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AGT, targeted by miR-149-5p, promotes IL-6-induced 
inflammatory responses of chondrocytes in osteoarthritis 

via activating the JAK2/STAT3 pathway
W. Wang, X. Han, T. Zhao, X. Zhang, P. Qu, H. Zhao

Department of Orthopaedics, The First Hospital of Lanzhou University, Lanzhou, China.

Abstract
Objective

Angiotensinogen (AGT) and miR-149-5p were differentially expressed genes in the osteoarthritis (OA), but their 
functional contribution to this disease is unclear. Our study aimed to illustrate their relevance to OA pathology and 

chondrocytic inflammation responses. 

Methods
In this study, a total of 32 healthy donors and 56 OA patients were recruited for cartilage tissues, and interleukin 

(IL)-6-stimulated human chondrocyte-articular (HC-a) cells were used as an in vitro OA model. 

Results
RT-qPCR and western blot assays demonstrated that AGT was upregulated in OA cartilage tissues while miR-149-5p 

was downregulated. Using a loss-of-function assay and inhibitor treatment, we found that AGT knockdown inhibited the 
increase of IL-1β, matrix metalloproteinase (MMP)-13 and nitrite in IL-6-induced chondrocytes through blocking 

the renin-angiotensin system (RAS). The prediction (TargetScan) and validation (mutant and luciferase reporter assays) 
of the interaction between AGT and miR-149-5p indicated that miR-149-5p directly regulated inflammatory responses 
in OA chondrocytes by binding to AGT. Furthermore, using overexpression and inhibitor treatment experiments, our 

study proved that JAK2/STAT3 was activated in OA tissues, and AGT regulated OA inflammation via activating 
the JAK2/STAT3 pathway. 

Conclusion
Our study demonstrated that AGT, modulated and directly bond by miR-149-5p, promoted the IL-6-induced inflammatory 

responses in OA via JAK2/STAT3 pathway.
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Introduction
Osteoarthritis (OA), a kind of degenera-
tive joint disease, is widely prevalent in 
older populations and is a leading cause 
of chronic disability (1, 2). A recent in-
vestigation showed approximately 250 
million people worldwide suffer this 
burdensome disorder (3). Crucially, 
OA leads to notable health problems 
and prominent socioeconomic costs (4, 
5). Therefore, it is worth studying the 
pathogenesis of OA and related therapy 
managements.
Current studies have characterised OA 
as the degeneration and loss of cartilage, 
secondary hyperosteogeny, changes in 
subchondral bone, synovitis and other 
joint tissues (6, 7). Cartilage is one of the 
most susceptible tissue structures in OA 
due to its avascularity; thus, cartilage de-
struction is considered to be the hallmark 
of OA (8). Previous studies indicated 
that the ectopic inflammatory response 
of chondrocytes is a crucial factor that 
originates and amplifies the disease (9). 
Abnormal levels of various factors, in-
cluding nitric oxide (NO), free radicals, 
matrix metalloproteinases (MMPs) and 
cytokines, are involved in OA pathology 
(10). Chondrocytic inflammation induc-
es and exacerbates the release of OA-re-
lated inflammatory mediators, MMP-13, 
interleukin (IL)-1β, prostaglandin E2 
(PGE2) and NO included (11, 12).
Previous studies indicated that the re-
nin-angiotensin system (RAS) is a regu-
latory hormonal cascade that represents 
a master regulator of blood pressure and 
fluid homeostasis (13, 14). Yamagishi 
and colleagues recently reported the as-
sociation between RAS and hypertroph-
ic chondrocyte differentiation, and also 
confirmed that the promotive activation 
of RAS induced osteoarthritic responses 
in the knee joint (15). Scientists deter-
mined that RAS members, such as angi-
otensin-converting enzyme (ACE), and 
angiotensin Ⅱ (ANG Ⅱ) receptors, are 
expressed in bone tissue (16). Besides, 
the clinical evidence related to rheu-
matoid arthritis (RA) and OA further 
indicates ectopic ACE and renin expres-
sion in synovial stroma, as well as the 
activation of angiotensin Ⅱ type 1 recep-
tor (AT1R) and AT2R in chondrocytes 
under pathological condition (17, 18). 
These investigations showed that RAS 

