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Abstract: A-kinase anchoring protein 12 (AKAP12) has been identified as an anti-inflammatory and anti-fibrotic 
regulator in chronic inflammation and cardiovascular disease. However, the potential of AKAP12 in autoimmune 
disorders, rheumatoid arthritis (RA) and associated cardiac complications remains elusive. Here, a murine model 
of collagen-induced arthritis (CIA) was successfully induced, followed by adenovirus-mediated AKAP12 short 
hairpin RNA (shRNA) treatment. AKAP12 silenced mice displayed elevated clinical arthritis scores and significant 
ankle joint swelling. AKAP12 loss in CIA mice increased inflammatory cell infiltration and cartilage erosion, increased 
the levels of anti-IIC IgG and inflammatory cytokines IL-1β, IL-6, tumor necrosis factor (TNF)-α in serum, and 
upregulated the expression of cartilage-degrading enzymes MMP-1, MMP-3, MMP-13 in synovium, but reduced 
IL-10. The number of M1 macrophages and the expression of the markers (CCR7, IL-6, TNF-α and iNOS) was 
enhanced in synovial tissues, while M2 polarized macrophages and the makers (IL-10 and arginase-1) were reduced 
in response to AKAP12 loss. Moreover, low expression of AKAP12 was detected in the hearts of CIA mice. Loss 
of AKAP12 results in increased cardiac inflammation and fibrosis. This work suggests that AKAP12 loss aggravates 
joint inflammation likely through the promotion of M1 macrophage polarization and exacerbates inflammation-
caused cardiac fibrosis.
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Introduction

Rheumatoid arthritis (RA) is a chronic autoimmune 
polyarticular disorder that affects about 1% population 
in the world [1]. Clinically, it is mainly characterized 
by destructive inflammation in synovial joints, leading 
to cartilage degradation and eventual disability [2]. 
Pathogenic alterations in synovium are predominantly 
caused by the increase and activation of synovial mac-
rophages, with the production of inflammatory cyto-
kines, matrix metalloproteinases (MMPs) and cartilage-
degrading enzymes [3]. At present, the treatment of this 

disease includes non-steroidal anti-inflammatory drugs, 
glucocorticoid and disease modifying anti-rheumatic 
drugs (DMARD) therapy, yet the effect is not satisfac-
tory [4]. RA is also a complex multisystem disease, and 
RA inflammation is associated with the occurrence of 
extra-articular complications, including early cardio-
vascular death [5], which increased the difficulty in the 
treatment of RA. Therefore, novel treatment strategies 
for preventing RA and its complications are urgently 
required.

A-kinase anchoring protein 12 (AKAP12), a scaffold-
ing protein, anchors protein kinase A (PKA) and protein 
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kinase C (PKC) to the plasma membrane to regulate 
cytoskeletal structure, cell migration and attachment [6, 
7]. The anti-migration and invasion actions of AKAP12 
have been widely described in a bunch of cancers [6, 8], 
but the functionality of AKAP12 in RA is still undefined. 
AKAP12 has been implicated in the regulation of inflam-
matory reaction, and low AKAP12 expression is found 
in lung tissues of patients with chronic pneumonia [9]. 
AKAP12 knockdown in fibrotic scars results in excessive 
inflammation [10], and it accelerates macrophage polar-
ization towards an anti-inflammatory M2 phenotype 
during inflammation recovery [11]. Moreover, several 
studies have indicated the function of AKAP12 in car-
diovascular diseases [12]. AKAP12 depletion promotes 
lipopolysaccharide-triggered inflammatory cytokine 
changes and vascular endothelial dysfunction [13], and 
leads to inflammation and cell apoptosis in angiotensin 
II-caused cardiac damage [14]. AKAP12 expression is 
obviously downregulated in RA synovial tissues [15]. 
We hypothesize that AKAP12 may be a valuable target 
for the treatment of RA and associated myocardial dam-
age.

