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Abstract 13 

A-kinase anchoring protein 12 (AKAP12) has been identified as an anti-inflammatory 14 

and anti-fibrotic regulator in chronic inflammation and cardiovascular disease. 15 

However, the potential of AKAP12 in autoimmune disorders, rheumatoid arthritis 16 

(RA) and associated cardiac complications remains elusive. Here, a murine model of 17 

collagen-induced arthritis (CIA) was successfully induced, followed by 18 

adenovirus-mediated AKAP12 short hairpin RNA (shRNA) treatment. AKAP12 19 

silenced mice displayed elevated clinical arthritis scores and significant ankle joint 20 

swelling. AKAP12 loss in CIA mice increased inflammatory cell infiltration and 21 

cartilage erosion, increased the levels of anti-IIC IgG and inflammatory cytokines 22 

IL-1β, IL-6, TNF-α in serum, and upregulated the expression of cartilage-degrading 23 

enzymes MMP-1, MMP-3, MMP-13 in synovium, but reduced IL-10. The number of 24 

M1 macrophages and the expression of the markers (CCR7, IL-6, TNF-α and iNOS) 25 

was enhanced in synovial tissues, while M2 polarized macrophages and the makers 26 

(IL-10 and arginase-1) were reduced in response to AKAP12 loss. Moreover, low 27 

expression of AKAP12 was detected in the hearts of CIA mice. Loss of AKAP12 28 

results in increased cardiac inflammation and fibrosis. This work suggests that 29 

AKAP12 loss aggravates joint inflammation likely through the promotion of M1 30 

macrophage polarization and exacerbates inflammation-caused cardiac fibrosis. 31 

Keywords: rheumatoid arthritis, AKAP12, inflammation, macrophage polarization, 32 

heart 33 
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Introduction 34 

Rheumatoid arthritis (RA) is a chronic autoimmune polyarticular disorder that affects 35 

about 1% population in the world [1]. Clinically, it is mainly characterized by 36 

destructive inflammation in synovial joints, leading to cartilage degradation and 37 

eventual disability [2]. Pathogenic alterations in synovium are predominantly caused 38 

by the increase and activation of synovial macrophages, with the production of 39 

inflammatory cytokines, matrix metalloproteinases (MMPs) and cartilage-degrading 40 

enzymes [3]. At present, the treatment of this disease includes non-steroidal 41 

anti-inflammatory drugs, glucocorticoid and disease modifying anti-rheumatic drugs 42 

(DMARD) therapy, yet the effect is not satisfactory [4]. RA is also a complex 43 

multisystem disease, and RA inflammation is associated with the occurrence of 44 

extra-articular complications, including early cardiovascular death [5], which 45 

increased the difficulty in the treatment of RA. Therefore, novel treatment strategies 46 

for preventing RA and its complications are urgently required. 47 

    A-kinase anchoring protein 12 (AKAP12), a scaffolding protein, anchors protein 48 

kinase A (PKA) and protein kinase C (PKC) to the plasma membrane to regulate 49 

cytoskeletal structure, cell migration and attachment [6, 7]. The anti-migration and 50 

invasion actions of AKAP12 have been widely described in a bunch of cancers [6, 8], 51 

but the functionality of AKAP12 in RA is still undefined. AKAP12 has been 52 

implicated in the regulation of inflammatory reaction, and low AKAP12 expression is 53 

found in lung tissues of patients with chronic pneumonia [9]. AKAP12 knockdown in 54 

fibrotic scars results in excessive inflammation [10], and it accelerates macrophage 55 
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polarization towards an anti-inflammatory M2 phenotype during inflammation 56 

recovery [11]. Moreover, several studies have indicated the function of AKAP12 in 57 

cardiovascular diseases [12]. AKAP12 depletion promotes 58 

lipopolysaccharide-triggered inflammatory cytokine changes and vascular endothelial 59 