played a facilitative role in the initiation 
and development of OA. However, little 
is known about the potential mechanism 
of RAS in modulating the osteoarthritic 
inflammation response in chondrocytes.
Angiotensinogen (AGT) is a mem-
ber of RAS, and its encoded protein 
acts as the substrate for renin. ANG Ⅰ, 
the protein product cleaved by renin, 
is then cleaved by ACE to eventually 
form ANG Ⅱ (19, 20). The importance 
of AGT in cardiovascular diseases was 
validated in numerous associated stud-
ies. However, the role of AGT in OA 
pathological process has rarely been 
mentioned. A recent microarray-based 
analysis discovered that AGT was dif-
ferentially expressed and participated in 
protein interaction network in both early 
and late stages of knee OA (21). Thus, 
we reasonably inferred that AGT should 
be a crucial target in OA development.
MicroRNA (miRNA) is a single-strand-
ed non-coding RNA, approximately 22 
nucleotides long (22). MiRNA post-
transcriptionally and negatively regu-
lates the expression of target genes, and 
emerges as a hotspot in myriad research. 
Also, miRNA plays a crucial role in the 
regulation of various physiological and 
pathological processes, OA included 
(23, 24). A recent study that used inte-
grated bioinformatics analysis on OA 
cartilage samples revealed that miR-
149-5p was differentially expressed 
(25). However, the effect of abnormal 
miR-149-5p expression on OA develop-
ment remains unclear.
In the present study, to better understand 
the molecular mechanism by which 
AGT regulates the OA inflammatory 
response and the role of miR-149-5p in 
the pathological process, we detected 
the expressions of AGT and miR-149-
5p in cartilage tissues and cells under 
OA conditions. Besides, we conducted 
loss-of-function and overexpression 
experiments, and analysed the relevant 
regulatory mechanisms. The evidence 
might be conducive to provide a novel 
exploring target for further OA diagno-
sis and therapy.

Materials and methods
Patient samples
In this study, we collected 56 OA carti-
lages from OA patients who underwent 
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total hip joint re-placement surgery at 
the first hospital of Lanzhou univer-
sity All the patients were diagnosed 
and evaluated by three certified rheu-
matologists (K/L Grade Ⅰ-Ⅱ, 29 cases; 
K/L Grade Ⅲ-Ⅳ, 27 cases), with no 
complications suffered, and had not 
acceped any kind of targeted drug 
treatment. Thirty-two matched normal 
cartilages were obtained during the 
surgery for traumatic fractures, and 
these patients (K/L Grade 0) have no 
history of joint disease and their car-
tilages were macroscopically normal. 
All subjects provided written informed 
consent. The Ethic Committee of Clini-
cal Investigation of the First Hospital 
of Lanzhou University approved our 
research. Besides, all the experiments 
that involved human specimens were 
performed in accordance with the 
Declaration of Helsinki. The cartilage 
tissue was immediately frozen using 
liquid nitrogen after surgery and cryo-
preserved at - 80°C.

Cell culture and treatment
The chondrocyte cell line, HC-a, was 
purchased from American Type Cul-
ture Collection (ATCC, Manassas, VA, 
USA). Cells were grown in Dulbecco’s 
modified Eagle’s medium (DMEM) 
(Invitrogen, MA, USA) that contained 
10% Fetal Bovine Serum (FBS) (Inv-
itrogen, MA, USA) with a humidified 
atmosphere at 37°C with 5% CO2.
The HC-a cells stimulation with IL-6 
(ACRO Biosystems, MA, USA) was 
conducted after cell transfection or 
inhibitor treatment (JAK/STAT inhibi-
tor, WP1066 MedChemExpress, NJ, 
USA). Also, we performed time and 
concentration gradient experiments to 
determine the optimal IL-6 stimulation 
concentration and treatment time.