In current work, collagen-induced arthritis (CIA), a 
murine model of RA, was established and we treated 
CIA mice with adenovirus expressing AKAP12 short 
hairpin RNA (shRNA) to explore the effect of AKAP12 
on joint inflammation and cardiac complications. Our 
study provides a theoretical basis for the treatment of 
RA and related heart diseases by targeting AKAP12.

Materials and Methods

Materials
Bovine type II collagen (CII) was purchased from 

Source Leaf Biological Technology Co., Ltd. (Shanghai, 
China). Hemotoxylin and SYBR Green were from So-
larbio Life Sciences (Beijing, China), and Eosin was 
obtained from Sangon Biotechnology (Shanghai, China). 
AKAP12, MMP-1 and CD206 antibodies were purchased 
from Proteintech, MMP-3 and MMP-13 antibodies were 
from Affinity, and Goat anti-rabbit IgG was from Ther-
moFisher (Shanghai, China). CD68 antibody was ob-
tained from Abcam (UK) and anti-CCR7 was from 
ABclonal (Wuhan, China). 3,3′-diaminobenzidine 
(DAB) chromogenic solution was obtained from Fuzhou 
Maixin Biotech (Fuzhou, China). The primers used were 
synthesized by GenScript (Nanjing, China). TRIpure 
reagent was bought from BioTeke (Beijing, China). Elec-
trochemiluminescence (ECL) reagent was provided by 
Beyotime Biotechnology (Shanghai, China). Anti-colla-
gen type II (CII) antibody ELISA kit was from FineTest 
(Wuhan, China). The kits for detecting IL-1β, IL-6, tu-

mor necrosis factor (TNF)-α and IL-10 levels were ac-
quired from MultiSciences (Hangzhou, China).

Experimental animals and treatment
Male DBA/1 mice (6–8 weeks old) obtained were kept 

in a suitable environment with food and water freely 
available. The animal experiments were conducted with 
the approval of the Experimental Animal Ethics Com-
mittee at the Hebei General Hospital (approval no. 2021-
71). The CIA mouse model was established according 
to previous research [16]. CII (2 mg/ml) emulsified with 
equal amounts (1:1, v/v) of Freund’s complete adjuvant 
(primary immunization) or Freund’s incomplete adjuvant 
(secondary immunization) was prepared. On day 0, the 
mice were immunized by subcutaneous injection of 0.1 
ml emulsion at the base of the tail. A booster immuniza-
tion was performed on day 21. The mice were boosted 
subcutaneously with CII emulsified with Freund’s in-
complete adjuvant (0.1 ml).

The adenovirus-based shRNA vectors were synthe-
sized by General Biosystems (Anhui, China) and con-
structed into the pShuttle-CMV vector (Hunan Fenghui 
Biotechnology Co., Ltd., Hunan, China). The sequence 
of AKAP12 shRNA was GCTTCAAGAAGGTATTTA-
AAT, which was synthesized by General Biosystems.

Recombinant adenoviruses carrying AKAP12 shRNA 
(shAKAP12) or negative control shRNA (shNC) were 
prepared. Then, the adenoviruses (Ad-shAKAP12 or 
Ad-shNC) were administrated once a week via tail vein 
injection at a dose of 108 PFU/mouse. The clinical ar-
thritis score and hind paw thickness were monitored at 
2-day intervals starting in day 23 of CIA modeling. The 
scoring method was based on a previous study [16]. In 
detail, each paw was assessed and scored individually, 
with a score of 4 representing the most severe degree of 
inflammation. The sum of the scores for all 4 climbs was 
calculated as an arthritis index for each animal, with a 
maximum index score of 16. Besides, the thickness (mm) 
of the hind paw was measured using a caliper. On day 
32, all mice were euthanized by intraperitoneal injection 
of sodium pentobarbital (200 mg/kg) [17]. Blood sam-
ples were collected from the retro-orbital venous plexus 
of mice. The ankle joints, synovium, synovial fluid and 
hearts were then harvested.

