression

ENCORI

ENSG00000106682 EIF4H protein_coding MIMAT0000728 hsa-miR-375 miR-375 decreased with nonalcoholic fatty liver disease 
progression

ENCORI

ENSG00000108510 MED13 protein_coding MIMAT0000728 hsa-miR-375 miR-375 decreased with nonalcoholic fatty liver disease 
progression

ENCORI

ENSG00000111716 LDHB protein_coding MIMAT0000728 hsa-miR-375 miR-375 decreased with nonalcoholic fatty liver disease 
progression

ENCORI

ENSG00000113369 ARRDC3 protein_coding MIMAT0000728 hsa-miR-375 miR-375 decreased with nonalcoholic fatty liver disease 
progression

ENCORI

ENSG00000121067 SPOP protein_coding MIMAT0000728 hsa-miR-375 miR-375 decreased with nonalcoholic fatty liver disease 
progression

ENCORI

ENSG00000123983 ACSL3 protein_coding MIMAT0000728 hsa-miR-375 miR-375 decreased with nonalcoholic fatty liver disease 
progression

ENCORI

ENSG00000127947 PTPN12 protein_coding MIMAT0000728 hsa-miR-375 miR-375 decreased with nonalcoholic fatty liver disease 
progression

ENCORI

ENSG00000139154 AEBP2 protein_coding MIMAT0000728 hsa-miR-375 miR-375 decreased with nonalcoholic fatty liver disease 
progression

ENCORI

ENSG00000164985 PSIP1 protein_coding MIMAT0000728 hsa-miR-375 miR-375 decreased with nonalcoholic fatty liver disease 
progression

ENCORI

ENSG00000166272 WBP1L protein_coding MIMAT0000728 hsa-miR-375 miR-375 decreased with nonalcoholic fatty liver disease 
progression

ENCORI

ENSG00000032444 PNPLA6 protein_coding MIMAT0000759 hsa-miR-148b-3p Increase in muscle miR-148b content might thus partici-
pate in the decrease in insulin sensitivity at the whole 
body level during the transition toward physical inactivity

ENCORI

ENSG00000034510 TMSB10 protein_coding MIMAT0000759 hsa-miR-148b-3p Increase in muscle miR-148b content might thus partici-
pate in the decrease in insulin sensitivity at the whole 
body level during the transition toward physical inactivity

ENCORI
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ENSG00000064601 CTSA protein_coding MIMAT0000759 hsa-miR-148b-3p Increase in muscle miR-148b content might thus partici-
pate in the decrease in insulin sensitivity at the whole 
body level during the transition toward physical inactivity

ENCORI

ENSG00000087111 PIGS protein_coding MIMAT0000759 hsa-miR-148b-3p Increase in muscle miR-148b content might thus partici-
pate in the decrease in insulin sensitivity at the whole 
body level during the transition toward physical inactivity

ENCORI

ENSG00000100568 VTI1B protein_coding MIMAT0000759 hsa-miR-148b-3p Increase in muscle miR-148b content might thus partici-
pate in the decrease in insulin sensitivity at the whole 
body level during the transition toward physical inactivity

ENCORI

ENSG00000102908 NFAT5 protein_coding MIMAT0000759 hsa-miR-148b-3p Increase in muscle miR-148b content might thus partici-
pate in the decrease in insulin sensitivity at the whole 
body level during the transition toward physical inactivity

ENCORI

ENSG00000104064 GABPB1 protein_coding MIMAT0000759 hsa-miR-148b-3p Increase in muscle miR-148b content might thus partici-
pate in the decrease in insulin sensitivity at the whole 
body level during the transition toward physical inactivity

ENCORI

ENSG00000110367 DDX6 protein_coding MIMAT0000759 hsa-miR-148b-3p Increase in muscle miR-148b content might thus partici-
pate in the decrease in insulin sensitivity at the whole 
body level during the transition toward physical inactivity

ENCORI

ENSG00000111737 RAB35 protein_coding MIMAT0000759 hsa-miR-148b-3p Increase in muscle miR-148b content might thus partici-
pate in the decrease in insulin sensitivity at the whole 
body level during the transition toward physical inactivity

ENCORI

ENSG00000112531 QKI protein_coding MIMAT0000759 hsa-miR-148b-3p Increase in muscle miR-148b content might thus partici-
pate in the decrease in insulin sensitivity at the whole 
body level during the transition toward physical inactivity

ENCORI

ENSG00000116717 GADD45A protein_coding MIMAT0000759 hsa-miR-148b-3p Increase in muscle miR-148b content might thus partici-
pate in the decrease in insulin sensitivity at the whole 
body level during the transition toward physical inactivity

