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Abstract 19 

Adipose tissue inflammation is now considered to be a key process underlying 20 

metabolic diseases in obese individuals. However, it remains unclear how adipose 21 

inflammation is initiated and maintained or the mechanism by which inflammation 22 

develops. We found that microRNA-802 (miR-802) expression in adipose tissue is 23 

progressively increased with the development of dietary obesity in obese mice and 24 

humans. The increasing trend of miR-802 preceded the accumulation of macrophages. 25 

Adipose tissue-specific knockout of miR-802 lowered macrophage infiltration and 26 

ameliorated systemic insulin resistance. Conversely, the specific overexpression of 27 

miR-802 in adipose tissue aggravated adipose inflammation in mice fed a high-fat diet. 28 

Mechanistically, miR-802 activates noncanonical and canonical NF-κB pathways by 29 

targeting its negative regulator, TRAF3. Next, NF-κB orchestrated the expression of 30 

chemokine and SREBP1, which translated into strong recruitment and M1-like 31 

polarization of macrophages. Our findings indicate that miR-802 endows adipose tissue 32 

with the ability to recruit and polarize macrophages, which underscores miR-802 as an 33 

innovative and attractive candidate for miRNA-based immune therapy for adipose 34 

inflammation. 35 

Keywords: Obesity, adipose inflammation, Macrophage, miR-802, NF-κB pathway, 36 

lipogenesis 37 

Introduction 38 
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Obesity is a very powerful health determinant or indicator that facilitates the 39 

development and progression of several metabolic diseases, including insulin resistance 40 

and type 2 diabetes(1, 2). Adipose tissue is a highly dynamic metabolic organ that plays 41 

a central role in the regulation of energy homeostasis and controls glucose metabolism 42 

and insulin sensitivity(3, 4). A hallmark of obesity is low-grade chronic inflammation 43 

in adipose tissue, marked by the accumulation of macrophages and other immune cells 44 

and by an increase in the levels of pro-inflammatory cytokines(5-7). Persistent adipose 45 

tissue inflammation is now considered to have a pivotal role in obesity-associated 46 

insulin resistance(8, 9). Resetting the immunological balance in obesity could represent 47 

an innovative approach for the management of insulin resistance and diabetes(10, 11). 48 

However, the early triggers and signals that sustain adipose tissue inflammation in 49 

obesity remain elusive, limiting our ability to effectively intervene this growing public 50 

health issue. 51 

Macrophages accumulate in the adipose tissue of obese mice and humans, where 52 

they form crown-like structures surrounding dying or dead adipocytes and are key 53 

contributors to inflammation and obesity-induced insulin resistance(12, 13). The 54 

number of adipose tissue macrophages is tightly linked to the degree of insulin 55 

resistance and metabolic dysregulation(14, 15). Ablation of pro-inflammatory adipose 56 

tissue macrophages leads to a rapid improvement in insulin sensitivity and glucose 57 

tolerance, associated with marked decreases in local and systemic inflammation in 58 

obese mice(16, 17). Targeting the major inflammatory pathways is sufficient to 59 
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counteract obesity-related systemic inflammation and insulin resistance(18, 19). 60 

However, the molecular links between lipid-overloaded adipocytes and inflammatory 61 

macrophages in obese adipose tissue remain elusive. 62 

MicroRNAs (miRNAs) are small non-coding RNAs that post transcriptionally 63 

regulate gene expression by binding to specific regions of target genes to prevent 64 

translation or promote mRNA degradation(20). Emerging evidence suggests that 65 

miRNAs are key regulators in a variety of important metabolic organs and substantial 66 

contributors to the pathogenesis of complex diseases, including obesity-associated 67 

metabolic diseases(21, 22). In the adipose tissue, miRNAs have dramatic effects on 68 

regulating the pathways that control a range of processes including lipogenesis, 69 

inflammation, and insulin signaling(23, 24). Moreover, mice with alterations in the 70 

levels of miRNAs in adipocytes show significantly enhanced inflammation and insulin 71 

resistance after feeding with a high-fat diet (HFD), further confirming the contribution 72 

of miRNAs to obesity-induced phenotypes(25, 26). Therefore, adipose-derived 73 

miRNAs hold great promise for understanding adipose tissue dysfunction and the 74 

relationship between chronic inflammation and obesity and insulin resistance. 75 

In this study, we demonstrated that microRNA-802 (miR-802) promotes inter-76 

cellular communication between lipid-overloaded adipocytes and macrophages, 77 

ultimately leading to adipose tissue inflammation and insulin resistance. Adipocyte 78 

miR-802 levels are positively associated with obesity in mice and humans. Adipose 79 

tissue-specific overexpression of miR-802 in mice fed an HFD exhibited increased 80 
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severity of systemic insulin resistance compared with wild-type (WT) mice, which was 81 

accompanied by macrophage infiltration and a marked increase in adipose tissue 82 

inflammation. Adipose tissue-specific knockout of miR-802 achieved the opposite 83 

result. Co-culture and other in vitro experiments revealed a vicious cycle of interactions 84 

between macrophages and adipocytes ectopically expressing miR-802. We established 85 

that miR-802 expression is an inflammatory signal in adipocytes, and this effect occurs 86 

through sensitization of the NF-κB signaling pathway. Altogether, our data raise the 87 

possibility that manipulation of this microRNA action axis has therapeutic potential for 88 

treating adipose inflammation. 89 

Results 90 

miR-802 elevation precedes macrophage accumulation  91 

Consistent with previous studies from our and other laboratories(27, 28), adipose 92 

from obesity mice showed significantly higher miR-802 expression than those from 93 

normal mice. To evaluate whether miR-802 is involved in adipose inflammation and 94 

insulin resistance, we examined the expression profile of miR-802. we observed that 95 

miR-802 progressively increased in adipose tissue from week 4 with the development 96 

of obesity in mouse models of genetic and dietary obesity (Figure 1A, B and Figure 97 

S1A, B). We next compared the expression of miR-802 in different adipose depots and 98 

found that it was the highest in epididymal white adipose tissue (epiWAT) (Figure 1C). 99 

We further isolated mature adipose tissue and stromal vascular fraction (SVF) from 100 

epiWAT to examine the expression of miR-802. We found that miR-802 expression was 101 
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substantially higher in mature adipocytes than in SVF in both mice fed a normal chow 102 

diet (NCD) and those fed an HFD (Figure 1D). Through in vitro experiments, we found 103 

that miR-802 was dramatically increased in the insulin resistance cell models (Figure 104 

1E, F and Figure S1C, D). These findings suggest that upregulation of miR-802 in 105 

adipocytes may be functionally involved in the pathogenesis of obesity-associated 106 

disorders. 107 

Initial studies have indicated that macrophages are responsible for most 108 

inflammatory events in adipose tissue (12, 13). However, what initiates macrophage 109 

infiltration or the resultant inflammatory cascade is still not well defined. We 110 

hypothesized that the elevation of miR-802 in adipocytes is associated with adipose 111 

inflammation and insulin resistance. To test this idea, we examined the correlation 112 

between miR-802 elevation and macrophage infiltration during the progression of diet-113 

induced obesity (DIO). We first carried out a set of flow cytometric analyses to 114 

determine the dynamic alterations of macrophages in collagenase-digested SVF from 115 

epiWAT. From week 8, the number of double positive CD11b/F4/80 macrophages 116 

gradually increased in obese mice (Figure 1G, Figure S1E). Immunohistochemical 117 

analysis of F4/80 expression also revealed that the number of macrophages continued 118 

to increase in the epididymal fat pads of obese mice as compared to that in mice on a 119 

normal diet (Figure 1H). The dynamic increase in miR-802 preceded the infiltration of 120 

macrophages, indicating that miR-802 may play a critical role in the occurrence of 121 

adipose inflammation. 122 
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To gain additional insight into the clinical importance of miR-802 in obese fat, we 123 

analyzed the expression of miR-802 in samples of human subcutaneous adipose tissue. 124 

Levels of miR-802 expression were significantly higher in obese subjects (body mass 125 

index [BMI]=38.30±5.82 kg/m2, fasting plasma glucose=8.39±1.54 mM, homeostatic 126 

model assessment for insulin resistance (HOMA-IR)=3.77±1.97) than in lean ones 127 

(BMI=20.55±0.97 kg/m2, fasting plasma glucose=4.84±0.53 mM, HOMA-128 

IR=0.21±0.06) (Figure 1I and Figure S1F). Pearson’s correlation analysis showed that 129 

the BMI and HOMA-IR were positively associated with miR-802 abundance in 130 

subcutaneous fat (Figure 1J, K). The same phenomenon was also observed in RNA-131 

FISH analysis (Figure S1G), indicating that upregulation of miR-802 in the adipose 132 

tissue during obesity is conserved in humans. 133 
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 134 

Adipose-selective overexpression of miR-802 aggravates inflammatory cascade in 135 

obese mice 136 

To further assess the role of adipocyte miR-802, we generated adipose-selective 137 

miR-802 KI mice by crossing miR-802ki/ki mice (27) with animals expressing Cre 138 

recombinase under the control of the promoter of adiponectin (Figure S2A, B). Real-139 
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time PCR analysis confirmed that the overexpression of miR-802 was restricted in the 140 

adipose tissues of the miR-802 KI mice, miR-802 expressions were up-regulated about 141 

150 times, whereas its expression in other organs was not affected (Figure S2C), and 142 

the upregulation of miR-802 was limited to adipocytes and were not observed in SVFs 143 

(Figure S2D). There was no obvious difference in food intake, body weight, glucose 144 

content, and adiposity between miR-802 KI mice and their WT littermates in both male 145 

and female when they were fed with NCD (Figure S2E-H). We then fed the mice an 146 

HFD and performed metabolic and histological analyses. We detected the presence of 147 

adipose inflammation, typified by macrophage crown-like structures (CLSs) in 148 

epiWAT at 8 weeks in miR-802 KI mice, which was earlier than their WT littermates, 149 

and the number of CLSs was almost doubled at 16 weeks (Figure 2A). No change of 150 

CLSs was between two groups fed with NCD (Figure S2I). Consistently, flow 151 

cytometric analysis showed that HFD-induced elevation in the number of 152 

CD11b+F4/80+ macrophages in the SVF of epiWAT in adipose-specific miR-802 KI 153 

mice was significantly higher than that in WT littermates in both male and female 154 

(Figure 2B and Figure S2J). In miR-802 KI mice fed on HFD for 16 weeks, the number 155 

of classically activated proinflammatory M1 macrophages (defined as CD86+CD206-) 156 

was significantly higher than that of alternatively activated anti-inflammatory M2 157 

macrophages (defined as CD86-CD206+) in epiWAT (Figure 2C and Figure S2K). In 158 

line with this finding, epiWAT from dietary-obese miR-802 KI mice exhibited 159 

obviously higher mRNA expression of the M1 macrophage–related genes (Ccl2, Il-1β, 160 
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Il-6, Tnf-α, Inos, and Ifn-γ) but significant reductions of M2 macrophage–related genes 161 

(Il-10, Ym1, Arg1, and Fizz1) (Figure 2D). Similarly, HFD also increased the level of 162 

several inflammatory factors (chemokine ligand 2 [CCL2], interleukin [IL]-1β, IL-6, 163 

and tumor necrosis factor [TNF]-α) in the serum of miR-802 KI mice (Figure 2E-H). 164 

We next explored whether the aggravation of adipose inflammation in adipose-165 

selective miR-802 KI mice in both male and female were associated with exacerbation 166 

of metabolism and insulin sensitivity. We found that in miR-802 KI mice, HFD induced 167 

weight gain (Figure 2I and Figure S2L) and hyperglycemia (Figure 2J) both in male 168 

and female. HFD also induced adiposity in miR-802 KI mice, which mainly manifested 169 

in the expansion of visceral WAT (Figure 2K, L). MRI analysis confirmed that HFD 170 

induced an increase in visceral WAT in miR-802 KI mice (Figure 2M). We next 171 

monitored the dynamic changes in insulin sensitivity at different time points (0, 4, 8, 172 

16, and 30 weeks) after feeding the two groups of mice with an HFD. As expected, 173 

miR-802 KI mice on a HFD exhibited progressive development of glucose intolerance 174 

(Figure 2N and Figure S2M-Q) and insulin resistance (Figure 2O and Figure S2R-V) 175 

at 8 weeks, as compared to their WT littermates. These differences became even more 176 

obvious after 16 and 30 weeks, coupled with an increase in fasting insulin levels (Figure 177 

2P) and HOMA-IR (Figure 2Q). Collectively, these effects of adipose-selective 178 

overexpression of miR-802 show that miR-802 is required for the recruitment of 179 

macrophages into obese adipose tissue and for the initiation and propagation of the 180 

inflammatory cascade.  181 
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 182 

miR-802 depletion ameliorates obesity-induced metabolic dysfunction 183 

Given the striking effects of adipose-selective overexpression of miR-802 on 184 

metabolism, we next investigated whether selectively ablated miR-802 in adipose tissue 185 
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could improve metabolic disturbance and inflammation induced by obesity. We 186 

generated miR-802 conditional knockout mice using the Cre/Lox system (Figure S3A). 187 

miR-802fl/fl were crossed with Adipoq-Cre transgenic animals to selectively ablate miR-188 

