
ORIGINAL ARTICLES

Pharmazie 72 (2017) 265

Department of Nephrology1, Qianfoshan Hospital Affiliated to Shandong University, Jinan; Department of Clinical Medicine2, 
Department of Nursing3, Shandong Medical College; Department of Nephrology4, Linyi People’s Hospital Affiliated to 
Shandong University, Linyi, China

Enhanced inflammatory damage by microRNA-136 targeting Klotho 

expression in HK-2 cells by modulating JAK/STAT pathway

HAIJUN LIU1, 2, XIUHUA XIE3, XIUQIN YANG4, YANGUO LI4, YING WANG4, DONGMEI XU1, *

Received December 22, 2106, accepted January 27, 2017

*Corresponding author: Dongmei Xu, Department of Nephrology, Qianfoshan Hospital Affiliated to Shandong 
University, No. 16766, Jingshi Road, Jinan 250014, China.
xudongmei741@126.com

Pharmazie 72:265–271 (2017) doi: 10.1691/ph.2017.6990

MiR-136 acts as a tumor suppressor by promoting cell apoptosis and downregulating Bcl-2 in glioma cells. 
Hence, an attempt has been made to evaluate the role of miR-136 in regulation of inflammatory damage in HK-2 
cells. HK-2 cells were cultured and assessed for viability. The cells were then transfected with miR-136 mimic, 
si- miR-136, si-Klotho, and NC. Dual luciferase test was performed to confirm the target of miR-136 which was 
assumed to be Klotho. Cell viability, apoptosis, expressions of inflammatory cytokines like TNF-α, IL-1β, IL-6 
and IL-8 were assessed in HK-2 cells with overexpressing miR-136 or with knocked down miR-136 activities, 
following exposure to LPS. LPS induced inflammatory damage decreased cell viability, induced cell apoptosis, 
and increased the expression of different inflammatory cytokines. It was found that LPS decreased the expres-
sion of miR-136. Over-expression of miR-136 inhibited cell viability, enhanced apoptosis, and increased expres-
sion of inflammatory cytokines while knockdown of miR-136 showed opposite results with p-values < 0.05. 
MiR-136 negatively regulated the expression of Klotho with p-value < 0.05. Over-expression of miR-136 inhibited 
the expression of Klotho and activated JAK/STAT and mTOR signaling pathways and vice versa. Hence, it can 
be concluded that miR-136 enhances inflammatory damage probably by targeting klotho as has been observed 
in luciferase assay by inactivation of JAK/STAT and mTOR signaling pathways.

1. Introduction
Chronic kidney disease (CKD), one of the widespread global 
health conditions, has affected more than 20 million people in 
the United States alone (2010). Despite considerable progress in 
laboratory-based and epidemiological research, the underlying risk 
factors, and pathophysiologic pathways involved in CKD progres-
sion is yet to established. A better understanding of CKD and 
outcomes associated with it may be achieved by elucidating the 
genetic contributions to the processes responsible for progressive 
renal injury ultimately leading to end-stage renal disease (Bowden 
2003). Kidneys play a pivotal role in various basic physiological 
functions including blood pressure control, salt and water homeo-
stasis, blood cell production, acid-base balance, and calcium 
homeostasis. Hence, any kind of renal dysfunction can result from 
or lead to a variety of pathologies. As per the National Center for 
Health Statistics, more than 3.9 million adults have been diagnosed 
with kidney disease in the United States, a number that amounts to 
approximately 2% of the adult population (Schiller et al. 2012). 
Mortality due to renal diseases is eighth leading cause of death 
and hypertensive renal disease is not far behind so as to rank it 
the 13th most abundant cause of mortality (Murphy et al. 2012). 
Renal diseases are classified as acute or chronic, depending upon 
the onset of the disease. 