ENCORI

ENSG00000136854 STXBP1 protein_coding MIMAT0000759 hsa-miR-148b-3p Increase in muscle miR-148b content might thus partici-
pate in the decrease in insulin sensitivity at the whole 
body level during the transition toward physical inactivity

ENCORI

ENSG00000145860 RNF145 protein_coding MIMAT0000759 hsa-miR-148b-3p Increase in muscle miR-148b content might thus partici-
pate in the decrease in insulin sensitivity at the whole 
body level during the transition toward physical inactivity

ENCORI

ENSG00000148719 DNAJB12 protein_coding MIMAT0000759 hsa-miR-148b-3p Increase in muscle miR-148b content might thus partici-
pate in the decrease in insulin sensitivity at the whole 
body level during the transition toward physical inactivity

ENCORI

ENSG00000160785 SLC25A44 protein_coding MIMAT0000759 hsa-miR-148b-3p Increase in muscle miR-148b content might thus partici-
pate in the decrease in insulin sensitivity at the whole 
body level during the transition toward physical inactivity

ENCORI
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ENSG00000170471 RALGAPB protein_coding MIMAT0000759 hsa-miR-148b-3p Increase in muscle miR-148b content might thus partici-
pate in the decrease in insulin sensitivity at the whole 
body level during the transition toward physical inactivity

ENCORI

ENSG00000174437 ATP2A2 protein_coding MIMAT0000759 hsa-miR-148b-3p Increase in muscle miR-148b content might thus partici-
pate in the decrease in insulin sensitivity at the whole 
body level during the transition toward physical inactivity

ENCORI

ENSG00000184557 SOCS3 protein_coding MIMAT0000759 hsa-miR-148b-3p Increase in muscle miR-148b content might thus partici-
pate in the decrease in insulin sensitivity at the whole 
body level during the transition toward physical inactivity

ENCORI

ENSG00000205542 TMSB4X protein_coding MIMAT0000759 hsa-miR-148b-3p Increase in muscle miR-148b content might thus partici-
pate in the decrease in insulin sensitivity at the whole 
body level during the transition toward physical inactivity

ENCORI

ENSG00000065809 FAM107B protein_coding MIMAT0000765 hsa-miR-335-5p miR-335-5p is associated with differing proliferative pro-
cesses in bone

ENCORI

ENSG00000101558 VAPA protein_coding MIMAT0000765 hsa-miR-335-5p miR-335-5p is associated with differing proliferative pro-
cesses in bone

ENCORI

ENSG00000111716 LDHB protein_coding MIMAT0000765 hsa-miR-335-5p miR-335-5p is associated with differing proliferative pro-
cesses in bone

ENCORI

ENSG00000119655 NPC2 protein_coding MIMAT0000765 hsa-miR-335-5p miR-335-5p is associated with differing proliferative pro-
cesses in bone

ENCORI

ENSG00000122497 NBPF14 protein_coding MIMAT0000765 hsa-miR-335-5p miR-335-5p is associated with differing proliferative pro-
cesses in bone

ENCORI

ENSG00000239672 NME1 protein_coding MIMAT0000765 hsa-miR-335-5p miR-335-5p is associated with differing proliferative pro-
cesses in bone

ENCORI

ENSG00000113648 H2AFY protein_coding MIMAT0001339 hsa-miR-422a Expression of inflammatory and macrophage-related 
genes was opposite to decreased miR-422a

ENCORI

ENSG00000141298 SSH2 protein_coding MIMAT0001339 hsa-miR-422a Expression of inflammatory and macrophage-related 
genes was opposite to decreased miR-422a

ENCORI

ENSG00000157020 SEC13 protein_coding MIMAT0001339 hsa-miR-422a Expression of inflammatory and macrophage-related 
genes was opposite to decreased miR-422a

ENCORI

ENSG00000161091 MFSD12 protein_coding MIMAT0001339 hsa-miR-422a Expression of inflammatory and macrophage-related 
genes was opposite to decreased miR-422a

ENCORI

ENSG00000182093 WRB protein_coding MIMAT0001339 hsa-miR-422a Expression of inflammatory and macrophage-related 
genes was opposite to decreased miR-422a

ENCORI

ENSG00000198242 RPL23A protein_coding MIMAT0001339 hsa-miR-422a Expression of inflammatory and macrophage-related 
genes was opposite to decreased miR-422a

ENCORI
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ENSG00000048828 FAM120A protein_coding MIMAT0001532 hsa-miR-448 miR-448 and its target gene SIRT1 can serve as prognos-
tic indicators for obese T2DM patients after laparoscopic 
bariatric surgery

ENCORI

ENSG00000074855 ANO8 protein_coding MIMAT0001532 hsa-miR-448 miR-448 and its target gene SIRT1 can serve as prognos-
tic indicators for obese T2DM patients after laparoscopic 
bariatric surgery