dysfunction [13], and leads to inflammation and cell apoptosis in angiotensin 60 

Ⅱ-caused cardiac damage [14]. AKAP12 expression is obviously downregulated in 61 

RA synovial tissues [15]. We hypothesize that AKAP12 may be a valuable target for 62 

the treatment of RA and associated myocardial damage. 63 

In current work, collagen-induced arthritis (CIA), a murine model of RA, was 64 

established and we treated CIA mice with adenovirus expressing AKAP12 short 65 

hairpin RNA (shRNA) to explore the effect of AKAP12 on joint inflammation and 66 

cardiac complications. Our study provides a theoretical basis for the treatment of RA 67 

and related heart diseases by targeting AKAP12. 68 

Materials and methods 69 

Materials 70 

Bovine type Ⅱ collagen (CII) was purchased from Source Leaf Biological Technology 71 

Co., Ltd. (Shanghai, China). Hemotoxylin and SYBR Green were from Solarbio Life 72 

Sciences (Beijing, China), and Eosin was obtained from Sangon Biotechnology 73 

(Shanghai, China). AKAP12, MMP-1 and CD206 antibodies were purchased from 74 

Proteintech, MMP-3 and MMP-13 antibodies were from Affinity, and Goat anti-rabbit 75 

IgG was from ThermoFisher (China). CD68 antibody was obtained from Abcam (UK) 76 
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and anti-CCR7 was from ABclonal (China). 3,3’-diaminobenzidine (DAB) 77 

chromogenic solution was obtained from Fuzhou Maixin Biotech (China). The 78 

primers used were synthesized by GenScript (Nanjing, China). TRIpure reagent was 79 

bought from BioTeke (Beijing, China). Electrochemiluminescence (ECL) reagent was 80 

provided by Beyotime Biotechnology (Shanghai, China). Anti-collagen type II (CII) 81 

antibody enzyme-linked immunosorbent assay (ELISA) kit was from FineTest 82 

(Wuhan, China). The kits for detecting interleukin (IL)-1β, IL-6, tumor necrosis factor 83 

(TNF)-α and IL-10 levels were acquired from MultiSciences (Hangzhou, China). 84 

Experimental animals and treatment 85 

Male DBA/1 mice (6-8 weeks old) obtained were kept in a suitable environment with 86 

food and water freely available. The animal experiments were conducted with the 87 

approval of the Experimental Animal Ethics Committee at the Hebei General Hospital 88 

(approval no. 2021-71). The CIA mouse model was established according to previous 89 

research [16]. CII (2 mg/mL) emulsified with equal amounts (1:1, v/v) of Freund’s 90 

complete adjuvant (primary immunization) or Freund’s incomplete adjuvant 91 

(secondary immunization) was prepared. On day 0, the mice were immunized by 92 

subcutaneous injection of 0.1 mL emulsion at the base of the tail. A booster 93 

immunization was performed on day 21. The mice were boosted subcutaneously with 94 

CII emulsified with Freund’s incomplete adjuvant (0.1 mL). 95 

The adenovirus-based shRNA vectors were synthesized by General Biosystems 96 

(Anhui, China) and constructed into the pShuttle-CMV vector (Hunan Fenghui 97 
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Biotechnology Co., Ltd., China). The sequence of AKAP12 shRNA was 98 

GCTTCAAGAAGGTATTTAAAT, which was synthesized by General Biosystems 99 

(Anhui, China). 100 

Recombinant adenoviruses carrying AKAP12 shRNA (shAKAP12) or negative 101 

control shRNA (shNC) were prepared. Then, the adenoviruses (Ad-shAKAP12 or 102 

Ad-shNC) were administrated once a week via tail vein injection at a dose of 108 103 

PFU/mouse. The clinical arthritis score and hind paw thickness were monitored at 104 