802 in adipose tissues (Figure S3B). Expression analysis showed that total miR-802 189 

levels were reduced by approximately 70% in the adipose tissue but not in SVFs of 190 

miR-802 KO mice compared with WT littermates (Figure S3C, D). The knockout of 191 

miR-802 in adipose tissue did not alter food intake, body weight, glucose level, and 192 

adiposity (data not shown); however, this approach could prevent HFD-induced weight 193 

gain and hyperglycemia (Figure 3A, B and Figure S3E). Adipose-selective ablation of 194 

miR-802 also alleviated HFD-induced adiposity, mainly by reducing the expansion of 195 

visceral WAT, including epiWAT and retro-peritoneal WAT (Figure 3C, D). MRI 196 

analysis confirmed this result (Figure 3E). Histological and FACS analysis showed that 197 

miR-802 depletion reduced macrophage infiltration, which mainly manifested as a 198 

decrease in the number of CLSs and macrophages (Figure 3F, G and Figure S3F), but 199 

had little effect between two groups fed with NCD (Figure S3G). Notably, the miR-802 200 

KO mice exhibited obvious reductions in mRNA expression of the M1 macrophage-201 

related genes (Ccl2, Il-1β, Il-6, Tnf-α, Inos, and Ifn-γ) but significant upregulation of 202 

M2 macrophage-related genes (Fizz1, Ym1, Arg1, and Il-10) (Figure 3H). The miR-802 203 

KO mice also markedly blunted HFD-induced elevation in serum levels of several 204 

inflammatory factors (TNF-α, IL-6, IL-1β, and CCL2) (Figure 3I). In addition, the 205 

insulin resistance and glucose intolerance induced by an HFD were ameliorated by miR-206 
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802 depletion (Figure 3J, K and Figure S3H-M). These phenomena were the same both 207 

in male and female miR-802 KO mice. 208 

We next examined the activity of miR-802 in obese adipose tissues in which 209 

inflammation had already been established. We performed the acute deletion of 210 

adipocyte miR-802 that did not influence whole-body weight. To address this question, 211 

we depleted miR-802 in eWAT using an approach of adeno-associated virus (AAV, 212 

miR-802eWAT KO) to 16-week-old DIO mice that had been fed an HFD since they were 213 

4 weeks old (Figure S3N). After 7 days, we detected 70% lower expression of miR-802 214 

compared with the control in the epididymal fat pad; miR-802 expression was 215 

unaffected in other organs (Figure S3O). The weight and the number of CLSs were 216 

lowered with miR-802 sponge treatment (Figure S3P, Figure 3L), and the reduction in 217 

macrophage infiltration was confirmed by CD11b and F4/80 flow cytometry analysis 218 

(Figure 3M, Figure S3Q). Phenotypic analysis indicated that miR-802 inhibitor also 219 

lowered the M1 (CD86+CD206-) macrophage fraction, while it increased the M2 220 

macrophage (CD206+CD86-) fraction (Figure 3N). DIO led to upregulated mRNA 221 

expression of proinflammatory cytokines (IL-1β, IL-6, and TNF-α) in the adipose tissue 222 

that was suppressed in the miR-802eWAT KO mice (Figure 3O). miR-802 inhibitor 223 

treatment also ameliorated insulin resistance and glucose intolerance in DIO mice 224 

(Figure 3P, Q). These results clearly show that miR-802 inhibitor treatment suppresses 225 

preexisting adipose inflammation, which strongly suggests that miR-802 is required for 226 

the maintenance of inflammatory reactions in obese adipose tissue. 227 
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 229 

Interplay between miR-802 ectopically expressed adipocytes and macrophages 230 

We next analyzed the cellular interplay via which inflammation develops in obese 231 

adipose tissue. Based on the findings of the in vivo experiments summarized above, we 232 

hypothesized that obese adipose tissue upregulates miR-802, and miR-802-233 

overexpressing adipocytes in turn recruit and activate macrophages. To test this 234 

hypothesis, we first co-cultured isolated primary macrophages with WAT SVF cells 235 

isolated from lean or obese mice to determine whether obese adipose tissue can affect 236 

macrophages (Figure 4A). EdU assays and flow cytometric analysis showed that obese 237 

WAT SVF induced the proliferation of macrophages, whereas lean fat did so only 238 

mildly (Figure S4A, B). Transwell co-culture further showed that obese WAT SVF also 239 

promoted macrophage migration and invasion (Figure 4B). We next explored the 240 

effects of obese WAT SVF on the characteristics of macrophages. After co-culture 241 

macrophages and WAT SVF of obese mice, isolated primary macrophages had elevated 242 

expression of classical activation (M1-like) marker CD86, whereas the alternative 243 

activation marker (M2-like) CD206 was decreased (Figure 4C). The results of ELISA 244 

indicated that obese WAT SVF-induced macrophages were predominantly polarized to 245 

pro-inflammatory macrophages (Figure 4D). When we plated primary macrophages in 246 

Boyden chambers and treated them with a medium conditioned with obese WAT SVF 247 
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or lean WAT SVF, the number of macrophages that migrated through the pores between 248 

chamber wells with obese WAT SVF conditioned medium was significantly higher 249 

than the number of cells cultured in lean WAT SVF conditioned medium (Figure 4E). 250 

ELISA results showed that conditioned medium of obese WAT SVF can secrete more 251 

humoral factors known to induce macrophage migration, especially CCL2 (Figure 4F). 252 

To further confirm the function of miR-802 in adipose tissue, the adipocyte cell 253 

line 3T3-L1 was transfected with miR-802 mimics (miR-802) or miR-802 inhibitor 254 

(anti-miR-802). We then explored the effect of miR-802 ectopically expressed 3T3-L1 255 

cells on the macrophage cell line RAW 264.7 in co-culture. The knockdown and 256 

overexpression efficiencies were approximately 80% and 240-fold, respectively 257 

(Figure S4C). First, we found that miR-802-overexpressing 3T3-L1 cells had no effect 258 

on the proliferation and lipid droplet production of RAW 264.7 cells (Figure S4D, E, 259 

F). However, miR-802-overexpressing 3T3-L1 cells promoted the migration and 260 

invasion of RAW 264.7 cells, whereas 3T3-L1 cells knocked down by anti-miR-802 261 

had the opposite effect (Figure 4G). miR-802 mimics-transfected 3T3-L1 cells also 262 

promoted RAW 264.7 cells M1-like polarization (Figure 4H). We also found higher 263 

level of CCL2 in the medium conditioned with miR-802-overexpressed 3T3-L1 cells 264 

(Figure S4G). Collectively, the results of the co-culture experiments showed that the 265 

interaction between miR-802 ectopically expressed adipocytes and macrophages is 266 

crucial for the initiation and propagation of adipose tissue inflammatory cascades. 267 
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 268 

miRNA-802 promotes adipose tissue inflammation and insulin resistance by 269 

targeting TRAF3 270 
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To better understand the role of miR-802 in regulating macrophage-mediated 271 

adipose tissue inflammation and insulin resistance, we next set out to identify the target 272 

genes of miR-802 in adipocytes. For that, we utilized RNA-sequencing of samples 273 

derived from the epiWAT of miR-802 KI mice and their WT littermates. A total of 191 274 

differentially expressed genes were identified. The cutoff criteria for significant 275 

differentially expressed genes were log fold change > 2 and adjusted p value < 0.05. 276 

We identified 29 upregulated genes and 57 downregulated genes (Figure 5A left, 277 

Supplementary Table 2). Then, we combined the multiMiR database(29) with 278 

prediction programs (TargetScan Release 7.0 and miRPathDB) to predict possible 279 

targets of miR-802. Among 18 tested potential targets, TNF receptor-associated factor 280 

3 (Traf3) was identified as a genuine target of miR-802, which was among the genes 281 

that were significantly downregulated in miR-802 KI versus WT epiWAT (Figure 5A 282 

right, Figure S5A). Indeed, we observed that TRAF3 was decreased in both mRNA and 283 

protein levels in obese humans and in various obese mice (Figure 5B, C and Figure 284 

S5B, C). The targeting potential between miR-802 and Traf3 was also observed in miR-285 

802 KI and miR-802 KO mice (Figure 5D and Figure S5D). We then demonstrated miR-286 

802 binding to the Traf3 3’-UTR by transiently co-expressing luciferase reporter 287 

fusions of Traf3 and miR-802 mimics in 3T3-L1 cells. The results of these co-288 

transfection experiments indicated that the relative luciferase activity in Traf3 3’-UTR-289 

expressing cells was significantly inhibited by miR-802, whereas other Traf3 3’-UTR 290 

fusions that contained mutations (Traf3-MUT) in miR-802 binding sites were 291 
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unaffected (Figure 5E). Consistent with these findings, the ectopic expression of miR-292 

802 in 3T3-L1 cells effectively regulated the mRNA and protein levels of endogenous 293 

Traf3 (Figure 5F). Moreover, we conducted anti-Ago2 RIP in 3T3-L1 cells, which 294 

transiently overexpressed miR-802. Endogenous Traf3 pulldown by Ago2 was 295 

specifically enriched in miR-802-transfected cells (Figure 5G) and vice versa (Figure 296 

S5E). Overall, these data suggest that Traf3 is a direct target of miR-802. 297 

To address whether the increase in inflammation and insulin resistance in miR-802 298 

KI mice was attributable to decreased Traf3, 8-week-old male miR-802 KI mice were 299 

given AAV-Adipoq-Traf3 (miR-802 KI & Traf3eWAT KI) through epididymal fat pad. At 300 

1 week after injection of adeno-associated virus (AAV) expressing Traf3, Traf3 301 

expression in the epiWAT of miR-802-KI mice was increased to a level similar to that 302 

in WT mice (Figure 5H). Notably, upregulation of Traf3 led to significant decreases in 303 

the counts of total macrophages (Figure 5I and Figure S5F) and M1 macrophages 304 

(Figure 5J and Figure S5G) in the epiWAT of HFD-fed miR-802 KI mice compared 305 

with those treated with AAV8-vector. Coherently, the increased expression of M1 306 

macrophage-associated proinflammatory factors (Tnfα, Il-6, Inos, Il-1β, and Ifn-γ) in 307 

the epiWAT of HFD-fed miR-802 KI mice was reversed by the AAV-mediated 308 

upregulation of Traf3 (Figure 5K). In addition, Traf3eWAT KI reversed the weight gain 309 

(Figure 5L), hyperglycemia (Figure 5M), and adiposity (Figure 5N) induced by 310 

overexpression of miR-802. MRI analysis further confirmed that Traf3 can reverse the 311 

increase in visceral fat caused by miR-802 (Figure S5H). Consistent with these findings, 312 
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upregulation of Traf3 led to restoration of glucose intolerance (Figure 5O) and insulin 313 

resistance (Figure S5I) after 16 weeks of Traf3eWAT treatment in HFD-fed miR-802 KI 314 

mice, coupled with a decrease in fasting insulin levels (Figure S5J) and ameliorative 315 

HOMA-IR (Figure 5P). Taken together, these findings support the notion that elevated 316 

miR-802 induces macrophage recruitment and polarization at least partly via 317 

downregulation of Traf3, thereby leading to adipose tissue inflammation and insulin 318 

resistance. 319 
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 320 

miR-802 activates noncanonical and canonical NF-κB pathways leading to 321 

macrophage recruitment 322 
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To further unravel the mechanism by which inhibition of TRAF3 expression 323 

induces adipose tissue inflammation, we looked for TRAF3 downstream cascades. 324 

Several studies have suggested that TRAF3 negatively regulates the noncanonical NF-325 

κB pathway(30-32), which is consistent with the KEGG analysis based on our RNA-326 

seq results (Figure S6A). This prompted us to measure NF-κB inducing kinase (NIK) 327 

protein levels and to explore the processing of p100 to p52. To test whether miR-802 is 328 

required for the suppression of NIK protein levels, western blot analysis of NIK was 329 

performed on miR-802-overexpressed 3T3-L1 cells and miR-802 ectopically expressed 330 

adipose tissue. As shown in Figure 6A and B, profound accumulation of NIK was 331 

observed in all cells with overexpression of miR-802, which correlated well with 332 

decreased TRAF3. miR-802 selectively ablated adipose tissues showed the opposite 333 

result (Figure S6B). Processing of the p100 precursor to p52, the hallmark of 334 

noncanonical NF-κB activation, was also assessed by immunoblotting. Although 3T3-335 

L1 cells exhibited the normal kinetics of p100 processing with substantial p52 336 

accumulation by 48 h after treatment with the empty vector, miR-802-overexpressing 337 

3T3-L1 cells and miR-802 selectively overexpressed adipose tissues showed 338 

constitutive and total processing of the p100 precursor protein (Figure 6C, D). On the 339 

contrary, there was less accumulation of p52 in miR-802 selectively deleted adipose 340 

tissue (Figure S6C). As expected, IKK-α phosphorylation levels were also enhanced in 341 

3T3-L1 cells and in the epiWAT of miR-802 KI mice (Figure 6E, F and Figure S6D). 342 

To confirm that miR-802 activates the noncanonical NF-κB pathway through TRAF3, 343 
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Traf3 plasmid was transfected into miR-802-overexpressing 3T3-L1 cells, then NIK 344 

protein levels and processing of p100 to p52 were again assessed by immunoblotting. 345 

As shown in Figure 6G, Traf3 restored the levels of NIK and the processing of p100 to 346 

p52 in miR-802-overexpressing 3T3-L1 cells. Moreover, these results were confirmed 347 

in miR-802 KI mice (Figure 6H), indicating that miR-802 regulated the noncanonical 348 

NF-κB pathway via TRAF3. 349 

Previous studies have suggested that TRAF3 also suppresses activation of the 350 

canonical NF-κB pathway (33, 34). To verify whether miR-802 can regulate the 351 

canonical NF-κB pathway through TRAF3, nuclear extract was harvested from the 352 

adipose tissue of 16-week-old WT and mice with adipose-selective forced expression 353 

of miR-802. NF-κB activation status was then assessed by measuring p65, IκBα, and 354 

some major targets associated with the pathway. As shown in Figure 6I, p65 and IκBα 355 

were phosphorylated, and some major targets of canonical NF-κB signaling, such as 356 