Histopathological examination
Synovial and heart tissues were fixed in 4% parafor-

maldehyde overnight, followed by paraffin-embedding 
for histopathological analysis. Samples were sliced into 
5 µm thickness, and stained with hemotoxylin and eosin 
(H&E) or safranin O and fast green. The stained sections 
were then observed and photographed under a light mi-
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croscope (Olympus, Tokyo, Japan). Synovial inflamma-
tion and cartilage erosion were assessed and scored [18, 
19]. The synovitis scoring was based on the following 
criteria: no synovitis (0–1), low-grade synovitis (2–4), 
high-grade synovitis (5–9). Cartilage erosion was deter-
mined using the Osteoarthritis Research Society Inter-
national (OARSI) scoring system. The scoring standards 
were defined as follows: intact surface and cartilage 
morphology (grade 0), intact surface (grade 1), discon-
tinuous surface (grade 2), vertical fissures (grade 3), 
erosion (grade 4), denudation (grade 5), and deformation 
(grade 6). Myocardial damage was determined and 
scored in accordance with the percentage of positive 
staining area, and the specific criteria were as follows 
[20]: minimal, <25% (1); moderate, 25–50% (2); sig-
nificant, 50–75% (3); severe, >75% (4). The sum of three 
variables was used to represent the cardiac damage score 
(0–12). For evaluation of fibrosis, the heart tissue sec-
tions were stained with Masson trichrome reagent in 
accordance with the instruction of manufacturer. The 
quantitative analysis of Masson-positive staining area 
was done using the image analysis software (Image-Pro 
Plus6.0), and the percentage of positive-staining area 
was calculated (area of positive staining / area of tissue 
× 100).

Immunohistochemistry
Paraffin-embedded synovial samples (5 µm thick) 

were rehydrated and antigen-retrieved, and primary an-
tibody (AKAP12 antibody, 1:200) was added and incu-
bated overnight at 4°C. Incubation of horseradish per-
oxidase (HRP)-labeled secondary antibody (1:500) was 
then performed for 1 h. After staining with DBA and 
hematoxylin, the slices were imaged by a microscope at 
400× magnification.

Quantitative PCR
Primers utilized for quantitative PCR were shown in 

Table 1. Total mRNAs were obtained from synovial tis-
sues, synovial fluid and hearts using TRIpure as recom-
mended by the manufacturer. Reverse transcription was 
carried out using the BeyoRT II M-MLV reverse tran-
scriptase (Beyotime, Shanghai, China). Quantification 
of mRNA was based on SYBR green PCR system. Mouse 
β-actin served as the amplification control.

Western blot
Mouse synovial and heart tissue samples were lysed 

and centrifuged, and the proteins from the supernatant 
were run on 10% SDS-polyacrylamide gel electropho-
resis (PAGE). Proteins were then transferred onto the 
PVDF membranes, and the membranes were blocked 
with 5% skimmed milk powder for 1 h. They were 
probed with primary antibody against AKAP12 (1:1,000), 
MMP-1 (1:500), MMP-3 (1:1,000) or MMP-13 (1:1,000), 
and later incubated with HRP-conjugated goat anti-
rabbit secondary antibody (1:10,000). Forty minutes 
later, the blots were visualized using ECL. Optical den-
sity value was obtained using Tanon Image Analyzer 
(Shanghai, China).

ELISA
Mouse serum anti-CII antibody and inflammatory 

cytokines IL-1β, IL-6, TNF-α and IL-10 levels were 
determined by ELISA according to the standard methods 
provided by the manufacturers.

Immunofluoresence double staining
Sections (5 µm) prepared were incubated with first 

antibodies anti-CD68 (1:50), anti-CD206 and anti-CCR7 
(1:100) at 4°C overnight. The goat anti-mouse (FITC) 
or anti-rabbit (Cy3) secondary antibody (1:200) was 
added and incubated for 1.5 h in the dark. The nucleus 
was visualized using 4’,6-diamidino-2-phenylindole 
(DAPI, blue). The sections were finally mounted and 
photographed using fluorescence microscopy (Olympus).