2-day intervals starting in day 23 of CIA modeling. The scoring method was based on 105 

a previous study [16]. In detail, each paw was assessed and scored individually, with a 106 

score of 4 representing the most severe degree of inflammation. The sum of the scores 107 

for all 4 climbs was calculated as an arthritis index for each animal, with a maximum 108 

index score of 16. Besides, the thickness (mm) of the hind paw was measured using a 109 

caliper. On day 32, all mice were euthanized by intraperitoneal injection of sodium 110 

pentobarbital (200 mg/kg) [17]. Blood samples were collected from the retro-orbital 111 

venous plexus of mice. The ankle joints, synovium, synovial fluid and hearts were 112 

then harvested. 113 

Histopathological examination 114 

Synovial and heart tissues were fixed in 4% paraformaldehyde overnight, followed by 115 

paraffin-embedding for histopathological analysis. Samples were sliced into 5 μm 116 

thickness, and stained with hemotoxylin and eosin (H&E) or safranin O and fast green. 117 

The stained sections were then observed and photographed under a light microscope 118 
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(Olympus, Tokyo, Japan). Synovial inflammation and cartilage erosion were assessed 119 

and scored [18, 19]. The synovitis scoring was based on the following criteria: no 120 

synovitis (0-1), low-grade synovitis (2-4), high-grade synovitis (5-9). Cartilage 121 

erosion was determined using the Osteoarthritis Research Society International 122 

(OARSI) scoring system. The scoring standards were defined as follows: intact 123 

surface and cartilage morphology (grade 0), intact surface (grade 1), discontinuous 124 

surface (grade 2), vertical fissures (grade 3), erosion (grade 4), denudation (grade 5), 125 

and deformation (grade 6). Myocardial damage was determined and scored in 126 

accordance with the percentage of positive staining area, and the specific criteria were 127 

as follows [20]: minimal, < 25% (1); moderate, 25–50% (2); significant, 50–75% (3); 128 

severe, > 75% (4). The sum of three variables was used to represent the cardiac 129 

damage score (0-12). For evaluation of fibrosis, the heart tissue sections were stained 130 

with Masson trichrome reagent in accordance with the instruction of manufacturer. 131 

The quantitative analysis of Masson-positive staining area was done using the image 132 

analysis software (Image-Pro Plus6.0), and the percentage of positive-staining area 133 

was calculated (area of positive staining / area of tissue × 100). 134 

Immunohistochemistry 135 

Paraffin-embedded synovial samples (5 μm thick) were rehydrated and 136 

antigen-retrieved, and primary antibody (AKAP12 antibody, 1:200) was added and 137 

incubated overnight at 4℃. Incubation of horseradish peroxidase (HRP)-labeled 138 

secondary antibody (1:500) was then performed for 1 h. After staining with DBA and 139 
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hematoxylin, the slices were imaged by a microscope at 400× magnification. 140 

Quantitative PCR 141 

Primers utilized for quantitative PCR were shown in Table 1. Total mRNAs were 142 

obtained from synovial tissues, synovial fluid and hearts using TRIpure as 143 

recommended by the manufacturer. Reverse transcription was carried out using the 144 

BeyoRT II M-MLV reverse transcriptase (Beyotime, Shanghai, China). Quantification 145 

of mRNA was based on SYBR green PCR system. Mouse β-actin served as the 146 

amplification control. 147 

Western blot 148 

Mouse synovial and heart tissue samples were lysed and centrifuged, and the proteins 149 

from the supernatant were run on 10% SDS-polyacrylamide gel electrophoresis 150 

(PAGE). Proteins were then transferred onto the PVDF membranes, and the 151 

membranes were blocked with 5% skimmed milk powder for 1 hour. They were 152 

probed with primary antibody against AKAP12 (1:1000), MMP-1 (1:500), MMP-3 153 

(1:1000) or MMP-13 (1:1000), and later incubated with HRP-conjugated goat 154 

anti-rabbit secondary antibody (1:10000). Forty minutes later, the blots were 155 

visualized using ECL. Optical density value was obtained using Tanon Image 156 

Analyzer (Shanghai, China). 157 

ELISA 158 

Mouse serum anti-CII antibody and inflammatory cytokines IL-1β, IL-6, TNF-α and 159 
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IL-10 levels were determined by ELISA according to the standard methods provided 160 

by the manufacturers. 161 

Immunofluoresence double staining 162 

Sections (5 μm) prepared were incubated with first antibodies anti-CD68 (1:50), 163 

anti-CD206 and anti-CCR7 (1:100) at 4℃ overnight. The goat anti-mouse (FITC) or 164 

anti-rabbit (Cy3) secondary antibody (1:200) was added and incubated for 1.5 h in the 165 

dark. The nucleus was visualized using 4’,6-diamidino-2-phenylindole (DAPI, blue). 166 