MnSOD, FAS, and iNOS, were activated in miR-802 KI mice. As expected, the 357 

activation of canonical NF-κB signaling in miR-802 KI mice was partially reversed by 358 

overexpression of Traf3 (Figure 6J). To assess the potential impact of heightened NF-359 

κB activity, we harvested mRNA from the adipose tissue of WT and miR-802 KI mice 360 

and analyzed the expression levels of multiple noncanonical and canonical NF-κB 361 

pathway target genes(35, 36) using qRT-PCR. Here, we observed that the expression 362 

levels of Ccl2, Ccl3, Ccl5, Ccl20, and Cxcl2 were elevated in the adipose tissue of miR-363 

802 KI mice (Figure 6K), which is consistent with ELISA results using the serum of 364 
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miR-802 KI mice (Figure 6L). Taken together, these data indicate that miR-802 365 

activates the noncanonical and canonical NF-κB pathways via TRAF3, leading to 366 

macrophage recruitment. 367 

 368 
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miR-802 promotes lipid synthesis and M1 macrophage polarization in adipose 369 

tissue through activating SREBP1 370 

The mechanism of an miR-802 increasing M1 polarization by inducing NF-κB 371 

pathways remains unclear. To better understand the role of miR-802 in regulating 372 

macrophage polarization, we performed transcriptome sequencing using epiWAT 373 

derived from miR-802 KI mice. In the adipose tissues of miR-802 KI mice, the 374 

expression of 191 mRNAs was significantly altered compared to that of mRNAs in WT 375 

mice, of which the expression of 75 mRNAs increased (Figure 7A, Supplementary 376 

Table 2). We found that seven mRNAs were upregulated more than 10-fold (Figure 7A, 377 

right), and these mRNAs were annotated using UCSC and Ensemble. Among these 378 

upregulated genes, we focused on the lipogenic gene sterol regulatory element-binding 379 

protein 1 a (SREBP1a), which is involved in fatty acid synthesis and lipid droplet 380 

formation(37). We verified that the mRNA levels of Srebp1a were increased in both 381 

the epiWAT of miR-802 KI mice and in 3T3-L1 cells transfected with miR-802 mimics 382 

in qRT-PCR analysis (Figure S7A and B). We also found that the mature form of the 383 

SREBP-1 protein (m-SREBP1) was significantly higher in the epiWAT of miR-802 KI 384 

and 3T3-L1 cells transfected with miR-802 mimics (Figure 7B and C). As expected, 385 

overexpression of Traf3 reduced the upregulation level of mature SREBP1 induced by 386 

miR-802 (Figure 7D). However, target gene prediction algorithms as well as luciferase 387 

reporter and Ago2-RIP assays confirmed that Srebp1a is not the direct target gene for 388 
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miR-802 (data not shown). This prompted us to verify whether Srebp1a is a downstream 389 

gene in the NF-κB pathway. 390 

For this purpose, we first predicted the nuclear factor-κB (NF-κB) family (p65, 391 

RelB, C-rel, p50, and p52) sites in the promoter of Srebp1a using JASPAR and the 392 

Promo database. Two p65 potential binding sites (B1 and B2) were found in the 393 

promoter of Srebp1a (Figure S7C). We next overexpressed p65 in 3T3-L1 cells; qRT-394 

PCR results showed that p65 could increase Srebp1a expression in 3T3-L1 cells (Figure 395 

7E). To determine whether Srebp1a is a direct p65 target gene, ChIP-qPCR assays were 396 

used. The results showed that occupancy of p65 binding site 2 (B2) on the Srebp1a 397 

promoter was significantly increased in miR-802-overexpressing 3T3-L1 cells and miR-398 

802 selectively overexpressed adipose tissues (Figure 7F and G, Figure S7D and E). 399 

We then conducted DNA pull-down assays to examine the binding of p65 to the 400 

Srebp1a promoter in vitro. We constructed two DNA probes containing −360 to −400 401 

or −1198 to −1237 that contained the predicted binding site 1 (B1) and predicted 402 

binding site 2 (B2), respectively, to detect binding to p65 in nuclear extracts. Similar 403 

findings were obtained in that the B2 DNA probe, but not the B1 DNA probe, bound to 404 

p65 in the 3T3-L1 cell line overexpressing miR-802 (Figure 7H). However, with mutant 405 

B2 (agggaatgct, Mut2), DNA pull-down results showed that p65 could not bind to Mut2 406 

(Figure 7I). Moreover, we constructed a luciferase reporter plasmid containing the 407 

Srebp1a promoter region from −1295 to +1 WT and two mutant reporter plasmids 408 

mutated in −375 to −385 (Mut1) or in −1211 to −1221 (Mut2). Overexpression of p65 409 
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significantly enhanced WT and Mut1, but not Mut2-driven luciferase in 3T3-L1 cells 410 

(Figure 7J). Taken together, these results indicated that miR-802 indirectly stimulates 411 

Srebp1a expression via the canonical NF-κB signaling pathway (Figure 7K). 412 

As previously described, Srebp1a is a well-established regulator of lipid 413 

synthesis(37). Accordingly, miR-802 overexpression significantly increased the 414 

number and fluorescence intensity of lipid droplets, which correlated well with 415 

increased SREBP1 (Figure 7L-M). Conversely, knockdown of miR-802 strongly 416 

reduced lipid droplet formation in 3T3-L1 cells and miR-802-KO mouse adipose tissue 417 

(Figure S7F and G). Lipid droplets have been shown to play a crucial role in M1 418 

macrophage polarization (38, 39). Consistent with this, we observed that adipose tissue 419 

macrophages (ATMs) of the miR-802 KI mice could engulf more lipid droplets (Figure 420 

7N, O). The elevated expression of the classical activation marker further indicated that 421 

lipid droplets induced the ATMs in miR-802 KI mice to the pro-inflammatory 422 

phenotype (Figure S7H). Altogether, these data show that miR-802 indirectly regulates 423 

lipid droplet formation through SREBP1 and ultimately promotes macrophage M1 424 

polarization. 425 
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 426 

Discussion 427 

Macrophage infiltration of adipose tissue has been described in both mice and 428 

humans during obesity. However, how lipid-loaded hypertrophic adipocytes send 429 
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signals to trigger infiltration and alter the polarization of macrophages in obesity 430 

remains poorly understood. In this study, we found that miR-802 endows adipose tissue 431 

with the ability to interact with macrophages and regulate the inflammatory cascade. 432 

Mechanistically, miR-802 recruits macrophages and drives the polarization program 433 

toward proinflammatory M1 phenotype by targeting the cytoplasmic adaptor protein 434 

TRAF3 (Figure 8). Our findings indicate that miR-802 has essential roles in the 435 

initiation and maintenance of adipose tissue inflammation and systemic insulin 436 

resistance. 437 

 438 

Adipose tissue inflammation is a hallmark of obesity and a causal factor of 439 

metabolic disorders such as insulin resistance. Mice fed an HFD frequently develop 440 

chronic low-grade inflammation within adipose tissues, characterized by increased 441 

infiltration of macrophages and the production of pro-inflammatory cytokines. Here, 442 

we showed that the increasing trend of miR-802 in adipocytes is an early event during 443 
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the development of adipose tissue obesity induced by an HFD. miR-802 expression in 444 

visceral fat was progressively increased with the development of dietary obesity, 445 

whereas adipose-selective ablation of miR-802 protected mice from exacerbation of 446 

meta-inflammation and insulin resistance caused by dietary stress. The high level of 447 

miR-802 expression in visceral fat may partly explain why this adipose depot is more 448 

prone to inflammation and is closely related to insulin resistance. miR-802 is required 449 

for adipose tissue inflammation and has major roles in macrophage recruitment and 450 

polarization. Thus, miR-802 is crucially involved in initiating inflammatory cascades 451 

in obese adipose tissue. Moreover, the finding that miR-802 inhibitor treatment 452 

ameliorated pre-established adipose inflammation in DIO mice indicates that miR-802 453 

is also essential for maintenance of the inflammatory response. Although previously 454 

studies have found that miR-802 was up-regulated in the adipose tissue during obesity 455 

(27, 28, 40, 41), while the function of miR-802 was focused on cancers(42), liver(43, 456 

44), small intestine(41) and pancreas(40). Whether miR-802 can regulate adipose 457 

function is still confused. To our knowledge, the present study is the first to directly 458 

address the functional role of miR-802 in adipose tissue inflammation. The findings that 459 

systemic insulin resistance is ameliorated by miR-802 depletion and is aggravated by 460 

adoptive transfer of miR-802 mimics strongly suggest that miR-802-dependent adipose 461 

inflammation has an impact on systemic metabolism. 462 

Like most other miRNAs, miR-802 regulates the expression of multiple genes in 463 

different tissues. In the liver, miR-802 is induced by obesity and impaired glucose 464 
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tolerance, and it attenuates insulin sensitivity by downregulation of Hnf1b(28). Genetic 465 

ablation of miR-802 in the small intestine of mice leads to decreased glucose uptake, 466 

impaired enterocyte differentiation, increased Paneth cell function, and intestinal 467 

epithelial proliferation through derepression of Tmed9(41). We recently discovered that 468 

in pancreatic islet cells, elevated miR-802 causes impaired insulin transcription and 469 

secretion by targeting NeuroD1 and Fzd5(27). In this study, we found that miR-802 470 

promotes adipose tissue inflammation and insulin resistance by targeting TRAF3 in 471 

adipocytes. As a member of the TNF receptor (TNFR) superfamily, TRAF3 plays vital 472 

roles in inflammatory responses via activation of both the canonical and noncanonical 473 

NF-κB signaling pathways(32, 33) following engagement of a variety of TNFR 474 

superfamily members such as Baff receptor, lymphotoxin β receptor, and CD40(45). 475 

Here, we found that miR-802 can regulate the NF-κB pathway by directly targeting 476 

TRAF3 rather than by activating the classic receptor, which enriches the understanding 477 

of the NF-κB pathway. 478 

Macrophage accumulation was significantly higher in adipose tissue from HFD-479 

fed miR-802 KI mice than in WT mice, suggesting that overexpression of miR-802 480 

enhances the infiltration ability of macrophages. Correspondingly, we observed that 481 

miR-802-overexpressing adipocytes released more chemokines by activating NF-κB 482 

pathway, such as CCL2, CCL5, CCL20, and CXCL2. Adipose tissue inflammation is 483 

well documented as an important contributor to systemic insulin resistance(46). This 484 

was further validated by our enhanced adipose tissue inflammatory responses in miR-485 
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802 KI mice. Moreover, HFD-fed miR-802 KI mice exhibited adipose tissue 486 

macrophage infiltration, proinflammatory cytokine expression, and NF-κB pathway 487 

activation. Genes that are crucial for meta-inflammation and insulin resistance were 488 

directly affected by the enhancement of miR-802 in adipose tissue. Thus, increased 489 

adipose tissue inflammation resulting from miR-802 overexpression contributed, in 490 

large part, to systemic insulin resistance in miR-802 KI mice. 491 

The chronic inflammation microenvironment is one of the main features of obesity. 492 

A recent study found that adipocytes can release lipid-filled vesicles that become a 493 

source of lipids for local macrophages(47). Phagocytosis or excessive accumulation of 494 

lipid droplets can induce macrophage M1 polarization(47, 48). In our study, we 495 

observed the same phenomenon, that is, in miR-802 KI mice, macrophages accumulated 496 

more lipid droplets and exhibited an inflammatory phenotype. SREBP1 has been found 497 

to promote the acute inflammatory response and lipogenesis (49, 50). Here, we found 498 

that miR-802 increased SREBP1 expression inducing lipogenesis by activating 499 

canonical NF-κB signaling pathways, then macrophage engulf lipid droplet promoting 500 

macrophage M1 polarization. This has enriched our understanding of the functionality 501 

of SREBP1 to some extent. However, miR-802 only indirectly regulates SREBP1, but 502 

it still has a considerable impact on macrophages, indicating the importance of miRNA 503 

positive or indirect regulation. 504 

Taken together, our results support the idea that obese adipose tissue activates 505 

miR-802, which, in turn, initiates and propagates inflammatory cascades, including the 506 
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recruitment of macrophages into obese adipose tissues and their subsequent induction 507 

of the inflammatory phenotype. Thus, miR-802 appears to have a primary role in obese 508 

adipose tissue inflammation. However, future studies are needed to clarify which 509 

environmental cues within obese adipose tissue initiate miR-802 elevation. The present 510 

observations indicate that miR-802 inhibitors might offer a novel approach to prevent 511 

diseases associated with insulin resistance. 512 

Materials and methods  513 

Animal studies 514 

All mice used were of mixed strain backgrounds with approximately equal 515 

contributions from C57BL/6J, with the exceptions of db/db mice (C57BLKS/J). MiR-516 

802fl/fl and miR-802ki/ki in mice were initially described in(27). To generate adipose-517 

specific miR-802 knockout and miR-802 knockin animals, we used Adipoq-Cre mice 518 

on a C57BL/6J background purchased from Jackson Laboratories. Mice were crossed 519 

with homozygous for miR-802fl/fl or miR-802ki/ki and heterozygous for Adipoq-Cre to 520 

generate Adipoq-miR-802 KO mice (miR-802 KO), Adipoq-miR-802 KI mice (miR-802 521 

KI), control miR-802fl/fl littermates or control miR-802ki/ki littermates. Studies were 522 

performed on 8-week-old male and female mice initially housed under standard 523 

conditions with full access to standard mouse chow and water. After this time, mice 524 

were switched to a 60% high-fat diet (HFD) or normal chow diet (NCD) consisting of 525 

a 10% fat diet for 30 weeks. All mice had free access to food and water ad libitum. 526 