ENCORI

ENSG00000086062 B4GALT1 protein_coding MIMAT0001532 hsa-miR-448 miR-448 and its target gene SIRT1 can serve as prognos-
tic indicators for obese T2DM patients after laparoscopic 
bariatric surgery

ENCORI

ENSG00000096384 HSP90AB1 protein_coding MIMAT0001532 hsa-miR-448 miR-448 and its target gene SIRT1 can serve as prognos-
tic indicators for obese T2DM patients after laparoscopic 
bariatric surgery

ENCORI

ENSG00000100644 HIF1A protein_coding MIMAT0001532 hsa-miR-448 miR-448 and its target gene SIRT1 can serve as prognos-
tic indicators for obese T2DM patients after laparoscopic 
bariatric surgery

ENCORI

ENSG00000106546 AHR protein_coding MIMAT0001532 hsa-miR-448 miR-448 and its target gene SIRT1 can serve as prognos-
tic indicators for obese T2DM patients after laparoscopic 
bariatric surgery

ENCORI

ENSG00000115310 RTN4 protein_coding MIMAT0001532 hsa-miR-448 miR-448 and its target gene SIRT1 can serve as prognos-
tic indicators for obese T2DM patients after laparoscopic 
bariatric surgery

ENCORI

ENSG00000149084 HSD17B12 protein_coding MIMAT0001532 hsa-miR-448 miR-448 and its target gene SIRT1 can serve as prognos-
tic indicators for obese T2DM patients after laparoscopic 
bariatric surgery

ENCORI

ENSG00000153071 DAB2 protein_coding MIMAT0001532 hsa-miR-448 miR-448 and its target gene SIRT1 can serve as prognos-
tic indicators for obese T2DM patients after laparoscopic 
bariatric surgery

ENCORI

ENSG00000153317 ASAP1 protein_coding MIMAT0001532 hsa-miR-448 miR-448 and its target gene SIRT1 can serve as prognos-
tic indicators for obese T2DM patients after laparoscopic 
bariatric surgery

ENCORI

ENSG00000168175 MAPK1IP1L protein_coding MIMAT0001532 hsa-miR-448 miR-448 and its target gene SIRT1 can serve as prognos-
tic indicators for obese T2DM patients after laparoscopic 
bariatric surgery

ENCORI

ENSG00000185963 BICD2 protein_coding MIMAT0001532 hsa-miR-448 miR-448 and its target gene SIRT1 can serve as prognos-
tic indicators for obese T2DM patients after laparoscopic 
bariatric surgery

ENCORI

ENSG00000205542 TMSB4X protein_coding MIMAT0001532 hsa-miR-448 miR-448 and its target gene SIRT1 can serve as prognos-
tic indicators for obese T2DM patients after laparoscopic 
bariatric surgery

ENCORI
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ENSG00000011454 RABGAP1 protein_coding MIMAT0002809 hsa-miR-146b-5p causing lipoapoptosis of pancreatic islet cells, resulting in 
insulin deficiency and  increased miR-146b-5p was associ-
ated with FABP4 and decreased glucose metabolism and 
FA mobilization

ENCORI

ENSG00000022267 FHL1 protein_coding MIMAT0002809 hsa-miR-146b-5p causing lipoapoptosis of pancreatic islet cells, resulting in 
insulin deficiency and  increased miR-146b-5p was associ-
ated with FABP4 and decreased glucose metabolism and 
FA mobilization

ENCORI

ENSG00000025800 KPNA6 protein_coding MIMAT0002809 hsa-miR-146b-5p causing lipoapoptosis of pancreatic islet cells, resulting in 
insulin deficiency and  increased miR-146b-5p was associ-
ated with FABP4 and decreased glucose metabolism and 
FA mobilization

ENCORI

ENSG00000239672 NME1 protein_coding MIMAT0002809 hsa-miR-146b-5p causing lipoapoptosis of pancreatic islet cells, resulting in 
insulin deficiency and  increased miR-146b-5p was associ-
ated with FABP4 and decreased glucose metabolism and 
FA mobilization

ENCORI

ENSG00000001631 KRIT1 protein_coding MIMAT0005793 hsa-miR-320c regulates the adipoR1-mediated amelioration of type 2 
diabetes in Duodenal-jejunal bypass

ENCORI

ENSG00000026025 VIM protein_coding MIMAT0005793 hsa-miR-320c regulates the adipoR1-mediated amelioration of type 3 
diabetes in Duodenal-jejunal bypass

ENCORI

ENSG00000035687 ADSS protein_coding MIMAT0005793 hsa-miR-320c regulates the adipoR1-mediated amelioration of type 4 
diabetes in Duodenal-jejunal bypass

