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DACH1, a novel target of miR-218, participates in the regulation of cell
viability, apoptosis, inflammatory response, and epithelial-mesenchymal
transition process in renal tubule cells treated by high-glucose
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ABSTRACT
Objective: This report was designed to assess the functional role of miR-218/dachshund family
transcription factor 1 (DACH1) in diabetic kidney disease (DKD) and investigate its possible
molecular mechanism.
Materials and Methods: From the GEO database, we downloaded different datasets for analyz-
ing the expression of miR-218 and DACH1 in DKD. TargetScan was adopted to predict the bind-
ing sites between miR-218 and DACH1, which was further verified by dual-luciferase reporter
assays. The renal proximal tubule cells (HK-2) treated with high glucose (HG) were used as an
in vitro model. QRT-PCR and western blot were used to determine the expression of DACH1 and
other relative factors. Cell counting kit-8 and flow cytometer were applied to detect cell viability
and apoptosis. The levels of inflammatory cytokines were determined by an ELISA assay.
Results: A prominent raise of miR-218 was observed in DKD through bioinformatics analysis,
which was further confirmed in the HG-induced model. DACH1 is a target of miR-218. miR-218
reduced cell viability and induced apoptosis by negatively regulating DACH1. Moreover, upregu-
lating miR-218 in HG models increased the concentrations of pro-inflammatory cytokines TNF-a
and IL-1b, reduced the level of anti-inflammatory cytokine IL-10, and promoted the epithelial-
mesenchymal transition (EMT) process, which is possibly achieved by targeting DACH1. While
downregulating miR-218 showed the opposite results.
Conclusion: These data demonstrated that, under an in vitro HG environment, miR-218 sup-
pressed the HK-2 cells proliferation, promoted apoptosis, caused an inflammatory response, and
facilitated the EMT process largely by targeting DACH1, providing an insight into the therapeutic
intervention of DKD.
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Introduction

Diabetes is a metabolic disease characterized by hyper-
glycemia and is a major risk factor for morbidity and
mortality worldwide [1]. The prevalence of diabetes in
China has increased dramatically in the last two deca-
des and has now reached epidemic proportions [2–4]. It
has been reported that approximately 30–40% of dia-
betes patients will develop diabetic kidney disease
(DKD) [5]. Due to a large number of patients with dia-
betes, the number of DKD patients is also relatively
high [6]. DKD is caused by the long-term effect of high
blood glucose on renal function, resulting in capillary
damage to the blood supply to the kidney [7]. Globally,
this condition is the leading cause of end-stage renal
disease [8].

The conventional treatments for DKD are control of
blood glucose and blood pressure levels by inhibiting
the renin-angiotensin system [9]. However, the clinical
effect is not satisfactory [10]. Advanced stage DKD is
characterized by many complications, such as poor
prognosis and a high medical resource investment, so
early diagnosis and early intervention may achieve a
better clinical prognosis [11,12]. For example, plasma
YKL-40 was reported to be a useful biotarget for early
DKD detection [13]. Thus, for prevention of the progres-
sion of DKD, full elucidation of the underlying mechan-
ism and identification of new effective diagnostic
markers are necessary.

MicroRNAs (miRNAs) are regulatory non-coding
RNAs with approximately 18–25 nucleotides in length
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and are highly abundant in living cells [14]. The mech-
anism of action of miRNA is mediated by binding target
mRNA to inhibit mRNA translation or degrade miRNA-
bound mRNA, thus inhibiting protein synthesis [15]. By
a literature review, it has also revealed that numerous
miRNAs are involved in the inflammation of DKD,
including miR-218 [16–19]. It is noted that overexpres-
sion of miR-218 can reduce renal injury in a streptozo-
tocin-induced rat model of DKD and can inhibit
inflammatory response in the high glucose (HG)
induced mouse podocytes by targeting mRNA encod-
ing IKK-b [20]. However, a recent study reported that
miR-218 is highly expressed in the renal proximal
tubules under HG conditions, and inhibiting miR-218
could alleviate renal tubular cell injury [21]. Moreover,
miR-218 was found to be upregulated in HG-treated
podocytes, which are essential components of the
glomerular filtration barrier [22]. These contradictory
results suggest that miR-218 undoubtedly plays a role
in the progression of DKD, but its effect on DKD need
to be further elucidated. In addition, since miRNA can
target different genes to perform its regulatory role
[23], the role of miR-218 in DKD and its potential
molecular mechanism still remain to be fully clarified.