The sections were finally mounted and photographed using fluorescence microscopy 167 

(Olympus, Tokyo, Japan). 168 

Statistical analysis 169 

The values were shown as the mean ± standard deviation (SD) from at least six 170 

independent experiments. Data analysis was done using the GraphPad Prism 8.0, 171 

GraphPad Software. Statistical comparisons between control and model were based 172 

on the unpaired Student’s t test, and differences among multiple groups were assessed 173 

using the one-way analysis of variance (ANOVA) followed by Tukey’s multiple 174 

comparisons test. P < 0.05 was pre-specified as statistically significant. 175 

Results 176 

AKAP12 expression in CIA mice 177 

CIA is a widely used animal model of RA, and the experimental design of this study 178 
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was depicted in Fig. 1A. Compared with the control group, CIA mice displayed 179 

obvious increases in arthritis scores and hind paw thickness from the 23th day to the 180 

32nd day (Fig. 1B). Fig. 1C showed the representative photographs of the injured paws 181 

of mice at day 32, and obvious swelling and redness were observed in the hind paws 182 

of CIA mice. These data suggest that RA model in mice were established successfully. 183 

We then examined the expression of AKAP12 by quantitative PCR, western blot and 184 

immunohistochemistry assays. Relative mRNA level of AKAP12 was significantly 185 

downregulated in synovial tissues and fluid of CIA mice (Fig. 1D). This finding was 186 

further supported by immunohistochemistry and western blot data (Fig. 1E and F). 187 

Loss of AKAP12 aggravates CIA development in mice 188 

To evaluate AKAP12’s function in RA, CIA mice were treated with adenovirus 189 

expressing AKAP12 shRNA. Compared with the control mice, AKAP12 shRNA 190 

caused increased clinical scores and severe paw swelling in mice (Fig. 2A and B), 191 

demonstrating that AKAP12 shRNA-treated mice develop severe CIA. AKAP12 192 

expression in synovium was silenced by adenovirus transduction of AKAP12 shRNA, 193 

as demonstrated by quantitative PCR and western blot analysis (Fig. 2C). Loss of 194 

AKAP12 increased serum anti-IIC IgG level (Fig. 2D). Histopathological 195 

examination found that CIA mice exhibited inflammatory cell infiltration in synovial 196 

tissues, cartilage destruction and bone erosion in ankle joints, which was enhanced by 197 

AKAP12 loss (Fig. 3A and B). Thus, AKAP12 loss aggravates CIA-caused joint 198 

damage in mice. 199 
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AKAP12 loss alters the inflammatory properties in CIA mice 200 

Proinflammatory cytokines are critical regulators participating in joint inflammation 201 

and cartilage degradation [21]. Levels of serum inflammatory factors were measured 202 

by ELISA. CIA mice displayed significant elevation in IL-1β, IL-6, TNF-α and IL-10. 203 

AKAP12 shRNA-treated mice showed further increases in IL-1β, IL-6 and TNF-α, 204 

but a decrease in IL-10 (Fig. 4A). Besides, the relative expression of MMP-1, MMP-3 205 

and MMP-13 was upregulated in synovial tissues of CIA mice, which further 206 

enhanced by AKAP12 loss (Fig. 4B). All these data suggest that loss of AKAP12 was 207 

capable of enhancing inflammatory response in RA. 208 

AKAP12 loss affects the phenotypic changes of macrophages in CIA mice 209 

Macrophages exhibit two main classifications, “proinflammatory” M1 and 210 

anti-inflammatory “M2” [22]. Immunofluorescence double staining for CD68 (M0 211 

macrophage marker) and CCR7 (M1 macrophage marker) was performed in the 212 

synovial tissues. A large area of CCR7 staining was observed in CIA mice, and 213 