Table 1.	 Sequences of primers utilized in this study

Name Sequence Product length (bp)

AKAP12 Fwd TGGGAGGCGTTGATTTG 169
AKAP12 Rv GGTCTTGTTCCTGGGTGC
IL-6 Fwd ATGGCAATTCTGATTGTATG 212
IL-6 Rv GACTCTGGCTTTGTCTTTCT
TNF-α Fwd CAGGCGGTGCCTATGTCTCA 182
TNF-α Rv GCTCCTCCACTTGGTGGTTT
iNOS Fwd CACCACCCTCCTCGTTC 132
iNOS Rv CAATCCACAACTCGCTCC
IL-10 Fwd TTAAGGGTTACTTGGGTTGC 137
IL-10 Rv GAGGGTCTTCAGCTTCTCAC
Arginase-1 Fwd TATCTGCCAAAGACATCG 130
Arginase-1 Rv ATCACCTTGCCAATCCC

Fwd, Forward; Rv, Reverse.
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Statistical analysis
The values were shown as the mean ± SD from at least 

six independent experiments. Data analysis was done 
using the GraphPad Prism 8.0, GraphPad Software. Sta-
tistical comparisons between control and model were 
based on the unpaired Student’s t test, and differences 
among multiple groups were assessed using the one-way 
analysis of variance (ANOVA) followed by Tukey’s 
multiple comparisons test. P<0.05 was pre-specified as 
statistically significant.

Results

AKAP12 expression in CIA mice
CIA is a widely used animal model of RA, and the 

experimental design of this study was depicted in Fig. 
1A. Compared with the control group, CIA mice dis-
played obvious increases in arthritis scores and hind paw 
thickness from the 23rd day to the 32nd day (Fig. 1B). 
Figure 1C showed the representative photographs of the 
injured paws of mice at day 32, and obvious swelling 
and redness were observed in the hind paws of CIA mice. 
These data suggest that RA model in mice were estab-
lished successfully. We then examined the expression of 
AKAP12 by quantitative PCR, western blot and immu-

Fig. 1.	 A-kinase anchoring protein 12 (AKAP12) level is decreased in a collagen-induced arthritis (CIA) mouse model. Analysis of RA 
progression was based on a CIA mouse model. (A) Experimental procedure was shown. (B) The clinical scores were recorded 
and paw thickness was measured every 3 days beginning 23 days after the initial immunization. (C) Photographs of hind paws 
32 days after modeling. (D) AKAP12 mRNA expression in synovial tissues and fluid was determined by quantitative PCR. (E) 
Immunohistochemical staining of AKAP12 in synovial tissues. (F) Representative band images of AKAP12 via western blot. 
Data are shown as mean ± SD. **P<0.01, ***P<0.001.
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nohistochemistry assays. Relative mRNA level of 
AKAP12 was significantly downregulated in synovial 
tissues and fluid of CIA mice (Fig. 1D). This finding was 
further supported by immunohistochemistry and western 
blot data (Figs. 1E and F).

Loss of AKAP12 aggravates CIA development in 
mice

To evaluate AKAP12’s function in RA, CIA mice were 
treated with adenovirus expressing AKAP12 shRNA. 
Compared with the control mice, AKAP12 shRNA 
caused increased clinical scores and severe paw swelling 
in mice (Figs. 2A and B), demonstrating that AKAP12 
shRNA-treated mice develop severe CIA. AKAP12 ex-
pression in synovium was silenced by adenovirus trans-
duction of AKAP12 shRNA, as demonstrated by quan-
titative PCR and western blot analysis (Fig. 2C). Loss 
of AKAP12 increased serum anti-IIC IgG level (Fig. 
2D). Histopathological examination found that CIA mice 
exhibited inflammatory cell infiltration in synovial tis-

sues, cartilage destruction and bone erosion in ankle 
joints, which was enhanced by AKAP12 loss (Figs. 3A 
and B). Thus, AKAP12 loss aggravates CIA-caused joint 
damage in mice.