Reverse transcription 
quantitative PCR (RT-qPCR)
TRIzol reagent (Invitrogen, MA, 
USA) was used to extract total RNA 
following the manufacturer’s proto-
col. After quantifying with 1.5% aga-
rose gel electrophoresis, RNA quality 
was evaluated using a NanoDrop 8000 
(Thermo Fisher, MA, USA). For RT-
qPCR analysis, Omniscript reverse 
transcription kit (Qiagen, Dusseldorf, 

Germany) was utilised to synthesise 
cDNA from 1 μg purified RNA that 
was pre-treated with DNase I (Invit-
rogen, MA, USA). RT-qPCR was per-
formed on an ABI7500 quantitative 
PCR instrument (Applied Biosystems, 
Foster City, USA) using DyNamo 
SYBR1 Green qPCR kit (Takara, Da-
lian, China) according to the manufac-
turer’s instructions. The reaction was 
performed as followed: 1 min at 95°C, 
35 cycles of 20 s at 95°C, 10 s at 56°C 
and 15 s at 72°C, and finally held at 
4°C. Using GAPDH as the normalisa-
tion gene, the relative level of mRNA 
was calculated by 2−ΔΔCt method.

Western blot analysis
The levels of protein expressions (AGT, 
ANG Ⅱ, AT1R, p-JAK2, JAK2, p-
STAT3, STAT3) were assessed by west-
ern blot assay. Briefly, total proteins of 
cartilage tissues and HC-a cells were 
extracted using cell lysis buffer (Cell 
Signaling, Danvers, USA). Protein was 
collected and quantified using BCA 
protein assay kit (Beyotime, Shanghai, 
China). Equal amounts of protein were 
separated with sodium dodecyl sul-
fate polyacrylamide gel electrophore-
sis (SDS-PAGE). Then, proteins were 
transferred onto 5% skim milk blocked 
polyvinylidene difluoide (PVDF) mem-
branes (Millipore, Massachusetts, USA) 
and incubated with primary antibodies 
4°C overnight. GAPDH was the internal 
control group. After washed with TBS 
buffer, the membrane was incubated 
with horseradish peroxidase (HRP)-
conjugated secondary antibodies (Cell 
Signaling, Danvers, USA) for another 
2 h at room temperature. Finally, the 
bands were visualised using ECL meth-
od and quantified by a Chemi Doc XRS 
Imaging System, Bio-Rad (California, 
USA).

Cell transfection
Small interfering RNAs (siRNAs), 
mimics and inhibitors were provided by 
Invitrogen (Carlsbad, CA). PcDNA3.1 
used for overexpression experiments 
was purchased from Generay Biotech 
(Shanghai, China). In line with the 
manufacturer’s protocol, the transfec-
tions on chondrocytes were performed 
using Lipofectamine 2000 reagent (In-

vitrogen, MA, USA). Negative control 
(NC) siRNA was used for control.

Enzyme-linked immunosorbent 
assay (ELISA)
ELISA kits (R&D Systems, Minneap-
olis, USA) were used to detect IL-1β 
and MMP-13 contents in the concen-
trated cell culture supernatants from 
every group, according to the manufac-
turer’s instruction.

Determination of NO
The nitrite content measured by Griess 
reagent (Sigma-Aldrich, Darmstadt, 
Germany) according to the manufac-
turer’s protocol was utilised to estimate 
NO levels in different treatment groups.

Prediction of miRNA binding 
and mutation assay
In order to predict the binding between 
miR-149-5p and AGT, we submitted 
the gene symbol or gene ID of both on 
the online tool, TargetScan Human re-
lease 7.2 (http://www.targetscan.org/
vert_72/).
For the mutation on 3`UTR of AGT, we 
synthesised specific primers based on 
the miR-149-5p binding motif in AGT 
and introduced mutation sequences into 
primers. Next, the wild type and mutant 
3`UTR of AGT were cloned from the 
genome by using fusion PCR.

Luciferase reporter assay
To construct a luciferase reporter plas-
mid, we purchased pGL3-basic vector 
(Promega, Madison, USA) and inserted 
the human wild type or mutant type 
of AGT 3`UTR sequences into pGL3. 
HC-a cells were seeded in a 96-well 
plate for 24 h, followed by co-transfec-
tion of luciferase reporter vectors and 
NC or miR-149-5p mimic using Lipo-
fectamine 2000. For normalisation, 
we used the Renilla luciferase expres-
sion from pRL-TK plasmids (Promega, 
Madison, USA). After 48 h transfec-
tion, the luciferase intensity was meas-
ured at 560 nm using the Luciferase 
Reporter Gene Assay Kit (Promega, 
Madison, USA).