AKAP12 loss enhanced it (Fig. 5A). IL-6, TNF-α and iNOS are the major products of 214 

M1 macrophages, and quantitative PCR results verified that loss of AKAP12 215 

significantly elevated CIA-induced increases in IL-6, TNF-α and iNOS mRNA levels 216 

(Fig. 5B). Besides, a small area of CD206 (M2 marker) staining was found following 217 

AKAP12 shRNA treatment (Fig. 6A). Loss of AKAP12 could lower the mRNA levels 218 

of IL-10 and arginase-1, two recognized markers of M2 macrophages (Fig. 6B). These 219 

findings indicate that AKAP12 loss is able to drive the phenotypic switch from M2 to 220 
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M1 macrophages. 221 

Loss of AKAP12 aggravates myocardial damage induced by CIA 222 

RA patients are at high risk for heart disease [23]. Quantitative PCR and western blot 223 

analysis confirmed that the mRNA and protein expression levels of AKAP12 were 224 

downregulated remarkably in the hearts of CIA model mice, which were decreased by 225 

AKAP12 shRNA (Fig. 7A). H&E staining of the hearts was shown in Fig. 7B. The 226 

control mice displayed normal myocardial structure. AKAP12 loss worsened 227 

CIA-caused inflammatory cell infiltration and misaligned myofibrillar structure. 228 

Masson staining in Fig. 7C demonstrated that AKAP12 shRNA-treated mice had a 229 

higher proportion of fibrosis compared to the CIA group, as manifested by strong blue 230 

collagen staining. These results indicate that AKAP12 loss may exacerbate 231 

CIA-induced cardiac failure. 232 

Discussion 233 

RA is a common inflammatory arthritis, primarily affecting synovium and joint 234 

cartilage. In our study, we investigated the potential of AKAP12 in RA progression 235 

using a CIA murine model. AKAP12 loss was found to aggravate joint swelling, 236 

inflammation and bone destruction possibly via the promotion of M1 macrophage 237 

polarization. It also damaged CIA-induced heart tissues demonstrated by enhanced 238 

cardiac fibrosis. Thus, AKAP12 may act as a potential target for the therapy of RA 239 

and its cardiac complications. 240 

Type Ⅱ collagen can induce RA-like symptoms in mice and stimulate 241 
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autoimmune and inflammatory responses [24, 25]. DBA/1 mice have been reported to 242 

have high sensitivity in CIA model [26]. Here, CIA mice displayed visible joint 243 

swelling and arthritis, similar to the features of RA. 244 

Joint damage in RA is associated with cartilage degradation and extracellular 245 

matrix destruction [27, 28]. We first confirmed that AKAP12 was low-expressed in 246 

synovial tissues and synovial fluid of CIA mice, and its loss can result in the erosion 247 

of cartilages in the synovium, indicating the importance of AKAP12 in RA. The 248 

extracellular matrix, including collagen, is the main component of articular cartilage, 249 

which can maintain the structural integrity of cartilage and homeostasis of the 250 

extracellular environment [28]. MMP family members including MMP-1, MMP-3 and 251 

MMP-13 are reported to serve as collagenases mediating the degradation of 252 

extracellular matrix [28, 29]. AKAP12 deletion elevated MMP expression in RA 253 

synovium, thereby enhancing CIA-induced matrix degradation. Besides, the 254 

production of MMPs is stimulated by inflammatory cytokines such as TNF-α and 255 

IL-1β [28]. Chronic inflammation in RA is attenuated by the decrease in 256 

proinflammatory factors IL-1β, IL-6, TNF-α and the increase in anti-inflammatory 257 