The current study was designed to investigate the
role of miR-218 in HG-induced renal proximal tubule
cells injury and identifying its novel downstream gene,
as well as their influences on cell viability and apop-
tosis. We also explored whether miR-218 and its target
gene affect the inflammatory response and epithelial-
mesenchymal transition (EMT) process. The present
study may provide a new insight into the therapeutic
intervention of DKD.

Materials and methods

Bioinformatics analysis

Gene expression datasets used in present study were
retrieved from public online repository Gene Expression
Omnibus (GEO, http://www.ncbi.nlm.nih.gov/geo/)
database by the online interactive tool GEO2R (http://
www.ncbi.nlm.nih.gov/geo/geo2r/). MiRNA dataset
GSE114477 and mRNA dataset GSE30528 were used to
analyze the expression level of miR-218 and its down-
stream target gene, respectively. The target genes of
miR-218 were predicted by online prediction website
Targetscan (http://www.targetscan.org/vert_71/).

Cell cultivation and HG injury

Human renal proximal tubule (HK-2) cells were acquired
from the American Type Culture Collection (ATCC,

Rockville, IN). The HK-2 cells were incubated under a
5% CO2 atmosphere at 37 �C in Dulbecco’s modified
eagle medium (DMEM), which contains 10% fetal
bovine serum (FBS), streptomycin (100mg/mL) and
penicillin (100 units/mL, 1mL). When the cells reached
about 60% confluence rate, they were conducted to
serum-starvation for 12 h. For the HG condition, HK-2
cells were grown in a medium containing 30mmol/L
glucose, while the control cells were cultured in a
medium with 5.5mmol/L glucose.

Transfection

MiR-218 mimic/inhibitor were used to up-/down-regu-
late the expression of miR-218 and negative control
(NC) was used as control. Downregulation of dachs-
hund family transcription factor 1 (DACH1) was per-
formed by specific small interference RNA (si-RNA). The
targeting sequence for DACH1 (si-DACH1) is as follows:
50-CTGAGAATGTTTGTAAATGTACA-30. The sequence of
control (si-con) is 50-AGTCTACTTCATGATTGATCTTA-30.
Plasmid pcDNA3.1-DACH1 was used to over-express
DACH1 and pcDNA3.1 empty vector was considered as
control. All the plasmids and siRNAs were acquired
from the GeneChem Corporation (Shanghai, China).
Transfection was performed by Lipofectamine 3000
(Invitrogen, Shanghai, China) following the manufac-
turers’ instructions. Forty-eight hours later, the transfec-
tion efficiency was detected.

Quantitative RT-PCR

Total RNA was extracted by TRIzol reagent (Invitrogen,
Carlsbad, CA) according to the manufacturers’ instruc-
tions. To test miR-218 expression, total RNAs were
reverse transcribed to cDNA by the MiScript Reverse
Transcription kit (Qiagen, Hilden, Germany). The
MiScript SYBR-Green PCR kit (Qiagen, Hilden, Germany)
was used for detection of miRNA. Small nuclear RNA U6
was served as normalization control. To measure the
mRNA expression, the PrimeScript RT Reagent Kit
(Takara, Tokyo, Japan) was used for reverse transcrip-
tion. Relative expression was determined with SYBR
Premix Ex Taq II (TaKaRa, Tokyo, Japan) in an Applied
Biosystems 7500 System (Thermo Fisher Scientific,
Waltham, MA, USA). GAPDH was regarded as control.
Relative expression was computed with the compara-
tive quantification cycle (Cq) method (2�DDCq). Primer
sequences are as follows:

MiR�218 F : 50�TGTGCTTGATCTAACCATG�30;
MiR�218 R : 50�GAACATGTCTGCGTATCTC�30:
U6 F : 50�CCCCTGGATCTTATCAGGCTC�30;
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U6 R : 50�GCCATCTCCCCGGACAAAG�30:
DACH1 F : 50�TGGAGCAGACTCTGAAAACGGG�30;
DACH1 R : 50�GGTGGTTCATCTGGCTCATTGC�30:
GAPDH F : 50�CTGGGCTACACTGAGCACC�30;

GAPDH R : 50�AAGTGGTCGTTGAGGGCAATG�30:

Western blot

First, after transfection for 48 h, the cells were washed
with phosphate buffered saline (PBS) and lysed with
Radio Immunoprecipitation Assay (RIPA) lysis buffer
(Beyotime, Nantong, China). The concentration of pro-
tein was measured by a bicinchoninic acid protein assay
kit (Beyotime, Nantong, China). Equal amounts of
protein (20 lg) were added to the mini vertical electro-
phoresis tank and separated by sodium dodecyl sulfate-
polyacrylamide gel electrophoresis, then transferred
onto polyvinylidene fluoride (PVDF) membrane. After
blocking with skimmed milk powder for an hour, the
membranes were incubated with anti-DACH1 (1:1000,
#PA5-18909, Thermo Fisher Scientific), anti-E cadherin
(1:1000, AF1552, Beyotime), anti-N cadherin (1:1000,
AF0243, Beyotime), anti-Vimentin (1:1000, AF1975,
Beyotime) and rabbit anti-GAPDH (1:2500, #PA1-988,
Thermo Fisher Scientific) at 4 �C for 16 h followed by
the incubation with HRP-conjugated secondary anti-
bodies for 60min. Reactive bands were visualized by
the enhanced chemiluminescence detection system
(Thermo Fisher Scientific), and the gray values were
determined by the Quantity One software (Bio-Rad, CA).

Detection of cell viability

For preparation of cell suspension, the normally cul-
tured cells were digest firstly. Then cells (1� 103 cells/
well) were seeded into 96-well plates and cultured at
37 �C. At 0, 24, 48 and 72 h, 10lL of cell counting kit 8
(CCK-8, Beyotime) solution was added into each well.
After incubation for another 1.5 h at 37 �C, the absorb-
ance was measured by a microplate reader at 450 nm.

Detection of apoptosis

Apoptosis tests were conducted by an annexin V-fluor-
escein isothiocyanate (FITC) apoptosis detection kit
(Beijing 4 A Biotech, Beijing, China) following the manu-
facturers’ instructions. After transfection for 48 h, HK-2
cells were harvested, washed with PBS, and resus-
pended in 1�binding buffer at a final density of
1� 105 to 1� 106/mL. Next, 5 lL annexin V-FITC and
10 lL propidium iodide (PI) was added to 100lL cell re-

suspensions. By an incubation in the dark for 5min, the
cells were analyzed with a flow cytometer (FACSCalibur,
Becton Dickinson, San Jose, CA).

Dual-luciferase reporter assay

The binding sites between miR-218 and DACH1 30-UTR
were predicted by the bioinformatic analytic tool
TargetScan. The HK-2 cells were plated into 24-well
plates and grown to 80% confluence. Then wide-type
(WT) and mutant-type (MUT) DACH1 30-UTR were
cloned into pMIR-RB-REPORTER vectors (Invitrogen).
Next, vectors and miR-218 mimic/inhibitor or NC were
co-transfected into HK-2 cells. Finally, the luciferase
activities were tested by the Dual-Luciferase Reporter
Assay system (Promega, Madison, WI).