Animals were housed in a temperature-controlled environment with a12 h dark–light 527 
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cycle. At the end of the 30-week period, mice were euthanized via overdose of 528 

isoflurane anesthesia, and tissues were immediately weighed, dissected, and frozen in 529 

liquid nitrogen. Tissue samples were stored at -80 °C until use. Care of all animals was 530 

within institutional animal-care committee guidelines, and all procedures were 531 

approved by the animal ethics committee of China Pharmaceutical University (Permit 532 

Number: 2162326) and were in accordance with the international laws and policies 533 

(EEC Council Directive 86/609,1987). 534 

For administration of AAV8-Adipoq-miR-802 sponge vector, AAV8-Adipoq-535 

Traf3 vector to epididymal adipose tissue, mice were anesthetized with pentobarbital 536 

sodium (60 mg/kg) intraperitoneally and the laparotomy was performed. Each 537 

epididymal fat pad was given 8 injections of 5 uL (1 × 1013 viral genome copies) of 538 

AAV solution. 539 

Human adipose samples of lean and overweight individuals 540 

Adipose and clinicopathological data were collected from Sir Run Run Hospital, 541 

Nanjing Medical University (Nanjing, China). All patients enrolled in this study were 542 

obese (BMI > 25). The negative controls were normal-weight individuals (20 ≤ BMI ≤ 543 

25). All human subjects provided informed consent. All human studies were conducted 544 

according to the principles of the Declaration of Helsinki and were approved by the 545 

Ethics Committees of the Department Sir Run Run Hospital (Nanjing, China, 2023-SR-546 

046). The clinical features of patients are listed in Supplementary Table 1. 547 

Adipose sample preparation 548 
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SVF and mature adipocytes were obtained as follows: adipose tissue samples were 549 

digested with collagenase type 1 in Krebs-RingerHenseleit (KRH) buffer for 30 min at 550 

37°C. Cell suspensions containing mature adipocytes and SVF were then filtered with 551 

nylon mesh and washed three times with KRH buffer. Mature adipose was floated to 552 

the surface and the remaining solution containing the SVF was centrifuged at 1500 rpm 553 

for 5 min. The pellet was washed with pre-adipocyte growth medium (DMEM-F12 554 

supplemented with 10% calf serum and 1% penicillin-streptomycin), followed by a 555 

second centrifugation. SVF cells were then cryopreserved using a freezing medium 556 

(DMEM-F12 supplemented with 60% FBS and 10% DMSO). The medium was added 557 

to the pellet and frozen with a temperature gradient (−1°C/minute) and stored in liquid 558 

nitrogen until analysis. Following collection, whole adipose tissue samples were 559 

quickly frozen in liquid nitrogen and stored until analysis. 560 

3T3-L1 cell culture and differentiation 561 

3T3-L1 cells were cultured in DMEM (Gibco) containing 10% calf serum with 562 

high glucose at 37 °C, 5% CO2 and full saturation humidity until they reached 80%-90% 563 

confluence, at which point the media was changed to the first differentiation medium 564 

containing high glucose DMEM, 10% FBS, 0.5 mM 3-isobutyl-1-methylxanthine 565 

(IBMX), 1 μM dexamethasone and 10 μg/ml insulin for 48 h, then the media was 566 

changed to the terminal differentiation cocktail containing high glucose DMEM, 10% 567 

FBS, and 10 μg/ml insulin for 48 h. 568 
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The insulin-resistant cell models were established in mature 3T3-L1 and mature 569 

WAT SVF cells by 0.5 mM palmitate, 10 μg/ml insulin and 25 mM glucose for 24 h. 570 

Resident peritoneal macrophage isolation and culture 571 

For 2 d, 1.0 ml of sterile 4% thioglycolate medium (Sangon Biotech, China) was 572 

injected into the peritoneal cavity of C57BL/6J mice. Then, resident peritoneal 573 

macrophages were obtained via peritoneal lavage with 5 ml lavage solution (PBS 574 

(Sangon Biotech) supplemented with 5 mM EDTA and 4% FBS). Lavages of the same 575 

genotype were pooled and resuspended in complete medium (RPMI 1640 576 

supplemented with 10% FBS, 100 U/ml penicillin, 10 μg/ml streptomycin, and 400 μM 577 

L-glutamine [Invitrogen]). Typically, the cells were plated and left to adhere for 3 h at 578 

37°C, 5% CO2 before being washed two times with warm complete medium. The cells 579 

were plated on transwell permeable supports or 24-well plates and co-cultured with 580 

SVF cells. 581 

Migration and invasion assays  582 

The 3T3-L1 cells or SVF cells were evenly plated in 24-well plates. To 583 

differentiate mature cells, migration and invasion assays were performed using a 584 

transwell chamber (Millipore, Billerica, MA, USA). For the migration assay, RAW 585 

264.7 macrophage cells were seeded in the upper chamber with serum-free medium 586 

(1.0×105 cells); the bottom chamber contained mature 3T3-L1 cells. For the invasion 587 

assay, the chamber was coated with Matrigel (BD Biosciences, Franklin Lakes, NJ, 588 

USA); the subsequent steps were similar to the migration assay. After the cells migrated 589 
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or invaded for 24 h, they were fixed and stained with crystal violet. Migrated and 590 

invaded RAW 264.7 cells were counted under an inverted light microscope. The 591 

number of migrated or invaded cells was quantified by counting the number of cells 592 

from 10 random fields at ×100 magnification. 593 

RNA-sequencing analysis 594 

Total RNA from epididymis white adipose tissue of wide type control mice (n=3) 595 

and miR-802 KI mice (n=3) was isolated using the RNeasy mini kit (Qiagen) following 596 

the protocol. The quality of the samples, the experiment, and the analysis data was 597 

completely finished by the HaploX (Shangrao, China). Cuffdiff (v2.2.1) 51 was used 598 

to calculate the fragments per kilobase million (FPKM) for mRNAs in each group. A 599 

difference in gene expression with a p value ≤ 0.05 was considered significant. The raw 600 

data is presented in Supplementary Table 2. The RNA-seq raw data that support the 601 

findings of this study has been deposited in the NCBI’s Sequence Read Archive (SRA) 602 

database (PRJNA1021754).  603 

Fluorescence in situ hybridization (FISH) 604 

Cy3 labeled miR-802 probe was designed and synthesized by GenePharma 605 

(Shanghai, China). The frozen sections of adipose tissue from obese patients, normal 606 

persons or obese mice were fixed with 4% formaldehyde at room temperature for 10 607 

min. The probe was hybridized at 37℃ for 16 h. DAPI was added at 1:5000 for 15 min 608 

after washing with probe detergent. Images were obtained with confocal laser scanning 609 
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microscope (CLSM, LSM800, Zeiss, Germany) and processed using the ZEN imaging 610 

software. 611 

Plasmid and shRNA construction 612 

The coding sequences for Traf3 (NM_001286122.1), p65 (NM_ 009045.5), RelB 613 

(001290457.2), Srebp1 (001313979.1) were amplified by PCR from full-length cDNA 614 

of mice, and then cloned in pcDNA 3.1 (+) vector (Addgene, Watertown, MA, USA). 615 

All plasmids were confirmed to be correct by sequencing. The primer sequences for 616 

PCR are listed in Supplementary Table 3. 617 

The shRNA of Traf3, Srebp1, p65, RelB were constructed in plvx-shRNA2 618 

lentivirus vector (Takara). The plvx-shRNA2 lentivirus vector was digested with EcoR 619 

I and BamH I. The shRNA primer sequences are listed in Supplementary Table 4. 620 

Luciferase assay 621 

miR-802 mimics/miR-802 inhibitor (anti-miR-802)/miRNA NC (NC)/miRNA 622 

inhibitor NC was purchased from GenePharma (Shanghai, China). The construction of 623 

Traf3 (both wild type and mutants) was achieved by digestion of pmir-PGLO vector 624 

(Addgene, Watertown, MA, USA) with double restriction enzymes (Xhol I and Xbal I), 625 

followed by ligation of sequences encoding the corresponding 3’UTR of the target 626 

genes. Sequences of the synthetic oligonucleotides encoding the 3’UTR of the target 627 

genes and their mutants are listed in Supplementary Table 3. 3T3-L1 cells were 628 

transfected with one of the above-mentioned plasmids using Lipofectamine 2000 629 

(Invitrogen), according to the manufacturer’s instructions. At 48 h after transfection, 630 
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the cells were lysed and the luciferase activity was assayed with a dual-luciferase 631 

reporter assay kit (Vazyme, Nanjing, China). Data are presented as the ratio of Renilla 632 

luciferase activity to firefly luciferase activity. 633 

Flow cytometric analysis of macrophage polarization 634 

SVF was resuspended in 1 ml of Live/Dead Fixable Dead Cell stain (Molecular 635 

Probes) and incubated on ice for 30 min. Afterward, the cells were washed once with 636 

FACS buffer (1% BSA in 1× PBS), followed by staining with different antibodies. For 637 

flow cytometry analysis of macrophages, 1×106 freshly isolated cells were triple stained 638 

with CD11b-Apc (#101211, Biolegend; 1:100), Zombie NIRTM Fixable Viability Kit 639 

(#423105, Biolegend; 1:200) and F4/80-PE（#157304, Biolegend; 1:100）, or stained 640 

with F4/80-FITC (#123108, Biolegend; 1:100), Cd206-APC (#141708, 641 

Biolegend;1:100), Cd86-PE (#105007, Biolegend; 1:100), or their isotype controls 642 

(Biolegend) on ice for 30 min in the dark. After staining, the cells were fixed with 2% 643 

(w/v) paraformaldehyde and stored at 4°C before analysis with FACS Celesta Cell 644 

Analyzer (BD Biosciences). Data were analyzed using FlowJo software version X.0.7 645 

(Tree Star, Inc.). 646 

Mouse metabolic studies 647 

After 12 h fasting treatment, mice fasting blood glucose (FBG) levels were 648 

examined via using a glucometer (OMRON, Japan) and fasting serum insulin (FINS) 649 

levels were tested by insulin ELISA kit (Crystal Chem, USA). And the homeostatic 650 

model assessment indices of insulin resistance (HOMA-IR) was calculated with the 651 
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equation (FBG (mmol/l) × FINS (mIU/l))/22.5. To perform the glucose tolerance tests, 652 

2 g/kg glucose (Sigma-Aldrich, StLouis, MO, USA) was intraperitoneal (i.p.) injected 653 

into mice, whereas 0.75 U/kg insulin (Novolin R, Novo Nordisk, Bagsvaerd, Denmark) 654 

was i.p. injected into mice for insulin tolerance tests. Blood glucose levels were 655 

examined at 0, 15, 30, 60, 90 and 120 min after glucose or insulin injection and serum 656 

sample was collected from eye canthus blood at 0, 5, 15, and 30 min after glucose 657 

injection. Insulin level was evaluated using mice insulin ELISA kit (Crystal Chem, 658 

USA), according to the manufacturer’s instructions. Subtracting the baseline area, by 659 

subtracting the starting glucose value from the value at each time point, generates the 660 

area of the curve (AOC)(51). 661 

Body Composition 662 

The changes in body composition were assessed as we have previously 663 

describe(52). In brief, mice were anesthetized with 2% isoflurane by volume in a box 664 

and fixed on an MRI platform (Bruker BioSpec 7T/20 USR). Anesthesia was also 665 

maintained with isoflurane of 1% by volume. After turning on the instrument, the mice 666 

were scanned layer by layer according to the cross-section of their internal adipose 667 

tissue content, using ImageJ software analysis and statistics of the lipid distribution in 668 

mice. 669 

RNA isolation and qRT-PCR analysis.  670 

Total RNA from adipose tissues or its fractions or 3T3-L1 cells was extracted with 671 

TRIzol reagent (Invitrogen). For mRNA expression analysis, 500 ng of total RNA was 672 
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used for synthesis of cDNA using PrimeScriptTM RT reagent Kit (Takara, Tokyo, 673 

Japan). For miRNA expression analysis, 150 ng total RNA was reverse-transcription 674 

into cDNA using miRNA-specific primers supplied with TaqMan MicroRNA Reverse 675 

Transcription kit. The quantitative real-time PCR was performed using the LightCycle 676 

480 (Roche). The relative level of gene expressions were calculated by the 2-ΔΔCT 677 

method, after normalization with the abundance of 18S rRNA or U6. For miR-802-5p 678 

and U6, TaqMan probes (Ambion) were used to confirm our results. The sequences of 679 

genes were listed in Supplementary Table 5. 680 

Western blot analysis.  681 

Proteins were extracted from tissues or cells in radioimmunoprecipitation assay 682 

(RIPA) buffer (Beyotime) containing a complete protease inhibitor cocktail (Roche), 683 

resolved by SDSPAGE, transferred onto polyvinlidene fluoride (PVDF) membranes 684 

(Bio-Rad), and then probed with primary antibodies against TRAF3 (#ab36988), NIK 685 

(#ab314146) were from Abcam, NF-κB2 p100/p52 (#4882), NF-κB p65 (#8242) were 686 

from CST, and RelB (#A23389), P52 (#ab125611), IKK-α (#A2062), phospho-IKK-α 687 

(#AP0546), IKBα (#A19714), phosho-IKBα (#AP0614), iNOS (#A14031), phosho-688 

p65 (#AP0123), Tubulin (#AC008), β-Actin (#AC038) and Histone H3 (#A2348) were 689 

from ABclonal. The protein bands were visualized with enhanced chemiluminescence 690 

reagents (GE Healthcare) and quantified by using the ImageJ software. 691 

RNA immunoprecipitation (RIP) 692 
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RNA immunoprecipitation was performed using an EZMagna RIP Kit (Millipore, 693 