AKAP12 loss alters the inflammatory properties in 
CIA mice

Proinflammatory cytokines are critical regulators par-
ticipating in joint inflammation and cartilage degradation 
[21]. Levels of serum inflammatory factors were mea-
sured by ELISA. CIA mice displayed significant eleva-
tion in IL-1β, IL-6, TNF-α and IL-10. AKAP12 shRNA-
treated mice showed further increases in IL-1β, IL-6 and 
TNF-α, but a decrease in IL-10 (Fig. 4A). Besides, the 
relative expression of MMP-1, MMP-3 and MMP-13 
was upregulated in synovial tissues of CIA mice, which 
further enhanced by AKAP12 loss (Fig. 4B). All these 
data suggest that loss of AKAP12 was capable of enhanc-
ing inflammatory response in RA.

Fig. 2.	 Loss of A-kinase anchoring protein 12 (AKAP12) worsens collagen-induced arthritis (CIA) progression. One day after booster 
immunization, the mice received Ad-shAKAP12 or Ad-shNC (once per week) via tail vein injection. (A) Clinical assessment 
and paw thickness measurement on day 23, 26, 29 and 32. (B) Pictures of hind paws on day 32 were displayed. (C) Quantitative 
PCR and western blot analysis of AKAP12 expression in synovial tissues. (D) Detection of serum anti-IIC antibody level by 
ELISA. NT, not treated. Data are shown as mean ± SD. *P<0.05, **P<0.01, ***P<0.001; +P<0.05, +++P<0.001.
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Fig. 3.	 Histopathological analysis of tissues. (A) Pathological observation of synovial tissues (hemotoxylin and eosin (H&E) 
staining) and subsequent scoring. * indicates inflammatory infiltration of synovium. (B) Evaluation of cartilage 
damage (box) in ankle joints by Safranin O-fast green staining, and the Osteoarthritis Research Society Interna-
tional (OARSI) scoring. NT, not treated. Data are indicated as mean ± SD. **P<0.01; ++P<0.01.

Fig. 4.	 Loss of A-kinase anchoring protein 12 (AKAP12) affects the production of inflammatory cytokines and matrix metal-
loproteinases (MMPs) in collagen-induced arthritis (CIA) mice. (A) Serum levels of IL-1β, IL-6, tumor necrosis factor 
(TNF)-α and IL-10 were detected by ELISA. (B) Western blot analysis of MMP-1, MMP-3 and MMP-13 in synovial 
tissues. NT, not treated. Data are shown as mean ± SD. *P<0.05, ***P<0.001; +P<0.05, ++P<0.01, +++P<0.001.
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AKAP12 loss affects the phenotypic changes of 
macrophages in CIA mice

Macrophages exhibit two main classifications, “pro-
inflammatory” M1 and anti-inflammatory “M2” [22]. 
Immunofluorescence double staining for CD68 (M0 
macrophage marker) and CCR7 (M1 macrophage mark-
er) was performed in the synovial tissues. A large area 
of CCR7 staining was observed in CIA mice, and 
AKAP12 loss enhanced it (Fig. 5A). IL-6, TNF-α and 
iNOS are the major products of M1 macrophages, and 
quantitative PCR results verified that loss of AKAP12 
significantly elevated CIA-induced increases in IL-6, 
TNF-α and iNOS mRNA levels (Fig. 5B). Besides, a 
small area of CD206 (M2 marker) staining was found 
following AKAP12 shRNA treatment (Fig. 6A). Loss of 
AKAP12 could lower the mRNA levels of IL-10 and 
arginase-1, two recognized markers of M2 macrophages 
(Fig. 6B). These findings indicate that AKAP12 loss is 
able to drive the phenotypic switch from M2 to M1 mac-

rophages.