Enzyme linked immunosorbent assay (ELISA)

The concentrations of inflammatory cytokines were
determined by ELISA. After transfection for 48 h, the
cells were centrifuged at 1000 � g for 20min and the
supernatants were collected for next analysis. The cor-
responding optic density (OD) values of IL-1b, TNF-a
and IL-10 in supernatants were measured using IL-1b,
TNF-a and IL-10 ELISA kit (Beyotime, Nantong, China) at
450 nm by a microplate reader according to the manu-
facturer’s instructions.

Statistical analysis

SPSS 22.0 (IBM, Armonk, NY) and GraphPad Prism 6.0
(GraphPad Software, San Diego, CA) were utilized to
analyze the data. The difference of double-group was
analyzed by Student’s t-test, and the multiple-group
was analyzed by One-way analysis of variance (ANOVA)
followed by post hoc test. p< 0.05 was considered stat-
istically significant. All experiments were repeated 3
times independently. Data were presented as mean-
± standard deviation (SD).

Results

MiR-218 is up-expressed in HG-injured HK-2 cells
and affects cell viability

At first, we detected the expressiond of miR-218 using
the dataset GSE114477 and found a dramatically higher
level of miR-218 in DKD tissues compared to healthy
normal control (p< 0.05, Figure 1(a)). To further validate
this result, we measured miR-218 expression by qRT-
PCR in human HK-2 cells induced with HG in vitro.
Result shown in Figure 1(b) demonstrated that miR-218
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was notably upregulated in HK-2 cells under HG condi-
tion, which is consistent with the result of bioinformat-
ics analysis (p< 0.01).

To identify the role of miR-218 in the proliferation of
HK-2 cells after HG treatment, CCK-8 assay was imple-
mented. At 48h and 72h points, we observed that after
HG treatment, the proliferation of cells was remarkably
decreased (p< 0.01, Figure 1(c)). With comparison to HG
group or HGþmiR-218 NC group, a significant decrease
was shown in HGþmiR-218 mimic group (p< 0.05,
Figure 1(c)). While the cell viability was raised by
transfection of miR-218 inhibitor when compared with
miR-218 inhibitor NC treatment or non-treatment in HG-
damaged cells (p< 0.01, Figure 1(c)). In a word, these
results demonstrate that upregulation of miR-218 can
inhibit the growth of HK-2 cells under HG conditions.

DACH1 is a direct target of miR-218

By the online TargetScan website, we obtained 1102
downstream genes of miR-218. Moreover, we identified
129 downregulated elements in DKD from GSE30528

dataset. By taking the intersection of the downstream
genes and the down-regulated genes, 10 common
genes (MAGI2, DPP6, PRKAR2B, CTGF, THSD7A, MME,
GJA1, C1orf21, SEMA5A, and DACH1) were identified as
the targets of miR-218. Since DACH1 was reported to
be down-regulated in patients suffering from DKD com-
pared with controls by immunohistochemistry of
human kidneys [24], we selected DACH1 as the research
object. The binding site between miR-218 and DACH1
was presented in Figure 2(a). Then the dual-luciferase
reporter analysis confirmed this binding with the
decrease of luciferase activity within miR-218
mimicþDACH1WT group and the increase of luciferase
activity within miR-218 inhibitorþDACH1WT group
(p< 0.01, Figure 2(b)). While no significant change of
the luciferase activity was observed when cotransfec-
tion of miR-218 mimic or inhibitor and DACH1 MUT,
(p> 0.01, Figure 2(b)). Subsequently, in order to identify
the expression of DACH1 in DKD, we downloaded the
mRNA dataset GSE30528 from GEO database and
observed that DACH1 was significantly downregulated
in DKD tissues in comparison with control (p< 0.01,