Billerica, MA, USA) following the manufacturer’s protocol. 3T3-L1 cells transfected 694 

with miR-802 or oe-Traf3 were lysed in complete RIP lysis buffer, and then, 100 μl of 695 

whole cell extract was incubated with RIP buffer containing magnetic beads conjugated 696 

with anti-Ago2 (#ab186733, Abcam) antibody or negative control normal mouse IgG 697 

(#ab172730, Abcam). Furthermore, purified RNA was subjected to qRT-PCR analysis 698 

to demonstrate the presence of the binding targets using the respective primers. The 699 

primer sequences are listed in supplementary table 5. 700 

Chromatin immunoprecipitation assay (ChIP) 701 

ChIP experiments were strictly performed according to the manual for the ChIP 702 

Assay Kit (#17-10086, Millipore) and the manufacturer’s protocol. 3T3-L1 cells 703 

transfected with miR-802 mimics, miR-802 inhibitor, oe-Traf3, or miR-802 & oe-Traf3 704 

were fixed with 37% formaldehyde for 10 min, followed by 30 rounds of sonication, 705 

each for 3 s, to fragment the chromatin. The chromatin was incubated with NF-κB p65 706 

antibody (#8242, CST) at 4°C overnight and then immunoprecipitated with Proteinase 707 

K (Millipore). Purified DNA was amplified by PCR using primer pairs that spanned the 708 

predicted p65 binding sites on the Srebp1 promoter. The primer sequences are listed in 709 

Supplementary Table 5. 710 

Agarose-oligonucleotide pull-down assay 711 

The oligonucleotides for the mouse Srebp1a promoter and their complementary 712 

strands were synthesized by GenePharma (Shanghai, China) and biotinylated using a 713 
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Pierce™ Biotin 3' End DNA Labeling Kit (Cat. #89818; Thermo Scientific). These 714 

oligonucleotides were annealed to form double-stranded oligonucleotides, which were 715 

then incubated with streptavidin-conjugated agarose beads at 4°C for 60 min and 716 

washed twice with IP lysis buffer. Next, the nuclear extract (50 μg each) in 200 μl IP 717 

lysis buffer was pre-cleared with agarose beads at 4°C for 90 min to reduce any 718 

nonspecific binding and then incubated with oligo/streptavidin-conjugated beads at 4°C 719 

overnight. The mixtures were washed three times with IP lysis buffer via centrifugation 720 

the following day, and the affinity-purified proteins were eluted by boiling in SDS 721 

sample buffer for 10 min. Samples were then subjected to analysis by western blot. 722 

Primer sequences are listed in Supplementary Table 5. 723 

Histological and immunochemical analysis 724 

The white adipose tissue was fixed in 4 % formalin solution at 4°C for 24 hours, 725 

embedded in paraffin, and sectioned at 5 μm. Deparaffinized and rehydrated sections 726 

were stained with haemotoxylin and eosin (Sigma), or with reagents for Sirius red 727 

staining, or immunohistological staining of HCS LipidTOX™ red neutral stain 728 

(#H34467, Invitrogen) and F4/80 (#GB113373, Servicebio, china). The slides were 729 

analyzed using a confocal laser scanning microscope (CLSM, Carl Zeiss LSM800) at 730 

×20 magnification.  731 

Transmission electron microscopy 732 

For transmission electron microscopy, mouse epiWAT was dissected, sliced into 733 

small fragments of 1–2 mm each, and then fixed in 5% glutaraldehyde for 2 days. 734 
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Specimens were post-fixed in 1% osmium tetroxide. After staining with 2% aqueous 735 

uranyl acetate for 2 h, the samples were dehydrated in a series of ethanol up to 100% 736 

and embedded in epoxy resin. Ultrathin sections were cut with an EM UC7 737 

ultramicrotome (Leica) and poststained with lead nitrate. Ultrathin sections were 738 

mounted in formvar-coated nickel grids and observed under an FEI Tecnai G2 Electron 739 

Microscope (FEI Tecnai G2). 740 

EdU labeling  741 

Cell proliferation was detected with BeyoClick™ EdU Alexa Fluor 488 Imaging 742 

Kit (Beyotine, China). Briefly, 1×105 macrophage cells or 1×104 RAW264.7 cells were 743 

plated on twenty-four well plates. After co-cultured with 3T3-L1 cells or SVF cells, 744 

cells were gently washed twice with PBS, and further incubated with 10 μM EdU for 4 745 

h. Treated cells were fixed in 4% paraformaldehyde solution at room temperature for 746 

15 min and EdU detection was carried out according to manufacturer’s instructions. 747 

Sample size and replication 748 

Sample size varied between experiments, depending on the number of mice 749 

allocated for each experiment. The minimum sample size was three. 750 

Data inclusion/exclusion criteria 751 

All patients enrolled in this study were obese (BMI > 25). The negative controls 752 

were normal-weight individuals (20 ≤ BMI ≤ 25). Data or samples were not excluded 753 

from analysis for other reasons. 754 

Randomization 755 
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Mice used for the experiments were randomly selected and randomly assigned to 756 

experimental groups. There was no requirement for randomization of cell selection. 757 

Blinding 758 

During experimentation and data acquisition, blinding was not applied to ensure 759 

tractability.  760 

Statistical analysis 761 

All in vivo experiments represent individual mice as biological replicates. The 762 

exact values of n are reported in figure legends. Data are presented as mean ± SEM. 763 

Comparisons were performed using the Student’s t test between two groups or ANOVA 764 

in multiple groups. Dunn’s multiple comparisons for one-way ANOVA and Fisher’s 765 

least significant difference (LSD) for two-way ANOVA were used. The level of 766 

significance was set at *p < 0.05, **p < 0.01, ***p < 0.001. Graphpad prism 8 767 

(GraphPad, San Diego, CA, USA) was used for all calculation. 768 
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Figure legends 935 

Figure 1 Obesity induced miR-802 elevation precedes macrophage accumulation 936 

(A) mRNA abundance of miR-802 in the epiWAT of db/db or control mice at 4, 6, 8, 937 

12, and 16 weeks (n=5). (B) mRNA abundance of miR-802 in the epiWAT of mice fed 938 

a normal chow diet (NCD) or HFD for 0, 2, 4, 8, 16, 24, and 32 weeks (n=5). (C) The 939 

expression level of miR-802 in epiWAT, scWAT and BAT isolated from mice on HFD 940 

for 16 weeks or 10 weeks db/db mice (n=7). (D) Copy number of miR-802 in mature 941 

adipocytes and stromal vascular fraction (SVF) of epiWAT isolated from mice on NCD 942 

or HFD for 16 weeks (n=5). (E–F) miR-802 expression levels in insulin resistance 3T3-943 

L1 cell models (E) and insulin resistance WAT SVF cells models (F). (G) F4/80 and 944 

CD11b positive cells in SVFs isolated from the epiWAT of mice fed an HFD for 2, 4, 945 

6, 8, 16, and 24 weeks (n=5). (H) Representative images of F4/80 staining (left) and 946 

quantification of crown-like structures (CLSs; right) in the epiWAT of mice fed an 947 

HFD (n=5). (I) Expression levels of miR-802 in human subcutaneous adipose tissue 948 

(nnormal=25, nobesity & IR=70). Scatter plots of miR-802 expression versus BMI (J) and 949 

HOMA-IR (K). Pearson’s correlation coefficients (r) are shown. The fold of miR-802 950 

was calculated using 2-ΔΔCt. Data represent mean ± SEM. P-values obtained using a 951 

two-tailed unpaired Student’s t-test (E, F, I) or two-way ANOVA (A–D, G) are 952 

indicated. *P<0.05, **P<0.01, ***P<0.001. Relative levels of miR-802 were 953 

normalized to U6. epiWAT: epididymal white adipose tissue, scWAT: subcutaneous 954 

white adipose tissue, BAT: brown adipose tissue. 955 
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Figure 2 Adipose tissue-specific overexpression of miR-802 exacerbates adipose 956 

tissue inflammation and leads to metabolic dysfunction 957 

(A) Representative images of F4/80 staining (top) and quantification of CLSs (bottom) 958 

in epiWAT of WT or miR-802 KI mice on HFD for 0, 8, and 16 weeks (n=5). Scale bar: 959 

40 μm. (B) Percentage of F4/80+/CD11b+ total macrophages in the epiWAT of miR-960 

802 KI and KI-control mice fed with HFD (n=5). (C) M1 (CD86+CD206–) and M2 961 

(CD206+CD86–) within the macrophage population (n=5). (D) qRT-PCR analysis for 962 

mRNA levels of the M1 and M2 markers in the epiWAT of mice on KI-control or miR-963 

802 KI at 16 weeks (n=5). (E–H) Serum levels of CCL2 (E), IL-1β (F), IL-6 (G), and 964 

TNF-α (H) of miR-802 KI and control mice fed with HFD for 0, 8, 16, and 30 weeks 965 

(n=5). (I, J) Dynamic changes in body weight (I) and glucose (J) in WT and miR-802 966 

KI mice during 30 weeks of HFD feeding (n=5). (K, L) Fat mass of whole body (K) 967 

and individual tissues (L) (n=7). (M) Representative coronal section MRI images and 968 

visceral and subcutaneous adipose tissue volume of HFD-fed control and miR-802 KI 969 

mice (n=5). (N, O) Area over the curve (AOC) of the blood glucose level was calculated 970 

via intraperitoneal glucose tolerance tests (IPGTTs, 2 g/kg, N, n=5) or intraperitoneal 971 

insulin tolerance tests (IPITTs; 0.75 U/kg, O, n=5). (P) Fasting insulin (FINS) levels of 972 

HFD-fed mice were measured by ELISA (n=7). (Q) HOMA-IR was calculated with the 973 

equation FBG (mmol l−1) × FINS (mIU l−1))/22.5. Data represent mean ± SEM. 974 

Differences between groups were determined by ANOVA (B–J, L, and N–Q) or two-975 

.CC-BY 4.0 International licensemade available under a
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is 

The copyright holder for this preprintthis version posted May 16, 2024. ; https://doi.org/10.1101/2024.05.13.593999doi: bioRxiv preprint 

https://doi.org/10.1101/2024.05.13.593999
http://creativecommons.org/licenses/by/4.0/


tailed unpaired Student’s t-test (K). *P<0.05, ***P<0.001. Gene levels were 976 

normalized to 18S RNA abundance. 977 

Figure 3 Adipose tissue–specific ablation of miR-802 protects mice from obesity-978 

induced metabolic dysfunction 979 

(A-B) Dynamic changes in body weight (A) and glucose (B) of KO control and miR-980 

802 KO mice during 30 weeks of HFD feeding (n=7). (C-D) Fat mass of whole body 981 

(C) and individual tissues (D) (n=7). (E) Representative coronal section MRI images 982 

and visceral and subcutaneous adipose tissue volume of HFD-fed control and miR-802 983 

KO mice (n=5). (F) Representative images of F4/80 staining (left) and quantification 984 

of CLSs (right) in epiWAT of WT or miR-802 KO mice on HFD for 0, 8, and 16 weeks 985 

(n=5). Scale bar: 40 μm. (G) Cells isolated from SVFs of epiWAT in miR-802 KO and 986 

WT mice fed with HFD for 8, 16, and 24 weeks were subjected to flow cytometry 987 

analysis for percentage of CD11b+/F4/80+ total macrophages (n=5). (H) qRT-PCR 988 

analysis for the mRNA levels of the M1 and M2 markers in epiWAT of mice on HFD 989 

16 weeks (n=5). (I) Serum levels of CCL2, IL-1β, IL-6, TNF-α determined with ELISA 990 

(n=5). (J-K) AOC of the blood glucose level was calculated via IPGTT (1.5 g/kg, J, 991 

n=5) or IPITT (0.75 U/kg, K, n=5). (L) Representative images of F4/80 staining and 992 

quantification of CLSs (n=5) in the epiWAT of WT or miR-802 KO mice. Scale bar: 993 

40 μm. (M-N) The percentage of CD11b+/F4/80+ total macrophages (M, n=5) and M1 994 

(CD86+CD206–), and M2 (CD206+CD86–) within the macrophage population (N, n=5) 995 

in the SVFs isolated from epiWAT in the HFD-control or miR-802eWAT KO/HFD mice. 996 
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(O) Serum levels of TNF-α, IL-6, IL-1β, CCL2 determined with ELISA (n=6). (P-Q) 997 

IPGTT (P) and IPITT (Q) were performed in HFD-control mice or miR-802eWAT 998 

KO/HFD mice(n=5). Data represent mean ± SEM. Differences between groups were 999 

determined by ANOVA (A-B, D, E-K, N-Q) or two-tailed unpaired Student’s t test (C, 1000 

L-M). ***P < 0.001. Gene levels were normalized to 18S rRNA abundance. 1001 

Figure 4 Interplay between miR-802 ectopically expressed adipocytes and 1002 

macrophages 1003 

(A) Flowchart of the co-culture experiments designed for determining WAT SVF of 1004 

obese adipose tissue can affect macrophages. (B) Obesity promoted macrophage 1005 

migration and invasion in transwell migration and invasion assay. (C) M1 1006 

(CD86+CD206–) and M2 (CD206+CD86–) within the macrophage population. (D) The 1007 

levels of TNF-α, IL-6, IL-1β, and CCL2 determined with ELISA. (E) Migration and 1008 

invasion ability of macrophages treated with a medium conditioned with obese or lean 1009 

SVF cells. (F) Chemokine levels in the medium conditioned with obese or lean SVF 1010 

cells. (G) miR-802 induced 3T3-L1 cells recruitment more RAW 264.7 cells in 1011 

transwell migration and invasion assay. (H) miR-802 mimics-transfected 3T3-L1 cells 1012 

promoted RAW 264.7 cells M1-like polarization. Data represent mean ± SEM. 1013 

Differences between groups were determined by ANOVA (D, F). **P<0.01, 1014 

***P<0.001. 1015 

Figure 5 Adipose miR-802 modulates infiltration and polarization of macrophages 1016 

by directly targeting Traf3 1017 
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(A) Heat map illustrating the differential expression of mRNAs in the epiWAT of miR-1018 