Statistical analysis
All statistical analyses were performed 
on GraphPad Prism 5. The data from 
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three individual experiments are ex-
pressed as means ± standard error 
(SEM). Significant differences were 
analysed using Student’s t-test or one-
way ANOVA. A p-value less than 0.05 
was considered statistically significant.

Results
AGT was upregulated in OA 
cartilage tissues and IL-6-stimulated 
chondrocytes, while miR-149-5p 
was downregulated
To explore the functions of AGT and 
miR-149-5p in chondrocytes during 
OA progression, we collected cartilage 
from 56 OA patients and 32 healthy 
volunteers to evaluate their expression 
patterns. RT-qPCR and western blot 
indicated that both mRNA and protein 
expression levels of AGT were upregu-
lated in OA cartilage tissues compared 
with normal cartilage (Fig. 1a and 1b). 
The expression of AGT in HC-a cells 
was also elevated by IL-6 in both dose- 
and time-dependent manners (Fig. 1c-
d). Besides, miR-149-5p was a signifi-
cantly down-regulated miRNA in OA 
cartilage tissues (Fig. 1e).

AGT knockdown inhibited 
inflammatory responses in 
chondrocytes induced by IL-6 
stimulation by blocking RAS
To analyse the potential role of AGT in 
the development of OA, we transfected 
IL-6-induced HC-a cells with siAGT or 
treated them with ACEI. The transfec-
tion efficiency experiment showed that 
with increasing siAGT transfection con-
centration, the IL-6-induced AGT up-
regulation was gradually inhibited (Fig. 
2a). Both mRNA and protein expression 
levels of ANG Ⅱ and AT1R were en-
hanced by IL-6 and efficiently inhibited 
by siAGT and ACEI (Fig. 2b-d). The 
levels of cytokines, IL-1β, MMP-13 and 
nitrite, all of which are the hallmarks of 
OA inflammation in human chondro-
cytes, were significantly increased by 
IL-6 stimulation, while siAGT trans-
fection and ACEI treatment suppressed 
these elevations (Fig. 2e-g). Further-
more, siAGT and ACEI inhibited IL-1β 
and MMP-13 mRNA level changes in-
duced by IL-6 (Fig. 2h). Overall, these 
consequences demonstrated that AGT 
participated in the regulation of inflam-

matory responses of OA chondrocytes 
via modulating RAS.

MiR-149-5p participated in the 
regulation of the OA chondrocytic
inflammatory responses via 
directly binding to AGT
We submitted AGT and miR-149-5p 
to an online bioinformatics prediction 
platform, TargetScan, and predicted the 
potential binding. As shown in Figure 
3a, miR-149-5p bond to the 3`UTR 
of AGT at the specific binding motif, 
GAGCCAG (725 bp ~731 bp). We in-
troduced 4 consecutive mutations at the 
binding region between AGT and miR-
149-5p by using fusion PCR. Thus, we 
obtained the mutated AGT 3`UTR (Fig. 
3b). The luciferase reporter assay indi-
cated that miR-149-5p mimic transfec-
tion decreased the luciferase activity of 
the wild type but not the mutant 3`UTR 
of AGT (Fig. 3c).
After establishing the binding relation-
ship between miR-149-5p and AGT, 
it was necessary to validate the role 
of miR-149-5p in regulating AGT-
mediated chondrocytic inflammatory 