Figure 1. Expression of miR-218 and its effect on cells proliferation after HG treatment. (a) Relative expression of miR-218 in
DKD tissues and control based on GSE114477 dataset from public database. (b) Relative expression of miR-218 in human renal
proximal tubule (HK-2) cells after HG treatment. ��p< 0.01 vs. Con or NC. (c) CCK8 assays were used to detect the cells prolifer-
ation after HG-damaged with transfection of miR-218 mimic/inhibitor or NC. ��p< 0.01. DKD: diabetic kidney disease; HG: high
glucose; NC: negative control; Con: control.
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Figure 2(c)). The next in-vitro experiments was also indi-
cated that the mRNA expression of DACH1 was notably
down-expressed under HG conditions compared to
control (p< 0.05, Figure 2(d)). In view of the target rela-
tionship between miR-218 and DACH1, we then
detected the effect of altering miR-218 on the changes
of DACH1 expression. QRT-PCR and western blot illus-
trated that the mRNA and protein levels of DACH1

were all reduced in HK-2 cells transfected with miR-218
mimic compared to control, while cotransfection of
miR-218 mimic and pcDNA3.1-DACH1 retrieved the
DACH1 expression (p< 0.01, Figure 2(e,g)). Inversely,
depletion of miR-218, the DACH1 levels were showed a
nearly 2-fold increase compared to control (p< 0.01,
Figure 2(f,h)). While, cotransfection of miR-218 and si-
DACH1, the levels of DACH1 were significantly reduced

Figure 2. DACH1 was a direct target of miR-218. (a) The website Targetscan was used to predict the binding sites between miR-
218 and the 30-UTR region of DACH1. (b) A luciferase reporter assay was used to determine the luciferase activities in different
groups. (c) Expression of DACH1 in tissues was analyzed by bioinformatics tools in GSE30528 dataset. (d) Expression of DACH1
under HG conditions. QRT-PCR (e, f) and western blot (g, h) were adopted to detect the mRNA and protein levels of DACH1 in
different groups in HEK-2 cells. ��p< 0.01. NC: negative control; WT: wide type; MUT: mutant type; DKD: diabetic kidney disease;
HG: high glucose; Con: control.
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when compared with miR-218 inhibitor group (p< 0.01,
Figure 2(f,h)). In summary, we provide sufficient eviden-
ces to illustrate that DACH1 is a direct target of miR-218
and negatively mediated by miR-218.

MiR-218/DACH1 affects cell viability and apoptosis
in HG-treated models

Since our previous findings illustrated that miR-218
plays an inhibitory role on the HG-treated cells viability,
we wondered whether DACH1 was related to miR-218-
mediated cell viability after HG treatment, and a
rescue CCK-8 assay was performed. Results shown in
Figure 3(a) revealed that, at 48 h and 72 h points,
cotransfection with miR-218 mimic and pcDNA3.1-
DACH1 in HG-treated cells led to a significant raise of

the OD value compared with HGþmiR-218 mimic
group (p< 0.05, Figure 3(a)). While both depletion of
miR-218 and DACH1 in HG-damaged cells, the OD val-
ues were notably lower than that in HGþmiR-218
inhibitor group (p< 0.01, Figure 3(a)). All these
observations highlight that DACH1 can attenuate the
suppressive effect of miR-218 on cell proliferation in
HG-damaged renal tubule cells.

To evaluate the role of miR-218/DACH1 on the
apoptosis of HK-2 cells in HG environment, flow
cytometry apoptosis assay was performed. As shown
in Figure 3(b,c), HK-2 cells exhibited a significant
higher apoptotic percentage under HG conditions
(22.77 ± 1.11) when compared with normal non-
treatment group (9.33 ± 0.78, p< 0.01). In HG-treated
cells, the apoptotic percentage was significantly