802 KI mice compared to their WT miR-802ki/ki littermates (n=3). (B) mRNA and 1019 

protein levels of TRAF3 in human subcutaneous adipose tissues from obese and normal 1020 

individuals (nnormal=4 and nobesity&IR=9). (C, D) mRNA and protein levels of TRAF3 in 1021 

the epiWAT of HFD mice (C, n=3) or miR-802 KI mice (D, n=3). (E) Relative 1022 

luciferase activity in 3T3-L1 cells co-transfected with miR-802 mimics and a luciferase 1023 

reporter containing either Traf3-WT or Traf3-MUT. Data are presented as the relative 1024 

ratio of Renilla luciferase activity to firefly luciferase activity. (F) mRNA and protein 1025 

levels of TRAF3 in 3T3-L1 cells transfected with miR-802 mimics or miR-802 inhibitor. 1026 

(G) Anti-Ago2 RIP was performed in 3T3-L1 cells transiently overexpressing miR-802, 1027 

followed by qRT-PCR to detect Traf3 associated with Ago2 (nonspecific IgG served 1028 

as a negative control). (H) mRNA and protein levels of TRAF3 in the epiWAT of 1029 

control, miR-802 KI, Traf3eWAT KI, and miR-802 KI & Traf3eWAT KI mice (n=3–5). (I) 1030 

Representative images of F4/80 staining and quantification of CLSs (n=5). (J) M1 1031 

(CD86+CD206–) and M2 (CD206+CD86–) within the macrophage population (n=5). (K) 1032 

qRT-PCR analysis of the mRNA levels of M1 and M2 markers in the epiWAT of HFD-1033 

fed control, Traf3eWAT KI, miR-802 KI, and miR-802 KI & Traf3eWAT KI (n=5). (L, M) 1034 

Dynamic changes in body weight (L), glucose level (M), fat mass (N), glucose tolerance 1035 

(O), and HOMA-IR (P) of control, miR-802 KI, Traf3eWAT KI, and miR-802 KI & 1036 

Traf3eWAT KI mice during 30 weeks of HFD feeding (n=7). Data represent mean ± SEM. 1037 

Differences between groups were determined by ANOVA (E, F, J–P). ***P<0.001. 1038 
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MiR-802 abundance was normalized to U6 level, and other genes levels were 1039 

normalized to 18S rRNA abundance. 1040 

Figure 6 miR-802 activates noncanonical and canonical NF-κB pathways by 1041 

recruiting macrophages 1042 

(A, B) NIK protein levels in 3T3-L1 cells transfected with miR-802 mimics or miR-802 1043 

inhibitor (A) in the epiWAT of miR-802 KI mice (B, n=3). (C, D) P100/52 protein 1044 

levels in 3T3-L1 cells transfected with miR-802 mimics or miR-802 inhibitor (C), and 1045 

in the epiWAT of miR-802 KI mice (D, n=3). (E, F) Protein levels of IKK-α and P-1046 

IKK-α in 3T3-L1 cells transfected with miR-802 mimics or miR-802 inhibitor (E) in the 1047 

epiWAT of miR-802 KI mice (F, n=3). (G, H) Overexpression of Traf3 reverses the 1048 

protein levels of NIK, P-IKK-α, and P100/52 in 3T3-L1 cells (G) and in the epiWAT 1049 

of miR-802 KI mice (H, n=3). (I, J) Protein levels of some major canonical NF-κB 1050 

signaling targets in the epiWAT of miR-802 KI mice (I, n=3) and Traf3eWAT KI rescued 1051 

mice (J, n=3). (K, L) qRT-PCR (K) and ELISA (L) were performed to detect major 1052 

chemokine levels. Data represent mean ± SEM. Differences between groups were 1053 

determined by ANOVA (K–L). ***P<0.001. Genes levels were normalized to 18S 1054 

rRNA abundance. 1055 

Figure 7 miR-802 promotes lipogenesis and induces M1 macrophage polarization 1056 

in adipose tissue through activating SREBP1 1057 

(A) Heat map illustrating the top 20 upregulated mRNAs in the epiWAT of miR-802 1058 

KI mice compared to their WT miR-802fl/fl littermates (n=3). (B–C) Protein levels of 1059 
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the mature form of SREBP-1 protein (m-SREBP1) and the precursor form of SREBP-1060 

1 (P-SREBP1) in mature 3T3-L1 cells transfected with miR-802 mimics or miR-802 1061 

inhibitor (B), in the epiWAT of miR-802 KI mice (C, n=3). (D) The protein levels of 1062 

m-SREBP1 and P-SREBP1 were reversed by Traf3. (E) Srebp1a mRNA levels in 3T3-1063 

L1 cells transfected with p65-overexpressing plasmid or p65 shRNA plasmid. (F, G) 1064 

ChIP-qPCR assays were conducted to verify that p65 binds to the Srebp1 promoter in 1065 

3T3-L1 cells transfected with miR-802 mimics or miR-802 inhibitor (F) and in the 1066 

epiWAT of miR-802 KI mice (G, n=3). (H) DNA pull-down assay using a biotinylated 1067 

DNA probe corresponding to the −360 to −400 or −1198 to −1237 region of the Srebp1 1068 

promoter in 3T3-L1 cells transfected with miR-802 mimics or miR-802 inhibitor. (I) 1069 

DNA pull-down assay using a biotinylated DNA probe corresponding to the −1198 to 1070 

−1237 region of the wild-type (WT) or a mutant sequence of the Srebp1 promoter in 1071 

3T3-L1 cells stimulated with p65 plasmid for 48 h. (J) Luciferase reporter assays in 1072 

3T3-L1 cells transfected with the indicated plasmids for 48 h. Dual-luciferase activity 1073 

was determined. (K) Schematic illustration for the mechanism of miR-802 increased 1074 

Srebp1 expression by activating canonical NF-κB pathways. (L) Representative images 1075 

of the immunofluorescence of lipid droplets (HCS LipidTOXTM, Red) and DAPI (Blue). 1076 

Scale bar: 20 μm. (M) Oil red O staining was performed to assess the number of lipid 1077 

droplets in 3T3-L1 cells transfected with miR-802 mimics. Scale bar: 200 μm. (N) 1078 

Representative images of the immunofluorescence of lipid droplets (HCS LipidTOXTM, 1079 

Red) and F4/80 (Green, n=3). Scale bar: 20 μm. (O) Transmission electron microscopy 1080 
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(TEM) was performed to detect the contact between lipid droplets and macrophages 1081 

(n=3). Data represent mean ± SEM. Differences between groups were determined by 1082 

ANOVA (E–G and J). ***P<0.001. Genes levels were normalized to 18S rRNA 1083 

abundance.  1084 

Figure 8 Schematic illustration for the mechanism of miR-802 exacerbates adipose 1085 

tissue inflammation and leads to metabolic dysfunction during obesity. We found that 1086 

miR-802 endows adipose tissue with the ability to interact with macrophages and 1087 

regulate the inflammatory cascade. During obesity, miR-802 promotes adipose tissue 1088 

secretion more chemokines recruiting macrophages by targeting Traf3 activating 1089 

canonical and noncanonical NF-κB signaling pathways; and miR-802 increases 1090 

lipogenesis through promoting Srebp1 transcription, then, macrophages toward 1091 

proinflammatory M1 phenotype by engulfing lipid droplet. 1092 

Figure 5-source data 1: The original files of the full raw unedited blots of TRAF3 and 1093 

β-Actin in human subcutaneous adipose tissues from obese and normal individuals 1094 

(nnormal=4 and nobesity&IR=9). 1095 

Figure 5-source data 2: The original files of the full raw unedited blots of TRAF3 and 1096 

β-Actin in the epiWAT of HFD mice (n=3). 1097 

Figure 5-source data 3: The original files of the full raw unedited blots of TRAF3 and 1098 

β-Actin in the epiWAT of miR-802 KI mice (n=3). 1099 

Figure 5-source data 4: The original files of the full raw unedited blots of TRAF3 and 1100 

β-Actin in 3T3-L1 cells transfected with miR-802 mimics or miR-802 inhibitor. 1101 
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Figure 5-source data 5: The original files of the full raw unedited blots of TRAF3 and 1102 

β-Actin in the epiWAT of control, miR-802 KI, Traf3eWAT KI, and miR-802 KI & 1103 

Traf3eWAT KI mice (n=3). 1104 

Figure 6-source data 1: The original files of the full raw unedited blots of TRAF3, 1105 

NIK and β-Actin in 3T3-L1 cells transfected with miR-802 mimics or miR-802 inhibitor. 1106 

Figure 6-source data 2: The original files of the full raw unedited blots of TRAF3, 1107 

NIK and β-Actin in the epiWAT of miR-802 KI mice (n=3). 1108 

Figure 6-source data 3: The original files of the full raw unedited blots of p100/p52 1109 

and β-Actin in 3T3-L1 cells transfected with miR-802 mimics or miR-802 inhibitor. 1110 

Figure 6-source data 4: The original files of the full raw unedited blots of p100/p52 1111 

and β-Actin in the epiWAT of miR-802 KI mice (n=3). 1112 

Figure 6-source data 5: The original files of the full raw unedited blots of P-IKK-α, 1113 

IKK-α and β-Actin in 3T3-L1 cells transfected with miR-802 mimics or miR-802 1114 

inhibitor. 1115 

Figure 6-source data 6: The original files of the full raw unedited blots of P-IKK-α, 1116 

IKK-α and β-Actin in the epiWAT of miR-802 KI mice (n=3). 1117 

Figure 6-source data 7: The original files of the full raw unedited blots of p100/p52, 1118 

P-IKK-α, IKK-α, NIK and β-Actin in the 3T3-L1 cells. 1119 

Figure 6-source data 8: The original files of the full raw unedited blots of p100/p52, 1120 

P-IKK-α, IKK-α, NIK and β-Actin in the epiWAT of miR-802 KI and Traf3eWAT KI mice 1121 

(n=3). 1122 
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Figure 6-source data 9: The original files of the full raw unedited blots of some major 1123 

canonical NF-κB signaling targets in the epiWAT of miR-802 KI mice(n=3). 1124 

Figure 6-source data 10: The original files of the full raw unedited blots of some major 1125 

canonical NF-κB signaling targets in the epiWAT of miR-802 KI mice and Traf3eWAT KI 1126 

rescued mice (n=3). 1127 

Figure 7-source data 1: The original files of the full raw unedited blots of m-SREBP1, 1128 

P-SREBP1 and β-Actin in mature 3T3-L1 cells transfected with miR-802 mimics or 1129 

miR-802 inhibitor. 1130 

Figure 7-source data 2: The original files of the full raw unedited blots of m-SREBP1, 1131 

P-SREBP1 and β-Actin in in the epiWAT of miR-802 KI mice (n=3). 1132 

Figure 7-source data 3: The original files of the full raw unedited blots of m-SREBP1, 1133 

P-SREBP1 and β-Actin in the 3T3-L1 cells. 1134 

Figure 7-source data 4: The original files of the full raw unedited blots of p65 and β-1135 

Actin in 3T3-L1 cells transfected with miR-802 mimics or miR-802 inhibitor. 1136 

Figure 7-source data 5: The original files of the full raw unedited blots of p65 and β-1137 

Actin in 3T3-L1 cells stimulated with p65 plasmid for 48 h. 1138 

Figure 2-figure supplement 2-source data 1: The original files of the full raw 1139 

unedited gels of miR-802 KI mice. 1140 

Figure 3-figure supplement 3-source data 1: The original files of the full raw 1141 

unedited gels of miR-802 KO mice. 1142 
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Figure 5-figure supplement 5-source data 1: The original files of the full raw 1143 

unedited blots of TRAF3 and β-Actin in the epiWAT of ob/ob mice (n=3). 1144 

Figure 5-figure supplement 5-source data 2: The original files of the full raw 1145 

unedited blots of TRAF3 and β-Actin in the epiWAT of db/db mice (n=3). 1146 

Figure 5-figure supplement 5-source data 3: The original files of the full raw 1147 

unedited blots of TRAF3 and β-Actin in the epiWAT of miR-802 KO mice (n=3). 1148 

Figure 6- figure supplement 6-source data 1: The original files of the full raw 1149 

unedited blots of TRAF3, NIK and β-Actin in in the epiWAT of miR-802 KO mice 1150 

(n=3). 1151 

Figure 6- figure supplement 6-source data 2: The original files of the full raw 1152 

unedited blots of p100/p52 and β-Actin in the epiWAT of miR-802 KO mice (n=3). 1153 

Figure 6- figure supplement 6-source data 3: The original files of the full raw 1154 

unedited blots of P-IKK-α, IKK-α and β-Actin in the epiWAT of miR-802 KO mice 1155 

(n=3). 1156 

Figure 7-figure supplement 7-source data 1: The original files of the full raw 1157 

unedited gels by ChIP-PCR experiments in the 3T3-L1 cells. 1158 

Figure 7-figure supplement 7-source data 2: The original files of the full raw 1159 

unedited gels by ChIP-PCR experiments in the epiWAT of miR-802 KI mice (n=3). 1160 
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Supplementary Figure 1 (A) The mRNA abundance of pri-miR-802 in epiWAT of 4, 6, 8, 12, 16 

weeks db/db mice or control mice (n=5). (B) The mRNA abundance of pri-miR-802 in epiWAT of 

mice fed with normal chow diet (NCD) or HFD for 0, 2, 4, 8, 16, 24 and 32 weeks (n=5). (C-D) The 

insulin-resistant cell models were established in 3T3-L1 (C) and WAT SVF cells (D) by 0.5 mM 

palmitate, 10 μg/ml insulin and 25 mM glucose for 24 h, and qRT-PCR was performed to measure 

the expression levels of pri-miR-802. (E) Representative images of flow cytometric analysis of 

CD11b+/F4/80+ in the SVFs isolated from eipWAT in mice fed with HFD (n=5). (F) The expression 

levels of pri-miR-802 in the human subcutaneous adipose tissues (nnormal=25, nobesity & IR=70). (G) 

FISH analysis of miR-802 in the human subcutaneous adipose tissues of obese patient or normal 

patient (n=7). The nuclei were stained with DAPI. Magnification: ×20, scale bar, 20 μm. Data 
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represent mean ± SEM. The p-values by two-tailed unpaired Student’s t test (C-D, F), or two-way 

ANOVA (A-B) are indicated. **P < 0.01, ***P < 0.001. Relative levels of pri-miR-802 were 

normalized to U6.  
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Supplementary Figure 2 (A) Schematic diagram showing the strategy for generation of adipose-

specific miR-802 KI mice. (B) Genotypic PCR analysis showing that the adipose tissue miR-802 

WT mouse carrying homozygous miR-802 KI allele, while KI mouse carrying both KI and Cre allele. 