Acute kidney disease is usually associated with bacterial infec-
tion, sepsis or ischemia-reperfusion injury, whereas chronic 
kidney disease (CKD) is usually the result of diabetic compli-
cations, hypertension, obesity, and autoimmunity. The factors 
that promote renal disease can be quite different; however, acute 
kidney disease can lead to chronic kidney disease, and, if left 
untreated, both can lead to end-stage renal disease (ESRD). 
Equally important factors are presence of inflammation and 
immune system, common manifestations for both  acute and 
chronic kidney diseases. Cytokines and inflammatory mediators 
such as TNF-α and ILs have been shown to influence sodium 
excretion, renal blood flow, and GFR (Harris and Neilson 2006; 
Noronha et al. 2002). In a report, TNF-α decreased renal blood 
flow and GFR and has been shown to induce natriuresis in mice 
(Shahid et al. 2008). The reduction in renal blood flow was found 
to be consistent with a study conducted in rabbits (Girardin et 
al. 1994). In a number of studies, IL-1 and IL-6 were demon-
strated to dilate skeletal muscle arterioles, basilar arteries, and 
coronary arteries (Kenny et al. 1990; Minghini et al. 1998; Osuka 
et al. 1997). IL-1 increased sodium excretion, but somehow the 
response was not associated with increased renal blood flow or 
GFR (Cannon 1988; Kohan et al. 1989). Thus, IL-1 was found 
to dilate peripheral arteries but not renal arterioles and increase 
sodium excretion by directly acting on renal epithelial cells. 
The aforementioned studies demonstrated that cytokines and 
inflammatory mediators can alter renal blood flow and GFR. A 
kidney protein, Klotho (α-Klotho), is linked to ageing, phosphate 
metabolism, and inflammation. Klotho deficiency is associated 
with premature ageing in mice (Kuro-O et al. 1997). It is a single-
pass transmembrane protein of 135 kDa, which downregulates 
inflammation (Hu et al. 2012).

Abbreviations:

mTOR- Mammalian target of rapamycin; LPS- Lipopoly-
saccharide; JAK/STAT- Janus kinase/ Signal Transducer and 
Activator of Transcription; GFR- Glomerular filtration rate; 
qRT-PCR- Quantitative  real time-polymerase chain reaction
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MicroRNA is a class of small non-coding RNA approximately 
20-22 nucleotides in length and plays an important role in regu-
lating gene expression by directly binding to the 3’ UTR of target 
mRNAs (Bartel 2004). The microRNAs bind to the 3’ untranslated 
region (UTR) of mRNA, thereby leading to inhibition of transla-
tion of mRNA and finally facilitating its degradation. A review by 
He et al. (2004), reviewed that there are a number of studies where 
miRNAs play pivotal roles in diverse biological processes (He 
and Hannon 2004). MiR-136 is considered as a tumor suppressor 
because literature survey reveals that it promotes cell apoptosis by 
downregulating Bcl-2 in glioma cells. Hence, an attempt has been 
made in this study to evaluate the role of miR-136 in the regulation 
of inflammatory damage in HK-2 cells along with exploration of 
the possible underlying mechanisms.

2. Investigations and results 

2.1. Effect of LPS-induced infl ammatory damage in 
HK-2 cells on cell viability and cell apoptosis
Cell viability of LPS-induced inflammatory damaged HK-2 cells 
decreased significantly in a dose-dependent manner. It was found 
to be less than 50%, approximately 50% and almost 100% at 10 
μg/ml, 5 μg/ml, and 1 μg/ml of LPS when compared to the control 
cells where cell viability was 100% (p-value< 0.05) (Fig.  1a). 
The findings for cell viability correlated well with apoptosis 
which increased significantly in a dose-dependent manner with 
increasing concentration of LPS when compared with the control 
cells with p-values < 0.05 (Fig. 1b). Furthermore, expression of 
inflammatory cytokines like TNF-α, IL-1β, IL-6, and IL-8 when 

Fig. 1:  LPS induced inflammatory damage in HK-2 cells. *, p<0.05 
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assessed by ELISA, revealed a significant increase in LPS chal-
lenged HK-cells compared to their expression in control cells 
(p-value< 0.05) (Fig. 1c-g).

2.2. Expression of miR-136 in LPS treated HK-2 cells 
There was a significant decrease in miR-136 expression in LPS 
challenged HK-2 cells compared to the control cells (p-value< 
0.05) (Fig. 2).

2.4. Effects of over-expression of miR-136
Over-expression of miR-136 inhibited cell viability, while knock-
down of miR-136 showed opposite results (Fig. 4a) (p-value< 
0.05). Similarly, over-expression of miR-136 enhanced cell 
apoptosis, while knockdown of miR-136 showed opposite results 
(Fig.  4b) (p-value< 0.05). Over-expression of miR-136 led to 
significant increase in expression of inflammatory cytokines, 
while knockdown of miR-136 showed opposite results (Fig. 4c-g) 
(p-value< 0.05).

2.5. MiR-136 targeted klotho gene
HK-2 cells transfected with miR-136 negatively regulated the 
expression of klotho mRNA (Fig 5a, b) (p-value< 0.05). This was 
further confirmed by luciferase assay where miR-136 binding 
elements down-regulated the expression of klotho promoter 
significantly compared to the expression of U6 (Fig 5c) (p-value< 
0.05 and p-value < 0.01).