Loss of AKAP12 aggravates myocardial damage 
induced by CIA

RA patients are at high risk for heart disease [23]. 
Quantitative PCR and western blot analysis confirmed 
that the mRNA and protein expression levels of AKAP12 
were downregulated remarkably in the hearts of CIA 
model mice, which were decreased by AKAP12 shRNA 
(Fig. 7A). H&E staining of the hearts was shown in Fig. 
7B. The control mice displayed normal myocardial struc-
ture. AKAP12 loss worsened CIA-caused inflammatory 
cell infiltration and misaligned myofibrillar structure. 
Masson staining in Fig. 7C demonstrated that AKAP12 
shRNA-treated mice had a higher proportion of fibrosis 
compared to the CIA group, as manifested by strong blue 
collagen staining. These results indicate that AKAP12 
loss may exacerbate CIA-induced cardiac failure.

Fig. 5.	 Loss of A-kinase anchoring protein 12 (AKAP12) modulates M1 macrophage polarization in collagen-induced arthritis (CIA) 
mice. (A) Representative images of immunofluoresence double staining of CD68 (green) and CCR7 (red), and quantification of 
the number of CD68+ macrophages and CCR7+ M1 macrophages. (B) Quantitative PCR was utilized for mRNA expression 
levels of IL-6, TNF-α and iNOS, three markers of M1 macrophages. Data are represented as mean ± SD. *P<0.05, **P<0.01, 
***P<0.001; +P<0.05, ++P<0.01, +++P<0.001.
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Discussion

RA is a common inflammatory arthritis, primarily af-
fecting synovium and joint cartilage. In our study, we 
investigated the potential of AKAP12 in RA progression 
using a CIA murine model. AKAP12 loss was found to 
aggravate joint swelling, inflammation and bone destruc-
tion possibly via the promotion of M1 macrophage po-
larization. It also damaged CIA-induced heart tissues 
demonstrated by enhanced cardiac fibrosis. Thus, 
AKAP12 may act as a potential target for the therapy of 
RA and its cardiac complications.

Type II collagen can induce RA-like symptoms in 
mice and stimulate autoimmune and inflammatory re-
sponses [24, 25]. DBA/1 mice have been reported to 
have high sensitivity in CIA model [26]. Here, CIA mice 
displayed visible joint swelling and arthritis, similar to 
the features of RA.

Joint damage in RA is associated with cartilage deg-

radation and extracellular matrix destruction [27, 28]. 
We first confirmed that AKAP12 was low-expressed in 
synovial tissues and synovial fluid of CIA mice, and its 
loss can result in the erosion of cartilages in the synovi-
um, indicating the importance of AKAP12 in RA. The 
extracellular matrix, including collagen, is the main 
component of articular cartilage, which can maintain the 
structural integrity of cartilage and homeostasis of the 
extracellular environment [28]. MMP family members 
including MMP-1, MMP-3 and MMP-13 are reported to 
serve as collagenases mediating the degradation of ex-
tracellular matrix [28, 29]. AKAP12 deletion elevated 
MMP expression in RA synovium, thereby enhancing 
CIA-induced matrix degradation. Besides, the produc-
tion of MMPs is stimulated by inflammatory cytokines 
such as TNF-α and IL-1β [28]. Chronic inflammation in 
RA is attenuated by the decrease in proinflammatory 
factors IL-1β, IL-6, TNF-α and the increase in anti-in-
flammatory IL-10 [30, 31]. Li et al. reported the proin-

Fig. 6.	 Loss of A-kinase anchoring protein 12 (AKAP12) inhibits M2 macrophage polarization. (A) Immunofluoresence double staining 
of CD68 (green) and CD206 (red), followed by quantification of CD68+/CCR7+ macrophages. (B) Detection of M2 macrophage 
markers (IL-10 and arginase-1) using quantitative PCR. Data are represented as mean ± SD. *P<0.05, **P<0.01, ***P<0.001; 
+P<0.05, ++P<0.01, +++P<0.001.
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flammatory function of AKAP12 deletion in damaged 
mice [14]. Our study further confirmed that AKAP12 
loss had a proinflammatory role in RA. These data sup-
port the notion that loss of AKAP12 aggravates CIA-
caused joint damage through promoting synovial inflam-
mation and MMPs-mediated cartilage degradation.