(C) qRT-PCR analysis showing a markedly decreased expression of miR-802 in several adipose 

tissues (epiWAT, scWAT, BAT), but not in liver or heart tissues (n=3). (D) miR-802 mRNA levels in 

isolated adipocytes and SVF from epiWAT of miR-802 KI mice (n=3). (E) The cumulative food 

intake of miR-802 KI and control mice treated with NCD feeding (n=5). (F-G) Dynamic changes in 

body weight (F) and glucose (G) of control and miR-802 KI mice during 30 weeks of NCD feeding 

(n=7). (H) Fat mass of whole body of control and miR-802 KI mice of NCD feeding (n=7). (I) 

Representative images of F4/80 in epiWAT of WT or miR-802 KI mice on NCD for 0, 8, and 16 

weeks (n=5). Scale bar: 40 μm. (J) Representative images of flow cytometric analysis of 

CD11b+/F4/80+ cells in the SVFs isolated from eipWAT in control or miR-802 KI mice fed with 

HFD (n=5). (K) Representative images of flow cytometric analysis of CD86 or CD206 in the SVFs 

isolate from eipWAT in control or miR-802 KI mice fed with HFD (n=5). (L) Representative photos 

of adipose-specific miR-802 KI mice and their WT miR-802ki/ki littermates fed with either HFD for 
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16 weeks (n=3). (M-Q) IPGTT (1.5 g/kg, K-O) and IPITT (0.75 U/kg, R-V) were performed in miR-

802 KI mice and control mice at the 0th, 4th, 8th, 16th or 30th week of high-fat diet administration, 

respectively (n=5). Data represent mean ± SEM. Differences between groups were determined by 

ANOVA (C-G, M-V) or two-tailed unpaired Student’s t test (H). ***P < 0.001. miR-802 abundance 

was normalized to U6 level. 
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Supplementary Figure 3 (A) Schematic diagram showing the strategy for generation of adipose-

specific miR-802 KO mice. (B) Genotypic PCR analysis showing that the adipose tissue miR-802 

WT mouse carrying homozygous miR-802 KO allele, while miR-802 KO mouse carrying both miR-

802 KO and Cre allele. (C) qRT-PCR analysis showing a markedly decreased expression of miR-

802 in several adipose tissues (epiWAT, scWAT, BAT), but not in liver or heart tissues (n=3). (D) 
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miR-802 mRNA levels in isolated adipocytes and SVF from epiWAT of miR-802 KO mice (n=3). 

(E) Representative photos of adipose-specific miR-802 KO mice and their WT miR-802fl/fl 

littermates fed with either HFD for 16 weeks (n=3). (F) Cells isolated from SVFs of epiWAT in 

miR-802 KO and KO control mice fed with HFD for 8, 16, and 24 weeks were subjected to flow 

cytometry analysis for percentage of CD11b+/F4/80+ total macrophages (n=5). (G) Representative 

images of F4/80 in epiWAT of WT or miR-802 KO mice on NCD for 0, 8, and 16 weeks (n=5). 

Scale bar: 40 μm. IPGTT (H-J) and IPITT (K-M) were performed in miR-802 KO mice and control 

mice at the 8th, 16th or 30th week of high-fat diet administration, respectively (n=5). (N) Flowchart 

of the in vivo experiments designed for detecting adipose tissue inflammation and metabolic 

function via inguinal fat pad infusion of AAV-Adipoq-anti-miR-802 (n=10). (O) The expression 

levels of miR-802 in the different tissue of HFD-control mice or miR-802eWAT KO/HFD mice (n=3). 

(P) Dynamic changes in body weight of miR-802eWAT KO/HFD mice and control during 8 weeks of 

HFD feeding. (Q) Representative images of flow cytometric analysis of CD11b+/F4/80+ in the SVFs 

isolated from eipWAT in HFD-control or miR-802eWAT KO /HFD mice (n=3). Data represent mean ± 

SEM. Differences between groups were determined by ANOVA (C-D, H-M, O). **P < 0.01, ***P 

< 0.001. miR-802 abundance was normalized to U6 level. 
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Supplementary Figure 4 (A-B) obesity induced macrophages proliferation tested by EdU staining 

(A) and flow cytometry analysis (FACS, B). (C) qRT-PCR was performed to test the miR-802 

expression levels in the 3T3-L1 cells transfected with miR-802 mimics or miR-802 inhibitor. (D-E) 

EdU staining (D) and FACS analysis (E) were used to detect the proliferation of RAW264.7 cells. 

(F) FACS analysis of LipidTOXTM in RAW 264.7 cells. (G) The CCL2 levels were determined with 

ELISA. Data represent mean ± SEM. Differences between groups were determined by ANOVA (C-
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D, G). **P < 0.01, ***P < 0.001. miR-802 abundance was normalized to U6 level. 
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Supplementary Figure 5 (A) miRPathDB, Targetscanand and multiMiR were used to predict the 

target genes of miR-802. (B-D) The mRNA and protein levels of TRAF3 in the epiWAT of ob/ob 

mice (B, n=3), db/db mice (C, n=3) or miR-802 KO mice (D, n=3). (E) Anti-Ago2 RIP was 

performed in 3T3-L1 cells transiently overexpressing Traf3, followed by qRT-PCR to detect miR-
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802 associated with Ago2 (nonspecific IgG served as a negative control). (F-G) Cells isolated from 

SVFs of epiWAT in control, Traf3eWAT KI, miR-802 KI and miR-802 KI & Traf3eWAT KI, mice fed with 

HFD 16 weeks were subjected to flow cytometry analysis for percentage of CD11b+/F4/80+ total 

macrophages (F, n =3) and M1 (CD86+CD206–) and M2 (CD206+CD86–) within the macrophage 

population (G, n=3). (H) Representative coronal section MRI images and visceral and subcutaneous 

adipose tissue volume of HFD-fed control, Traf3eWAT KI, miR-802 KI and miR-802 KI & Traf3eWAT KI 

mice. (I) Insulin tolerance test after mice were fed with HFD 16 weeks. (J) Serum insulin levels of 

control, miR-802 KI, Traf3eWAT KI and miR-802 KI & Traf3eWAT KI mice during 30 weeks of NCD or 

HFD feeding (n=7). Data represent mean ± SEM. Differences between groups were determined by 

ANOVA (E-F, I-J). ***P < 0.001. miR-802 abundance was normalized to U6 level, and other genes 

levels were normalized to 18S rRNA abundance. 
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Supplementary Figure 6 (A) GO analysis of RNA sequencing in epiWAT of miR-802 KI mice 

compared to their WT miR-802fl/fl littermates. (B) NIK protein levels in the epiWAT of miR-802 KO 

mice (n=3). (C) P100/52 protein levels in the epiWAT of miR-802 KO mice (n=3). (D) The protein 

levels of IKK-α and P-IKK-α in the epiWAT of miR-802 KO mice (n =3). Data represent mean ± 

SEM. 
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Supplementary Figure 7 (A-B) qRT-PCR was performed to detect Srebp1a mRNA levels in the 

3T3-L1 cells miR-802 mimics or miR-802 inhibitor (A) and in the epiWAT of miR-802 KI mice (B, 

n=3). (C) The predicted binding site of p65 on the Srebp1 promoter. (D-E) ChIP-PCR experiments 

were conducted to verify that p65 binds to the promoter of Srebp1 in the 3T3-L1 cells (D) and in 

the epiWAT of miR-802 KI mice (E, n = 3). (F) Representative images of immunofluorescence of 

lipid drop (HCS LipidTOXTM, Red) and DAPI (Blue). Scale bar: 20 μm. (G) Oil red O staining 

was performed to test the lipid droplet number in the 3T3-L1 cells transfected with miR-802 inhibitor. 
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(H) Immunohistochemical analysis was performed to test F4/80, CD86 and CD206 levels in the 

epiWAT of miR-802 KI mice (n=3), Scale bar: 20 μm. Data represent mean ± SEM. Differences 

between groups were determined by ANOVA (A-B). ***P < 0.001. Genes levels were normalized 

to 18S rRNA abundance. 
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Supplementary Table 1 Clinical characteristics of the patients with obese patients and 

normal individuals 

 Obesity Normal Total 

Number (male/female) 70 (35/35) 25(13/12) 95(48/47) 

Age (years) 33.90±10.04 39.56±12.51 35.39±10.96 

HOMA-IR 3.77±1.96 0.21±0.06 2.84±2.31 

Glucose (Mm) 8.39±1.55 4.84±0.54 7.46±2.07 

BMI 38.30±5.82 20.56±0.96 33.63±9.32 
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Supplementary Table 2 RNA islolated from epiWAT of wide type mice and miR-802 KI mice, 

this table shows significantly changed mRNA (Log2 (FPKM (miR-802 KI/WT)) ≥1).  

GeneName Ensembl_ID log2FC Pvalue Style 

Hoxa13 ENSMUSG00000038203 9.651807 0.01351 up 

Hoxd11 ENSMUSG00000042499 6.658209 0.006495 up 

Hoxc10 ENSMUSG00000022484 4.693734 0.007714 up 

En2 ENSMUSG00000039095 4.595353 0.035864 up 

srebp1a ENSMUSG00000020538 4.571764 0.009166 up 

Pitx1 ENSMUSG00000021506 4.341437 0.04596 up 

Pou2f3 ENSMUSG00000032015 4.150321 0.009676 up 

Hoxa11 ENSMUSG00000038210 3.980337 0.001692 up 

Isl1 ENSMUSG00000042258 3.860387 0.006858 up 

Hand2 ENSMUSG00000038193 3.725467 0.008763 up 

Klf14 ENSMUSG00000073209 3.49996 0.026366 up 

Smad9 ENSMUSG00000027796 2.841659 0.00793 up 

Myc ENSMUSG00000022346 2.752626 0.000554 up 

Hoxa10 ENSMUSG00000000938 2.700145 0.011039 up 

Mecom ENSMUSG00000027684 2.491253 0.000465 up 

Wt1 ENSMUSG00000016458 2.457969 0.008922 up 

Ikzf3 ENSMUSG00000018168 2.432464 0.001121 up 

Id3 ENSMUSG00000007872 2.411512 0.000256 up 

Gata5 ENSMUSG00000015627 2.323285 0.030167 up 

Hsf3 ENSMUSG00000045802 2.288822 0.006623 up 

Atoh8 ENSMUSG00000037621 2.25444 1.23E-09 up 

Mxd3 ENSMUSG00000021485 2.230772 0.002364 up 

Tbx21 ENSMUSG00000001444 2.182149 0.022158 up 

Tcf15 ENSMUSG00000068079 2.121915 0.026416 up 

Fosb ENSMUSG00000003545 2.120021 0.009825 up 

Nfatc2 ENSMUSG00000027544 2.101469 0.000191 up 

E2f2 ENSMUSG00000018983 2.049752 0.003236 up 

Hhex ENSMUSG00000024986 2.032146 0.000615 up 

Meis2 ENSMUSG00000027210 2.02506 0.001657 up 

Klf2 ENSMUSG00000055148 1.983177 0.000109 up 

Fos ENSMUSG00000021250 1.962284 0.009234 up 

Id4 ENSMUSG00000021379 1.952154 0.00125 up 

Id1 ENSMUSG00000042745 1.947201 2.84E-05 up 

Nr2f1 ENSMUSG00000069171 1.893459 0.000532 up 

Zfp532 ENSMUSG00000042439 1.870363 0.010996 up 

Batf2 ENSMUSG00000039699 1.817167 0.005769 up 

Tcf7l2 ENSMUSG00000024985 1.785068 0.000178 up 

Nfatc4 ENSMUSG00000023411 1.733202 0.00053 up 

Zbtb16 ENSMUSG00000066687 1.700151 0.001574 up 
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Gm9791 ENSMUSG00000044434 1.65468 0.049874 up 