Figure 3. miR-218 affected renal cell viability and apoptosis by targeting DACH1. (a) CCK-8 assays were emplyed to determine
the cells proliferation in different groups. (b) Cell apoptosis was evaluated by flow cytometry analysis in different groups. (c) Cell
apoptosis was quantified. ��p< 0.01. HG: high glucose; Con: control.
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elevated in miR-218 mimic-transfected cells (37.8 ± 2.25,
p< 0.01). Importantly, when transfected with both miR-
218 mimic and pcDNA3.1-DACH1 in HG models, the
effect of miR-218 mimic on apoptosis was largely
reversed (22.93 ± 2.32, p< 0.01). On the contrary, under
HG conditions, transfection with miR-218 inhibitor
induced a notable decline of the apoptosis
(14.37 ± 2.56, p< 0.01). Noticeably, both depletion of
miR-218 and DACH1, the apoptotic percentage was dra-
matically enhanced (25.97 ± 2.3, p< 0.01). These data
suggest that upregulation of DACH1 significantly lessen
the promoting effect of miR-218 on the apoptosis of
HG model. All these findings hinted that miR-218
affects cells proliferation and apoptosis in HG-induced
renal cells might by negatively regulating DACH1.

MiR-218 increases HG-induced inflammation by
regulating DACH1

During the progression of DKD, the release of critical
inflammatory cytokines from macrophages was consid-
ered to be pivotal [25]. To further assess the effects of
miR-218/DACH1 on HG-induced inflammatory response,
the levels of pro-inflammation cytokines TNF-a and IL-
1b and the anti-inflammation cytokine IL-10 were eval-
uated by ELISA. As presented in Figure 4, the levels of
TNF-a and IL-1b (p< 0.01) were significantly higher
under HG conditions than that in control, and these
increases were notably enhanced by transfection with
miR-218 mimic under HG conditions (p< 0.01, Figure
4(a,b)). Noticeably, both upregulation of miR-218 and
DACH1, the concentration of TNF-a and IL-1b were
reversed compared with HGþmiR-218 mimic group
(p< 0.01, Figure 4(a,b)). On the contrary, under HG con-
ditions, downregulation of miR-218 reduced the con-
centration of TNF-a and IL-1b (p< 0.01, Figure 4(a,b)).
Consistently, adding si-DACH1 in miR-218 inhibitor
group, the concentrations of TNF-a and IL-1b were not-
ably increased (p< 0.01, Figure 4(a,b)). For the concen-
tration of IL-10, HG-treated groups presented a
significant reduce compared to control (p< 0.01, Figure
4(c)). Under HG-treated conditions, transfection of miR-
218 mimic notably decreased the concentration of IL-
10, whereas cotransfection of miR-218 and pcDNA3.1-
DACH1 can rescue the decline (p< 0.01, Figure 4(c)).
Conversely, the levels of IL-10 were enhanced in miR-
218 inhibitorþHG group compared with HG group and
rescued by si-DACH1 (p< 0.01, Figure 4(c)). These
results mentioned-above demonstrate that miR-218/
DACH1 serves a vital functional role on the inflamma-
tory response in renal cells stimulated by HG.

Figure 4. miR-218/DACH1 axis affected inflammatory
response. MiR-218/DACH1 axis regulated the concentration
of pro-inflammatory cytokines TNF-a (a) and IL-1b (b) and
anti-inflammatory cytokine IL-10 in HG-treated renal cells. The
levels of inflammatory cytokines in different groups were
measured by ELISA assay. ��p< 0.01. HG: high glucose;
Con: control.
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MiR-218 promotes EMT process in HG-induced
cells by regulating DACH1

EMT is an important and useful therapy target in treat-
ing kidney disease [26]. To evaluate the role of miR-
218/DACH1 on EMT process, western blot assay was
performed. Results shown in Figure 5(a,b) demon-
strated that HG treatment significantly promoted the
EMT process with reduced protein level of E-cadherin
and raised levels of N-cadherin and Vimentin (p< 0.01).
Under HG conditions, transfection with miR-218 inhibi-
tor obviously enhanced the level of E-cadherin, while
decreased the levels of N-cadherin and Vimentin, while
cotransfection with si-DACH1, the expression of EMT
relative markers was recovered (p< 0.01, Figure 5(a)).
On the other hand, the expression of E-cadherin was
significantly downregulated while N-cadherin and
Vimentin expression levels were dramatically upregu-
lated after transfection with miR-218 mimic under HG
conditions (p< 0.01, Figure 5(b)). Noticeably, adding
pcDNA3.1-DACH1 in miR-218 mimicþHG group, we
observed that the EMT process was reversed, with ele-
vated the level of E-cadherin and declined levels of N-
cadherin and Vimentin (p< 0.01, Figure 5(b)). All these
observations demonstrate that miR-218 could promote
the EMT process in HG-damaged renal cells by regulat-
ing DACH1.