IL-10 [30, 31]. Li et al. reported the proinflammatory function of AKAP12 deletion in 258 

damaged mice [14]. Our study further confirmed that AKAP12 loss had a 259 

proinflammatory role in RA. These data support the notion that loss of AKAP12 260 

aggravates CIA-caused joint damage through promoting synovial inflammation and 261 

MMPs-mediated cartilage degradation. 262 

Macrophages are broadly distributed immune cells, and their increase in 263 
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inflamed joints is recognized as an early marker of active RA [32]. Activated 264 

macrophages drive the progression of RA by producing proinflammatory cytokines 265 

and MMPs [33, 34]. RA inflammation and tissue destruction are mediated by the 266 

polarization of synovial macrophages (proinflammatory M1 and anti-inflammatory 267 

M2) [32, 35]. Yang et al. found that AKAP12 knockdown lowers the proportion of M2 268 

macrophages by declining the expression of M2 markers CD206 and arginase 1 [11]. 269 

CCR7 is a hallmark for macrophage M1 phenotype [36, 37]. CCR7 knockout prevents 270 

CIA progression in mice [38]. Prevention of M1 macrophage polarization may be a 271 

potential therapeutic approach for RA. Consistent with previous studies, AKAP12 loss 272 

in synovium skewed macrophage polarization toward the M1 phenotype. Increased 273 

proportion of M1 macrophages was observed in CIA mice. Activated M1 274 

macrophages can produce a variety of proinflammatory cytokines including IL-6, 275 

TNF-α and iNOS, aggravating joint inflammation [39]. The proinflammatory function 276 

of AKAP12 loss was found in the synovium of CIA mice, as manifested by increased 277 

expression of proinflammatory factors and reduced anti-inflammatory mediators. 278 

These results suggest that AKAP12 loss-mediated joint damage in RA may be 279 

modulated by the polarization of M1 macrophages. The joint synovium contains a 280 

variety of cells, including the fibroblast-like synoviocytes (FLS) [40], synovial 281 

macrophages [41], and chondrocytes [42]. A limitation of our study is the lack of in 282 

vitro analysis, and whether AKAP12 functions in CIA-related cell types will be 283 

investigated in the future. 284 

Patients with RA have a high incidence of cardiovascular complications [43]. 285 
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Joint inflammation caused by CIA promotes the progression of myocardial fibrosis, 286 

contributing to heart failure development [44]. CIA mice exhibited obvious 287 

inflammatory cell infiltration and severe fibrosis in the hearts, which is in line with 288 

the finding of Wang et al. [45]. AKAP12 deletion has been reported to promote 289 

inflammatory response and cardiac fibrosis [14]. In this study, AKAP12 expression 290 

was downregulated in the hearts of CIA mice, and the profibrotic role of AKAP12 291 

loss was verified. Moreover, the accumulation of inflammatory cytokines in 292 

rheumatoid synovium can drive a series of maladaptive processes in the myocardium, 293 

thereby causing myocardial dysfunction [46]. The precise mechanisms underpinning 294 

the relationship between RA and cardiovascular diseases are not well established. Our 295 

experiments reveal that loss of AKAP12 may be detrimental to the attenuation of RA 296 

and associated cardiac failure. Cardiovascular event is one of the common 297 

complications of RA patients. Synovitis can also stimulate other systemic disorders 298 

such as osteoporosis and fracture, metabolic syndrome and pulmonary disorder [3]. 299 

Therefore, additional research is required.  300 

In conclusion, the current study uncovered that AKAP12 loss aggravated joint 301 

damage, synovial inflammation and cardiac complications in CIA mice, providing a 302 

potential therapeutic target for RA and related cardiac complications. 303 
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Table 1. Sequences of primers utilized in this study 447 

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 

Note: Fwd, Forward; Rv, Reverse 448 

  449 
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Figures and figure legend 450 

 451 

Figure 1 AKAP12 level is decreased in a CIA mouse model. Analysis of RA 452 

progression was based on a collagen-induced arthritis (CIA) mouse model. (A) 453 

Experimental procedure was shown. (B) The clinical scores were recorded and paw 454 

thickness was measured every 3 days beginning 23 days after the initial immunization. 455 