2.6. Effects of knock-down of miR-136
Knockdown of miR-136 promoted cell viability by up-regula-
tion of klotho (Fig 6a) (p-value< 0.05). Similarly, knockdown 
of miR-136 inhibited cell apoptosis by up-regulation of klotho 
(Fig 6b) (p-value< 0.05 and p-value < 0.01). Hence, as expected 
knockdown of miR-136 decreased the expression of inflammatory 
factors by up-regulation of klotho (Fig 6c-g) (p-value< 0.01). 
Interestingly, it was also observed that a silenced klotho gene led 
to a significant decrease in cell viability (p-value < 0.05), increased 
cell apoptosis (p-value < 0.001) and an increase in pro-inflamma-
tory cytokine IL-1β, IL-6, IL-8 and TNF-α levels (p-values < 0.05 
and p-values < 0.001).

2.7. Effect of miR-136 on JAK/STAT and mTOR signal-
ing pathways
Over-expression of miR-136 inhibited the expression of klotho 
and activated JAK/STAT and mTOR signaling pathways, whereas 
knockdown of miR-136 promoted expression of Klotho and inacti-
vated JAK/STAT and mTOR signaling pathways (Fig 7). 

3. Discussion
In the present study, we explored the functional role of miR-136 
in renal tubular inflammatory injury, along with the probable 
underlying mechanism. The results showed that the expression 
of miR-136 was decreased in LPS-induced inflammatory injury 
in HK-2 cells, indicating that miR-136 might be involved in the 
regulation pathway. A similar observation was found in a study 
by Chen et al. (2014), where miR-136 was highly downregulated 
in LPS stimulated cord blood cells. It has also been observed in 
this study that over-expression of miR-136 led to an increase in 
pro-inflammatory cytokines assessed which included TNF-α, 
IL-1β, IL-6, and IL-8, thus suggesting that miR-136 might 
promote inflammation. Klotho is an anti-inflammatory modulator 
in kidney, depletion of which in a mouse model was shown to 
increase inflammation in a mouse model (Hamano 2015). In our 
study we also observed that HK-2 cells transfected with knocked-
down miR-136, decreased the expression of inflammatory factors 
which was again found to be associated with upregulation of the 
klotho gene, thereby alleviating inflammatory injury. 
Apart from the above findings, we also found that over-expres-
sion of miR-136 further aggravated the injury. Moreover, results 
from the dual luciferase assay showed that Klotho was a target 
of miR-136, and miR-136 negatively regulated the expression of 
Klotho. Results also demonstrated that miR-136 regulated cell 
inflammatory injury by downregulation of Klotho. The results of 
western blot showed that Klotho alleviated the LPS-induced injury 
by inactivation of the JAK/STAT and mTOR signaling pathways 
which contradicts the finding as reported by Hamano (2015), where 
klotho activated mTOR pathway (Zhao et al. 2011). Considering 
the aforementioned facts we can conclude that miR-136 enhances 

2.3. Expression of miR-136 after transfection
The expression of miR-136 was found to be either over-expressed 
(in miR-136 mimic group) or suppressed (in si-miR-136 group) in 
HK-2 cells relative to control or scramble cells (Fig. 3) (p-value< 
0.05).

Fig. 2:  LPS decreased the expression of miR-136. *, p<0.05

Fig. 3:  The expression of miR-136 was overexpressed or suppressed in miR-136-
mimic group and si-miR-136 group of HK-2 cells. *, p<0.05
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Fig. 4:  Effects of over-expression of miR-136 on cell viability, apoptosis, and inflammatory cytokines. *, p<0.05
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Fig. 5:  Klotho a target of miR-136 which down-regulates the expression. *, p<0.05

inflammatory damage probably by targeting klotho as has been 
observed in the luciferase assay by inactivation of JAK/STAT and 
mTOR signaling pathways. 

4. Experimental

4.1. Cell culture and treatment
HK-2 cells were obtained from Riken cell bank (Ibaraki, Japan). Cells were cultured 
in a culture medium; RPMI- 1,640 (Wako, Osaka, Japan) supplemented with 10% 
heat- inactivated fetal bovine serum (FBS), penicillin (final concentration, 100 U/
ml), and streptomycin (final concentration, 0.1 mg/ml), in a humidified atmosphere 
of 5% CO

2
 and 95% air at 37 °C. MH7A cells were treated by LPS in a series of 

concentration for 5 h.