ENCORI

ENSG00000085224 ATRX protein_coding MIMAT0005793 hsa-miR-320c regulates the adipoR1-mediated amelioration of type 5 
diabetes in Duodenal-jejunal bypass

ENCORI

ENSG00000087086 FTL protein_coding MIMAT0005793 hsa-miR-320c regulates the adipoR1-mediated amelioration of type 6 
diabetes in Duodenal-jejunal bypass

ENCORI

ENSG00000093000 NUP50 protein_coding MIMAT0005793 hsa-miR-320c regulates the adipoR1-mediated amelioration of type 7 
diabetes in Duodenal-jejunal bypass

ENCORI

ENSG00000095787 WAC protein_coding MIMAT0005793 hsa-miR-320c regulates the adipoR1-mediated amelioration of type 8 
diabetes in Duodenal-jejunal bypass

ENCORI

ENSG00000114353 GNAI2 protein_coding MIMAT0005793 hsa-miR-320c regulates the adipoR1-mediated amelioration of type 9 
diabetes in Duodenal-jejunal bypass

ENCORI

ENSG00000117143 UAP1 protein_coding MIMAT0005793 hsa-miR-320c regulates the adipoR1-mediated amelioration of type 10 
diabetes in Duodenal-jejunal bypass

ENCORI

ENSG00000130770 ATP5IF1 protein_coding MIMAT0005793 hsa-miR-320c regulates the adipoR1-mediated amelioration of type 11 
diabetes in Duodenal-jejunal bypass

ENCORI

ENSG00000135297 MTO1 protein_coding MIMAT0005793 hsa-miR-320c regulates the adipoR1-mediated amelioration of type 12 
diabetes in Duodenal-jejunal bypass

ENCORI

ENSG00000140836 ZFHX3 protein_coding MIMAT0005793 hsa-miR-320c regulates the adipoR1-mediated amelioration of type 13 
diabetes in Duodenal-jejunal bypass

ENCORI
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ENSG00000141985 SH3GL1 protein_coding MIMAT0005793 hsa-miR-320c regulates the adipoR1-mediated amelioration of type 14 
diabetes in Duodenal-jejunal bypass

ENCORI

ENSG00000143761 ARF1 protein_coding MIMAT0005793 hsa-miR-320c regulates the adipoR1-mediated amelioration of type 15 
diabetes in Duodenal-jejunal bypass

ENCORI

ENSG00000150961 SEC24D protein_coding MIMAT0005793 hsa-miR-320c regulates the adipoR1-mediated amelioration of type 16 
diabetes in Duodenal-jejunal bypass

ENCORI

ENSG00000156875 MFSD14A protein_coding MIMAT0005793 hsa-miR-320c regulates the adipoR1-mediated amelioration of type 17 
diabetes in Duodenal-jejunal bypass

ENCORI

ENSG00000166548 TK2 protein_coding MIMAT0005793 hsa-miR-320c regulates the adipoR1-mediated amelioration of type 18 
diabetes in Duodenal-jejunal bypass

ENCORI

ENSG00000166925 TSC22D4 protein_coding MIMAT0005793 hsa-miR-320c regulates the adipoR1-mediated amelioration of type 19 
diabetes in Duodenal-jejunal bypass

ENCORI

ENSG00000167460 TPM4 protein_coding MIMAT0005793 hsa-miR-320c regulates the adipoR1-mediated amelioration of type 20 
diabetes in Duodenal-jejunal bypass

ENCORI

ENSG00000169045 HNRNPH1 protein_coding MIMAT0005793 hsa-miR-320c regulates the adipoR1-mediated amelioration of type 21 
diabetes in Duodenal-jejunal bypass

ENCORI

ENSG00000172795 DCP2 protein_coding MIMAT0005793 hsa-miR-320c regulates the adipoR1-mediated amelioration of type 22 
diabetes in Duodenal-jejunal bypass

ENCORI

ENSG00000175348 TMEM9B protein_coding MIMAT0005793 hsa-miR-320c regulates the adipoR1-mediated amelioration of type 23 
diabetes in Duodenal-jejunal bypass

ENCORI

ENSG00000179010 MRFAP1 protein_coding MIMAT0005793 hsa-miR-320c regulates the adipoR1-mediated amelioration of type 24 
diabetes in Duodenal-jejunal bypass

ENCORI

ENSG00000185722 ANKFY1 protein_coding MIMAT0005793 hsa-miR-320c regulates the adipoR1-mediated amelioration of type 25 
diabetes in Duodenal-jejunal bypass

ENCORI

ENSG00000283761 AC118553.2 protein_coding MIMAT0005793 hsa-miR-320c regulates the adipoR1-mediated amelioration of type 26 
diabetes in Duodenal-jejunal bypass

ENCORI