(C) Photographs of hind paws 32 days after modeling. (D) AKAP12 mRNA 456 

expression in synovial tissues and fluid was determined by quantitative PCR. (E) 457 

Immunohistochemical staining of AKAP12 in synovial tissues. (F) Representative 458 

band images of AKAP12 via western blot. Data are shown as mean ± standard 459 

deviation (SD), p-values: ** <0.01, *** <0.001. 460 
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 461 

Figure 2 Loss of AKAP12 worsens CIA progression. One day after booster 462 

immunization, the mice received Ad-shAKAP12 or Ad-shNC (once per week) via tail 463 

vein injection. (A) Clinical assessment and paw thickness measurement on day 23, 26, 464 

29 and 32. (B) Pictures of hind paws on day 32 were displayed. (C) Quantitative PCR 465 

and western blot analysis of AKAP12 expression in synovial tissues. (D) Detection of 466 

serum anti-IIC antibody level by ELISA. NT, not treated. Data are shown as mean ± 467 

standard deviation (SD), p-values: * <0.05, ** <0.01, *** <0.001; + <0.05, +++ 468 

<0.001. 469 
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 470 

Figure 3 Histopathological analysis of tissues. (A) Pathological observation of 471 

synovial tissues (H&E staining) and subsequent scoring. * indicates inflammatory 472 

infiltration of synovium. (B) Evaluation of cartilage damage (box) in ankle joints by 473 

Safranin O-fast green staining, and OARSI scoring. NT, not treated. Data are 474 

indicated as mean ± standard deviation (SD), p-values: ** <0.01; ++ <0.01. 475 
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 476 

Figure 4 Loss of AKAP12 affects the production of inflammatory cytokines and 477 

MMPs in CIA mice. (A) Serum levels of IL-1β, IL-6, TNF-α and IL-10 were 478 

detected by ELISA. (B) Western blot analysis of MMP-1, MMP-3 and MMP-13 in 479 

synovial tissues. NT, not treated. Data are shown as mean ± standard deviation (SD), 480 

p-values: * <0.05, *** <0.001; + <0.05, ++ <0.01, +++ <0.001. 481 
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 482 

Figure 5 Loss of AKAP12 modulates M1 macrophage polarization in CIA mice. 483 

(A) Representative images of immunofluoresence double staining of CD68 (green) 484 

and CCR7 (red), and quantification of the number of CD68+ macrophages and CCR7+ 485 

M1 macrophages. (B) Quantitative PCR was utilized for mRNA expression levels of 486 

IL-6, TNF-α and iNOS, three markers of M1 macrophages. Data are represented as 487 

mean ± standard deviation (SD), p-values: * <0.05, ** <0.01, *** <0.001; + <0.05, 488 

++ <0.01, +++ <0.001. 489 
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 490 

Figure 6 Loss of AKAP12 inhibits M2 macrophage polarization. (A) 491 

Immunofluoresence double staining of CD68 (green) and CD206 (red), followed by 492 

quantification of CD68+/CCR7+ macrophages. (B) Detection of M2 macrophage 493 

markers (IL-10 and arginase-1) using quantitative PCR. Data are represented as mean 494 

± standard deviation (SD), p-values: * <0.05, ** <0.01, *** <0.001; + <0.05, ++ 495 

<0.01, +++ <0.001. 496 
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 497 

Figure 7 Loss of AKAP12 worsens cardiac damage of CIA mice. (A) Quantitative 498 

PCR and western blot assays were performed to measure AKAP12 expression level in 499 

hearts. (B, C) Representative photographs showed H&E and Masson’s trichrome 500 

staining of heart tissues, and assessment of heart damage and fibrosis (scoring). NT, 501 

not treated. Data are represented as mean ± standard deviation (SD), p-values: * <0.05, 502 

** <0.01, *** <0.001; ++ <0.01, +++ <0.001. 503 
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