4.2. CCK-8 assay
Cells were seeded in 96-well plate with 5000 cells/well, cell proliferation was assessed 
by a Cell Counting Kit-8 (CCK-8, Dojindo Molecular Technologies, Gaithersburg, 
MD). Briefly, after stimulation, the CCK-8 solution was added to the culture medium, 
and the cultures were incubated for 1 hour at 37 °C in humidified 95% air and 5% 
CO

2
. The absorbance was measured at 450 nm using a Microplate Reader (Bio-Rad, 

Hercules, CA).

4.3. Apoptosis assay
Flow cytometry analysis was performed to identify and quantify the apoptotic cells 
by using Annexin V-FITC/PI apoptosis detection kit (Beijing Biosea Biotechnology, 
Beijing, China). The PC-12 cells (100,000 cells/well) were seeded in a 6 well-plate. 
Treated cells were washed twice with cold PBS and resuspended in buffer. The 
adherent and floating cells were combined and treated according to the manufac-
turer’s instruction and measured with flow cytometer (Beckman Coulter, USA) to 
differentiate apoptotic cells (Annexin-V positive and PI-negative) from necrotic cells 
(Annexin-V and PI-positive).

4.4. ELISA 
Culture supernatant was collected from 24-well plates and concentrations of inflam-
matory cytokines measured by enzyme-linked immunosorbent assay (ELISA) using 
protocols supplied by the manufacturer (R&D Systems, Abingdon, UK) and normal-
ized to cell protein concentrations.

4.5. miRNAs transfection 
miR-136 mimic, si- miR-136 and si-Klotho, and the NC controls were synthesized by 
GenePharma Co. (Shanghai, China). Cell transfections were conducted using Lipo-
fectamine 3000 reagent (Invitrogen) following the manufacturer’s protocol.

4.6. Qualitatitive real time-PCR (qRT-PCR)
Total RNA was extracted from cells and tissues using Trizol reagent (Life Technolo-
gies Corporation, Carlsbad, CA, USA) according to the manufacturer’s instructions. 

The Taqman MicroRNA Reverse Transcription Kit and Taqman Universal Master 
Mix II with the TaqMan MicroRNA Assay of miR-136 and U6 (Applied Biosystems, 
Foster City, CA, USA) were used for testing the expression levels of miR-136 in cells.

4.7. Dual luciferase activity assay
The 3’UTR target site was generated by PCR and the luciferase reporter constructs 
with the klotho 3’UTR carrying a putative miR-136-binding site was transfected 
into pMiR-report vector were amplified by PCR. Cells were co-transfected with the 
reporter construct, control vector and miR-136 or scramble using Lipofectamine 3000 
(Life Technologies, USA). Reporter assays were done using the dual-luciferase assay 
system (Promega) following to the manufacturer’s information (Zhou et al. 2016).

4.8. Western Blot
The protein used for western blotting was extracted using RIA lysis buffer (Beyotime 
Biotechnology, Shanghai, China) supplemented with protease inhibitors (Roche, 
Guangzhou, China). The proteins were quantified using the BCA™ Protein Assay 
Kit (Pierce, Appleton, WI, USA). The western blot system was established using a 
Bio-Rad Bis-Tris Gel system according to the manufacturer’s instructions. GAPDH 
antibody was purchased from Sigma. Primary antibodies were prepared in 5% 
blocking buffer at a dilution of 1:1,000. Primary antibody was incubated with the 
membrane at 4 °C overnight, followed by washing and incubation with secondary 
antibody marked by horseradish peroxidase for 1 h at room temperature. After rinsing, 
the Polyvinylidene Difluoride (PVDF) membrane carried blots and antibodies were 
transferred into the Bio-Rad ChemiDoc™ XRS system, and then 200 μl Immobilon 
Western Chemiluminescent HRP Substrate (Millipore, MA, USA) was added to cover 
the membrane surface. The signals were captured and the intensity of the bands was 
quantified using Image Lab™ Software (Bio-Rad, Shanghai, China).

4.9. Statistical analysis
All experiments were repeated three times. The results of multiple experiments 
are presented as the mean±SD. Statistical analyses were performed using SPSS 
19.0 statistical software. The P-values were calculated using a one-way analysis of 
variance (ANOVA). P-values of <0.05 were considered to indicate a statistically 
significant result.
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Fig. 6:  MiR-136 knock-down alleviated inflammatory damage. *, p<0.05
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Fig. 7:  MiR-136 regulates the expression of Klotho by incativating JAK/STAT pathway.
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