Discussion

DKD is a progressive microvascular complication caused
by diabetes and is a common disease [27]. In DKD, the

glomeruli, tubules, blood vessels, and interstitium are
destroyed, impinging on kidney function and leading
to the end-stage renal disease [28]. Current pharmaco-
logical treatments for DKD patients cannot prevent the
inevitable progression to end-stage renal diseases.
Therefore, new therapeutic targets are urgently needed.
In our work, we evaluated the role of miR-218 in DKD
and its potential molecular mechanism, as well as its
effects on the inflammation and EMT, and demon-
strated that miR-218 suppresses the renal tubule cells
viability, induced apoptosis under HG conditions by
regulating DACH1, affording a considerable biomarker
for the therapeutic intervention of DKD.

Increasing attention has been paid to the role of
miRNAs in the physiological mechanisms and thera-
peutic interventions in DKD. Numerous studies have
generated new insights into the complex mechanism of
DKD [29]. Several miRNAs have been reported to be
linked to the progression of DKD. A comprehensive lit-
erature review showed that miR-124 [30], miR-215 [31],
miR-192 [32], miR-21 [33], etc. were upregulated and
promoted the development of DKD, while others such
as miR-25 [34], miR-29 [35], miR-451 [36], etc. were
found to be downregulated and exhibited renal pro-
tective effects in DKD. Interestingly, different results
were found for miR-218 in DKD. A recent study
reported that miR-218 was highly expressed in the renal
proximal tubules under HG conditions and that a miR-
218 inhibitor could facilitate cell vitality while reducing
apoptosis [21]. Another study similarly concluded that
miR-218 is highly regulated in HG-damaged podocytes,

Figure 5. miR-218/DACH1 axis affected the EMT process. (a) Following treatment with miR-218 inhibitor/si-DACH1, the protein
expression of EMT-related markers was determined by western blot. (b) Following treatment with miR-218 mimic/pcDNA3.1-
DACH1, the protein expression of EMT-related markers was determined by western blot. Con: control; HG: high glucose; EMT: epi-
thelial-mesenchymal transition.
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which are important components of the glomerular fil-
tration barrier of DKD [22]. Consistent with the above
findings, we also observed that miR-218 was upregu-
lated in DKD and could reduce cell viability in HG-
treated renal tubule cells, which indicated that deple-
tion of miR-218 may protect cells from injury during the
development of DKD. However, Li et al., using a rat
streptozotocin-induced model of DKD and in vitro HG-
stimulated mouse podocytes, demonstrated that miR-
218 was markedly downregulated in both model sys-
tems relative to appropriate controls [19]. We hypothe-
sized that many factors, such as different inducers, and
animal or human cells, contributed to this phenom-
enon. Nevertheless, these results suggest that the role
of miR-218 still needs to be explored in depth. Then,
we evaluated its possible molecular mechanism and
found that DACH1 is one of the downstream targets of
miR-218.

DACH1 is a key determinating factor of the cell fate
[37]. It was found that DACH1 is correlated with glom-
erular filtration rate and chronic kidney disease [38].
Except for its crucial repressive role in tumorigenesis
[37,39,40], DACH1 is also found to be a participator in
DKD. A notable reduction of DACH1 was observed in
glomeruli of biopsies in DKD patients [24]. Besides, bio-
informatics analysis showed that DACH1 is correlated
with the cardiovascular disease, prediabetes, and
young-onset type 2 diabetes [41]. In the present study,
we observed that miR-218 directly interacted to the 30-
UTR of DACH1 and negatively regulated DACH1 expres-
sion. Importantly, DACH1 can reverse the suppressive
role of miR-218 on cells proliferation and the promoting
effects on apoptosis of HG-induced cells. As we know,
multiple mRNAs are predicted as the downstream tar-
gets of miR-218. Besides DACH1, another 9 genes were
also predicted as the targets of miR-218. We believe
that some of these 9 genes may play important roles in
DKD, which need to be further explored.