Macrophages are broadly distributed immune cells, 
and their increase in inflamed joints is recognized as an 
early marker of active RA [32]. Activated macrophages 
drive the progression of RA by producing proinflamma-
tory cytokines and MMPs [33, 34]. RA inflammation and 
tissue destruction are mediated by the polarization of 
synovial macrophages (proinflammatory M1 and anti-
inflammatory M2) [32, 35]. Yang et al. found that 
AKAP12 knockdown lowers the proportion of M2 mac-
rophages by declining the expression of M2 markers 
CD206 and arginase 1 [11]. CCR7 is a hallmark for 
macrophage M1 phenotype [36, 37]. CCR7 knockout 
prevents CIA progression in mice [38]. Prevention of 
M1 macrophage polarization may be a potential thera-
peutic approach for RA. Consistent with previous stud-
ies, AKAP12 loss in synovium skewed macrophage 
polarization toward the M1 phenotype. Increased propor-
tion of M1 macrophages was observed in CIA mice. 

Activated M1 macrophages can produce a variety of 
proinflammatory cytokines including IL-6, TNF-α and 
iNOS, aggravating joint inflammation [39]. The proin-
flammatory function of AKAP12 loss was found in the 
synovium of CIA mice, as manifested by increased ex-
pression of proinflammatory factors and reduced anti-
inflammatory mediators. These results suggest that 
AKAP12 loss-mediated joint damage in RA may be 
modulated by the polarization of M1 macrophages. The 
joint synovium contains a variety of cells, including the 
fibroblast-like synoviocytes (FLS) [40], synovial mac-
rophages [41], and chondrocytes [42]. A limitation of 
our study is the lack of in vitro analysis, and whether 
AKAP12 functions in CIA-related cell types will be 
investigated in the future.

Patients with RA have a high incidence of cardiovas-
cular complications [43]. Joint inflammation caused by 
CIA promotes the progression of myocardial fibrosis, 
contributing to heart failure development [44]. CIA mice 
exhibited obvious inflammatory cell infiltration and se-
vere fibrosis in the hearts, which is in line with the find-
ing of Wang et al. [45]. AKAP12 deletion has been re-
ported to promote inflammatory response and cardiac 
fibrosis [14]. In this study, AKAP12 expression was 

Fig. 7.	 Loss of A-kinase anchoring protein 12 (AKAP12) worsens cardiac damage of collagen-induced arthritis (CIA) mice. (A) 
Quantitative PCR and western blot assays were performed to measure AKAP12 expression level in hearts. (B, C) Repre-
sentative photographs showed hemotoxylin and eosin (H&E) and Masson’s trichrome staining of heart tissues, and assess-
ment of heart damage and fibrosis (scoring). NT, not treated. Data are represented as mean ± SD. *P<0.05, **P<0.01, 
***P<0.001; ++P<0.01, +++P<0.001.
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downregulated in the hearts of CIA mice, and the profi-
brotic role of AKAP12 loss was verified. Moreover, the 
accumulation of inflammatory cytokines in rheumatoid 
synovium can drive a series of maladaptive processes in 
the myocardium, thereby causing myocardial dysfunc-
tion [46]. The precise mechanisms underpinning the 
relationship between RA and cardiovascular diseases are 
not well established. Our experiments reveal that loss of 
AKAP12 may be detrimental to the attenuation of RA 
and associated cardiac failure. Cardiovascular event is 
one of the common complications of RA patients. Syno-
vitis can also stimulate other systemic disorders such as 
osteoporosis and fracture, metabolic syndrome and pul-
monary disorder [3]. Therefore, additional research is 
required.

In conclusion, the current study uncovered that 
AKAP12 loss aggravated joint damage, synovial inflam-
mation and cardiac complications in CIA mice, provid-
ing a potential therapeutic target for RA and related 
cardiac complications.
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