Fig. 1. The expression profile of AGT and miR-149-5p in OA cartilage and IL-6-stimulated chondrocytes. 
a: The relative expressions of AGT mRNA in OA cartilage were detected by RT-qPCR. ***p<0.005 vs. normal. b: The visualised and quantified AGT protein 
level in OA cartilage was measured by western blot. **p<0.01 vs. normal. c: AGT mRNA expression in HC-a cells which were treated with IL-6 at different 
concentrations (0 ng/mL, 5 ng/mL, 10 ng/mL, 20 ng/mL) for 12 h were detected using RT-qPCR. d: After stimulation with 10 ng/mL IL-6 for 0 h, 6 h, 12 h 
or 24 h, AGT mRNA expression in HC-a cell was measured by RT-qPCR. e: Detecting miR-149-5p expression in OA tissue and HC-a cell using RT-qPCR. 
#p<0.05 vs. group of 6 h or group of 5 ng/mL. *p<0.05 vs. ctrl group. Means ± SEM is the form to present the data of at least three repeated experiments.
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response. Through transfection assays, 
we found that the miR-149-5p mimic 
reversed the inhibitory effect of IL-6 
on the expression of miR-149-5p, while 
the miR-149-5p inhibitor aggravated 
this effect (Fig. 3d). Besides, the miR-
149-5p mimic depressed IL-6-induced 
mRNA and protein upregulations of 
AGT, ANG Ⅱ and AT1R. Comparative-
ly, the miR-149-5p inhibitor presented 
opposite effects; intriguingly, AGT 
overexpression almost counteracted the 
effects of the miR-149-5p mimic (Fig. 
3e-h). Compared with the above results, 

transfections of miR-149-5p mimic and 
inhibitor, as well as pcDNA-AGT, had 
consistent effects on the expressions 
and contents of IL-1β and MMP-13, 
and the level of nitrite (Fig. 3i-l). Over-
all, our data suggested that miR-149-5p 
participated in the regulation of chon-
drocytic inflammation responses in OA 
via directly binding to AGT.

AGT regulated IL-6-induced 
chondrocytic inflammation 
responses via JAK2/STAT3 pathway
In order to further explore the mo-

lecular mechanism of AGT regulating 
OA inflammation, we detected JAK2/
STAT3 activity in OA cartilage tissue 
samples. As shown in Figure 4a, sig-
nificant phosphorylation of JAK2 and 
STAT3 were detected in OA cartilage 
tissues compared with normal tissues. 
We also found that JAK2 and STAT3 
were activated by IL-6 in HC-a cells; 
however, both siAGT and the JAK/
STAT inhibitor (WP1066) reversed 
the enhancement of p-JAK2 and p-
STAT3 levels induced by IL-6 (Fig. 
4b). Notably, WP1066 had no effects 

Fig. 2. AGT affected IL-6-stimulated inflammatory responses in chondrocytes and RAS system. 
a: After IL-6 stimulation, the expressions of AGT in NC siRNA, 0 nM siAGT, 20 nM siAGT or 50 nM siAGT transfected cells were detected by RT-qPCR; 
*p<0.05 vs. ctrl gourp; #p<0.05 vs. NC siRNA group; &p<0.05 vs. 20 nM siAGT group. HC-a cells were transfected with siAGT or treated with ACEI followed 
by IL-6 stimulation; the mRNA expressions of ANG Ⅱ (b), AT1R (c), IL-1β and MMP-13 (h) were measured using RT-qPCR, while western blot showed 
the protein levels of ANG Ⅱ and AT1R (d). Elisa was used to determine the contents of IL-1β (e) and MMP-13 (f). Nitrite levels were detected with Griess 
reagent (g). 
Data are presented as means ± SEM from three replicates. *p<0.05 vs. ctrl. #p<0.05 vs. IL-6 group. **p<0.01 vs. ctrl or normal group. ##p<0.01 vs. IL-6 group.
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on the IL-6-induced upregulations of 
AGT, ANG Ⅱ and AT1R, while AGT 
overexpression exacerbated the IL-
6-indcued increase of both mRNA and 
protein expressions of these factors 
(Fig. 4c-d). Nevertheless, WP1066 
suppressed IL-6-induced elevation of 
IL-1β, MMP-13 and nitrite contents, 
which were counteracted by AGT 
overexpression (Fig. 4e-g). WP1066 
and pcDNA-AGT exerted similar ef-
fects on the relative levels of IL-1β 
and MMP-13 (Fig. 4h). That was to 
say, AGT regulated IL-6-induced 
chondrocytic inflammation responses 
via JAK2/STAT3 pathway.
Discussion