During the past decade, the important role of inflam-
mation in DKD has been recognized. The metabolic,
biochemical, and hemodynamic abnormalities in DKD
may all lead to a local chronic inflammation [42,43].
Biological function experiments revealed that inflamma-
tory factors TNF-a and IL-1b were up-expressed in renal
proximal tubule under high-glucose conditions [21].
Besides, overexpression of miR-218 can notably
dampen inflammatory responses in the HG-treated
mouse podocytes [20], demonstrating a potential effect
of miR-218 on the inflammation. Therefore, we further
assessed the effect of miR-218/DACH1 in HG-induced
inflammation in renal tubule cells. Overexpressing miR-
218, the concentration of pro-inflammatory cytokines

TNF-a and IL-1b were dramatically raised, accompanied
with a decrease of anti-inflammation cytokine IL-10,
illustrating an important function of miR-218 on HG-
treated renal tubule cells. Additionally, DACH1 reversed
the miR-218-mediated inflammation. On the other
hand, by loss-of-function experiments, we obtained the
corresponding opposite changes of inflammatory cyto-
kines. Taken together, these detections told that miR-
218 could stimulate inflammatory responses of renal
tubule cells after HG treatment by targeting DACH1.
However, the mechanism involved in miR-218/DACH1
effect on the inflammation is still unclear, which needs
to be further explored.

EMT is a tightly regulated process by which epithelial
cells lose their hallmark epithelial characteristics and
gain the features of mesenchymal cells [44]. The main
pathological change of DKD in the end stage is the
appearance of renal interstitial fibrosis [45]. It is gener-
ally recognized that through EMT, the renal epithelial
cells can be transformed into myofibroblasts, which are
the main source of extracellular matrix in the kidney,
thus participating in the process of DKD renal interstitial
fibrosis [46,47]. This transdifferentiation process is corre-
lated with a reduction in the expression of the epithelial
marker, E-cadherin, and an increase in the expression of
mesenchymal markers, such as N-cadherin and
Vimentin [48,49]. Therefore, taking EMT as the target is
of great significance to delay the process of DKD. A pre-
vious study showed that glucose enhanced renal EMT
with blocking E-cadherin expression and increasing
Vimentin expression [50]. However, it is still unknown
the effect of miR-218/DACH1 axis on the EMT process.
By western blot analysis, we found that miR-218 could
reduce the expression of E-cadherin, while elevate the
expression of N-cadherin and Vimentin in renal tubule
cells under HG conditions. Importantly, DACH1 can
reverse the promoting effect of miR-218 on EMT. So, we
infer that miR-218 promotes EMT in HG-damaged renal
cells by regulating DACH1.

In conclusion, we illustrated that miR-218 promoted
the progression of DKD by directly targeting DACH1,
and miR-218/DACH1 is an important component that
involved in HG-induced inflammatory responses and
EMT process in DKD. These observations afford new
insights into the role of miR-218/DACH1 axis on the
DKD and hint that miR-218/DACH1 axis might be a use-
ful therapeutic intervention for DKD. However, two limi-
tations need to be considered. First, we did not collect
clinical samples to establish our own database, which
limited our analysis of the expression correlation
between DACH1 and miR-218 in DKD tissues. Second,
this research only included in vitro model systems. Our
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future investigations will pursue these observations in
in vivo model systems. Despite these limitations, this
study provides the foundation for further elucidating
the molecular mechanism of miR-218 in diabetic kid-
ney disease.
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