Although OA was validated as a de-
generative inflammatory disease that 
occurred in the joints, especially carti-
lage (1), there was few evidence eluci-

dated its pathogenesis. A previous study 
showed that AGT was a component of 
RAS which was involved in the regula-
tions of many cardiovascular functions, 
such as systemic blood pressure (26). 
Also, the elevated AGT expression was 
detected in the intra-renal of hyperten-
sion patients (27). Ryousuke Satou and 
colleagues revealed that the augmented 
AGT expression accelerated ANG Ⅰ and 
ANG Ⅱ formation and stimulated AT1R 
transport function, thus to exacerbate 
hypertension development and progres-
sion (28). Recent studies documented 
that RAS was associated with OA pa-
thology and the aberrant expression of 
RAS members was implicated in chon-
drocytes differentiation and OA (15, 29, 
30). More importantly, researchers also 
discovered that AGT was upregulated in 
knee OA tissues (21). In this study, the 
expression of AGT was elevated in OA 

cartilage tissue. Moreover, we found 
that AGT overexpression increased the 
expression of ANG Ⅱ and AT1R, and 
aggravated the chondrocytic inflamma-
tory responses under IL-6 stimulation.
Interestingly, our study validated that 
miR-149-5p could directly bind to 
the 3`UTR of AGT and regulate IL-
6-stimulated inflammatory responses 
in chondrocyte. Previously, most stud-
ies indicated that miR-149-5p regulated 
the proliferation, migration and inva-
sion of cancer cells (31, 32). Recently, 
scientists found that miR-149-5p was 
downregulated in OA chondrocytes and 
was associated with the increased levels 
of pro-inflammatory cytokines (25, 33). 
This finding was also validated in our 
research. Moreover, miR-149 targeted 
and regulated TAK1, thus to inhibit the 
IL-1β-triggered inflammatory response 
of chondrocytes in OA (34). Wang et 

Fig. 3. MiR-149-5p directly bond to the 3`UTR of AGT. 
a: TargetScan predicted the binding between miR-149-5p and AGT. b: Mutations were introduced into the 3`UTR of AGT using Fusion PCR and specific 
primers. c: Luciferase reporter assay presented the luciferase intensity of AGT 3`UTR with miR-149-5p or NC mimic. 
*p<0.05 vs. NC mimic. HC-a cells were transfected with miR-149-5p mimic or miR-149-5p inhibitor with or without pcDNA-AGT, followed by IL-6 treat-
ment. Relative expressions of miR-149-5p (d), AGT (e), ANG Ⅱ (f), AT1R (g), IL-1β and MMP-13 (l) were detected by RT-qPCR. The fold changes of pro-
tein levels, AGT, ANG Ⅱ and AT1R (h), were measured using western blot. Elisa assay was conducted to measure the contents of IL-1β (i) and MMP-13 (j). 
k: Nitrite content was detected with Griess reagent. All data are expressed as mean ± SEM. *p<0.05 vs. ctrl; #p<0.05 vs. non-treated IL-6 group; **p<0.01 
vs. ctrl; ##p<0.01 vs. IL-6 group.
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al. suggested that miR-149 could also 
mediate OA development by targeting 
FUT1 (35).
In recent years, JAK2/STAT3 pathway 
emerged as an intracellular signalling 
with relevance to multiple cellular pro-
cesses, including apoptosis and inflam-
matory reaction (36). Also, JAK/STAT 
signalling played a key role in the path-
ological process of arthritis (37). Zhang 
and colleagues conducted a study using 
an OA model and demonstrated that 
activating JAK2/STAT3 signalling was 
an important pathway for leptin to in-
hibit chondrocyte viability and induce 
apoptosis (38). An in vitro study vali-
dated that IL-1β stimulation promoted 

MMP-13 expression in chondrocytes 
via JAK/STAT pathway (39). Similarly, 
our present study indicated that JAK2/
STAT3 signalling was the downstream 
pathway of AGT in regulating IL-6-in-
duced inflammation responses of chon-
drocytes.
In conclusion, AGT presented the pro-
inflammatory ability in IL-6-stimulated 
chondrocytes via regulating JAK2/
STAT3 signalling. MiR-149-5p, a 
downregulated miRNA in OA cartilage 
tissues, also modulated the IL-6-in-
duced inflammatory responses of chon-
drocytes, due to its direct binding with 
AGT. Our study may provide promis-
ing therapeutic targets for OA therapy.
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