Meis1 ENSMUSG00000020160 1.624023 8.06E-05 up 

Stat5b ENSMUSG00000020919 1.588919 0.005036 up 

Jdp2 ENSMUSG00000034271 1.528232 0.017023 up 

Meis3 ENSMUSG00000041420 1.516706 0.000168 up 

Hoxd10 ENSMUSG00000050368 1.51041 0.037859 up 

E2f1 ENSMUSG00000027490 1.480872 0.007018 up 

Sp100 ENSMUSG00000026222 1.46691 0.039014 up 

Stat5a ENSMUSG00000004043 1.427695 0.019569 up 

Zfp811 ENSMUSG00000055202 1.416561 0.003906 up 

Carhsp1 ENSMUSG00000008393 1.398672 0.004082 up 

Prox1 ENSMUSG00000010175 1.367738 0.031229 up 

Fosl1 ENSMUSG00000024912 1.339838 0.00617 up 

Zeb1 ENSMUSG00000024238 1.326205 0.015982 up 

Prrx2 ENSMUSG00000039476 1.321378 0.028109 up 

Tcf4 ENSMUSG00000053477 1.304501 0.013775 up 

Klf6 ENSMUSG00000000078 1.287591 4.22E-05 up 

Nr2f2 ENSMUSG00000030551 1.279173 0.019253 up 

Tsc22d3 ENSMUSG00000031431 1.27762 0.017579 up 

Twist2 ENSMUSG00000007805 1.268628 0.012384 up 

Hic1 ENSMUSG00000043099 1.267624 0.041162 up 

Creb3l1 ENSMUSG00000027230 1.266721 0.008765 up 

Elk3 ENSMUSG00000008398 1.233368 0.000975 up 

Irf5 ENSMUSG00000029771 1.206849 0.028752 up 

E2f7 ENSMUSG00000020185 1.179313 0.045124 up 

Irf8 ENSMUSG00000041515 1.157934 0.019144 up 

Atf5 ENSMUSG00000038539 1.145464 0.002427 up 

Nfatc1 ENSMUSG00000033016 1.145201 0.001501 up 

Klf4 ENSMUSG00000003032 1.130278 0.003696 up 

Klf11 ENSMUSG00000020653 1.121365 0.000285 up 

Zfp808 ENSMUSG00000074867 1.11147 0.00275 up 

Nfia ENSMUSG00000028565 1.099911 0.005283 up 

Mitf ENSMUSG00000035158 1.099293 0.004785 up 

Gli3 ENSMUSG00000021318 1.090808 0.006217 up 

Jun ENSMUSG00000052684 1.03333 3.60E-14 up 

Zfp874b ENSMUSG00000059839 1.002869 0.027519 up 

E430018J23Rik ENSMUSG00000078580 -1.00115 0.00899 down 

Sox4 ENSMUSG00000076431 -1.01503 2.93E-06 down 

9130019O22Rik ENSMUSG00000030823 -1.02271 0.005096 down 

Creb3l2 ENSMUSG00000038648 -1.02491 0.003621 down 

Zfp458 ENSMUSG00000055480 -1.03078 0.006384 down 

Zfp316 ENSMUSG00000046658 -1.03655 0.002049 down 

Ncor2 ENSMUSG00000029478 -1.05786 0.001175 down 
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Cers6 ENSMUSG00000027035 -1.06075 0.006106 down 

Litaf ENSMUSG00000022500 -1.06154 5.26E-05 down 

Pbx4 ENSMUSG00000031860 -1.08448 0.040166 down 

Bach2 ENSMUSG00000040270 -1.08683 0.020266 down 

Hoxb5 ENSMUSG00000038700 -1.09818 0.005408 down 

Zfp1 ENSMUSG00000055835 -1.10056 1.39E-06 down 

Zfp871 ENSMUSG00000024298 -1.10284 0.016568 down 

Zfp612 ENSMUSG00000044676 -1.11372 0.000339 down 

2810021J22Rik ENSMUSG00000020491 -1.11666 0.000271 down 

Sall2 ENSMUSG00000049532 -1.12955 0.004711 down 

Sox13 ENSMUSG00000070643 -1.1318 0.007724 down 

Plag1 ENSMUSG00000003282 -1.14004 0.026975 down 

Hmga1 ENSMUSG00000046711 -1.16212 0.001131 down 

Hoxd4 ENSMUSG00000079277 -1.164 0.001094 down 

Mzf1 ENSMUSG00000030380 -1.19607 0.00022 down 

Zfp213 ENSMUSG00000071256 -1.21342 0.004789 down 

Etv1 ENSMUSG00000004151 -1.22741 0.000872 down 

Bbx ENSMUSG00000022641 -1.24668 6.30E-06 down 

Hey2 ENSMUSG00000019789 -1.25209 0.021605 down 

Sox12 ENSMUSG00000051817 -1.25921 0.006839 down 

Vdr ENSMUSG00000022479 -1.26995 0.005441 down 

Hoxd8 ENSMUSG00000027102 -1.28756 0.000209 down 

Erf ENSMUSG00000040857 -1.31185 0.000252 down 

Zfp105 ENSMUSG00000057895 -1.32159 0.000478 down 

Gtf2ird1 ENSMUSG00000023079 -1.34195 0.007083 down 

Sox9 ENSMUSG00000000567 -1.38557 0.014846 down 

Hoxb3 ENSMUSG00000048763 -1.44753 9.20E-06 down 

Zfp13 ENSMUSG00000062012 -1.47314 4.17E-05 down 

Hoxb8 ENSMUSG00000056648 -1.48028 0.017419 down 

Klf1 ENSMUSG00000054191 -1.48493 0.005377 down 

Hoxb6 ENSMUSG00000000690 -1.50297 0.002964 down 

Zfp189 ENSMUSG00000039634 -1.50583 0.004554 down 

Runx1 ENSMUSG00000022952 -1.50718 0.011316 down 

Trp63 ENSMUSG00000022510 -1.53182 2.35E-06 down 

Sim1 ENSMUSG00000019913 -1.58265 0.005785 down 

Tcf24 ENSMUSG00000099032 -1.59684 0.001423 down 

Ebf4 ENSMUSG00000053552 -1.61954 0.000134 down 

Snai3 ENSMUSG00000006587 -1.68222 0.047432 down 

Bhlhe40 ENSMUSG00000030103 -1.68666 0.015231 down 

Gm6104 ENSMUSG00000062588 -1.69835 0.01131 down 

Bhlhe41 ENSMUSG00000030256 -1.73093 0.003425 down 

Zfp618 ENSMUSG00000028358 -1.73194 0.000579 down 

Hmgb3 ENSMUSG00000015217 -1.76117 0.000174 down 
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Hsf5 ENSMUSG00000070345 -1.76479 0.006223 down 

Trp73 ENSMUSG00000029026 -1.79092 0.001251 down 

Hoxb1 ENSMUSG00000018973 -1.79188 0.005758 down 

Hoxb7 ENSMUSG00000038721 -1.80942 1.85E-06 down 

Prdm6 ENSMUSG00000069378 -1.88098 0.02543 down 

Gm20939 ENSMUSG00000095193 -1.91425 0.00028 down 

Pax2 ENSMUSG00000004231 -1.94359 0.009466 down 

Emx2 ENSMUSG00000043969 -1.94656 4.23E-09 down 

Zkscan2 ENSMUSG00000030757 -1.96299 0.015069 down 

Nkx3-1 ENSMUSG00000022061 -2.03865 0.011156 down 

Pax9 ENSMUSG00000001497 -2.05567 0.022889 down 

Lef1 ENSMUSG00000027985 -2.06109 0.003616 down 

Scx ENSMUSG00000034161 -2.10484 7.74E-09 down 

Dlx3 ENSMUSG00000001510 -2.1411 0.011598 down 

Tcf7 ENSMUSG00000000782 -2.14481 0.001787 down 

Aire ENSMUSG00000000731 -2.16065 0.019215 down 

Etv4 ENSMUSG00000017724 -2.19505 0.023468 down 

Hoxd1 ENSMUSG00000042448 -2.20092 0.017915 down 

Hnf1a ENSMUSG00000029556 -2.20866 0.031263 down 

Zfp941 ENSMUSG00000060314 -2.22479 0.004722 down 

Nr1h5 ENSMUSG00000048938 -2.36293 0.014714 down 

Myb ENSMUSG00000019982 -2.39568 1.09E-09 down 

Tfcp2l1 ENSMUSG00000026380 -2.42119 7.41E-13 down 

Bhlhe22 ENSMUSG00000025128 -2.45754 0.006164 down 

Esrrg ENSMUSG00000026610 -2.46386 3.38E-06 down 

Glis1 ENSMUSG00000034762 -2.46484 0.001618 down 

Pou3f1 ENSMUSG00000090125 -2.51799 0.001973 down 

Tox3 ENSMUSG00000043668 -2.52657 1.02E-05 down 

Nfe2l3 ENSMUSG00000029832 -2.5395 0.000503 down 

Sall1 ENSMUSG00000031665 -2.55742 1.72E-05 down 

Dbx2 ENSMUSG00000045608 -2.56639 0.00521 down 

Sp5 ENSMUSG00000075304 -2.59169 3.22E-06 down 

Esr2 ENSMUSG00000021055 -2.62893 0.003077 down 

Hes2 ENSMUSG00000028940 -2.67322 0.001086 down 

Esrrb ENSMUSG00000021255 -2.72137 0.000244 down 

Pitx2 ENSMUSG00000028023 -2.73104 0.024335 down 

L3mbtl1 ENSMUSG00000035576 -2.76041 0.004755 down 

Pax8 ENSMUSG00000026976 -2.82564 0.005089 down 

Lhx1 ENSMUSG00000018698 -2.93839 0.001171 down 

Pou3f4 ENSMUSG00000056854 -3.0065 0.03371 down 

Foxi1 ENSMUSG00000047861 -3.03271 0.000474 down 

Evx1 ENSMUSG00000005503 -3.05044 4.01E-05 down 

Gfi1b ENSMUSG00000026815 -3.11227 7.72E-05 down 
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Zfp541 ENSMUSG00000078796 -3.13686 0.000672 down 

Mycn ENSMUSG00000037169 -3.14579 5.11E-07 down 

Arnt2 ENSMUSG00000015709 -3.14871 0.00319 down 

Tcfl5 ENSMUSG00000038932 -3.16475 0.001862 down 

Mesp2 ENSMUSG00000030543 -3.30298 0.00088 down 

Foxj1 ENSMUSG00000034227 -3.45902 2.02E-05 down 

Lhx4 ENSMUSG00000026468 -3.47487 4.04E-05 down 

Ascl2 ENSMUSG00000009248 -3.48941 0.000492 down 

Tfap2b ENSMUSG00000025927 -3.51738 1.43E-14 down 

Hnf4a ENSMUSG00000017950 -3.58372 0.000256 down 

Gm17067 ENSMUSG00000091594 -3.60455 0.016235 down 

Scrt2 ENSMUSG00000060257 -3.63211 2.55E-06 down 

Zfp488 ENSMUSG00000044519 -3.63919 0.04901 down 

Nr1i2 ENSMUSG00000022809 -3.79131 0.031518 down 

Zfp474 ENSMUSG00000046886 -3.88809 8.20E-06 down 

Hmgb4 ENSMUSG00000048686 -4.01943 4.76E-05 down 

Gm6871 ENSMUSG00000090744 -4.02229 8.57E-07 down 

Nkx2-6 ENSMUSG00000044186 -4.04249 0.015039 down 

Tbx22 ENSMUSG00000031241 -4.19646 3.97E-08 down 

Traf3 ENSMUSG00000021277 -4.20009 3.99E-05 down 

Rnf138rt1 ENSMUSG00000083695 -4.55924 0.003643 down 

Cdx2 ENSMUSG00000029646 -4.59039 0.008581 down 

L3mbtl4 ENSMUSG00000041565 -5.27874 0.006449 down 
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Supplementary Table 3 Primer sequences used for RT-PCR 

Gene Forward strand (5’-3’) Reverse strand (5’-3’) 

oe-Traf3 CCGCTCGAGATGGAGTCAAGCAAAAAG CGCGGATCCTCAGGGGTCAGGCAGATC 

oe-Srebp1 GGAATTCCATGGACGAGCTGGCCTTCGGTGA

GG 

TTGCGGCCGCAATAGCTGGAAGTGACGGT

GGTTCCG 

oe-p65 GGAATTCCATGGACGATCTGTTTCCCCT TTGCGGCCGCAAGGAGCTGATCTGACTCA

AAAGA 

oe-RelB GGAATTCCATGCCGAGTCGCCGCGCTG TTGCGGCCGCAACGTGGCTTCAGGCCCTG

GAGAT 

Traf3-WT TCGAGCATCCTAAAATTCAAGAGTGCAATCTT

GTTTCAAATATAGTATATT 

CTAGAATATACTATATTTGAAACAAGATTG

CACTCTTGAATTTTAGGATGC 

Traf3-mut TCGAGGTTAGTGACACTACTTCATCCGTCAC

ATGAGAGGGACAATGCTCAT 

CTAGATGAGCATTGTCCCTCTCATAAGGCA

GTGTGAAGTAGTGTCACTAAC C 

RelA-WT AACTGGGTTAGGTAGGGAATGCTTTCTCTGG

GGAGCCTG 

GCAGGCTCCCCAGAGAAAGCATTCCCTAC

CTAACCCAGTT 

RelA-mut AACTGGGTTAGGTCTTTGGCAAGTTCTCTGG

GGAGCCTGC 

GCAGGCTCCCCAGAGAACTTGCCAAAGA

CCTAACCCAGTT 

Adipoq-Cre ACGGACAGAAGCATTTTCCA GGATGTGCCATGTGAGTCTG 

miR-802 KO 

allele 

GCATCGCATTGTCTGAGTAGGTG AGTGCAGTTACCCGTCACCA 

miR-802 KI 

allele 

CTAGAGCCTCTGCTAACCATGTTC AAGAGCCTTCAGTAAAGAGCAGG 
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Supplementary Table 4 Oligo sequences used for shRNA. 

Gene Forward strand (5’-3’) Reverse strand (5’-3’) 

Sh-Traf3-1 GATCCGAATGAAAGTGTTGAGAAA 

TTCAAGAGATTTCTCAACACTTTCATT

C TTTTTTG 

AATTCAAAAAAGAATGAAAGTGTTGAG

AAATCTCTTGAATTTCTCAACACTTTCA

TTC G 

Sh-Traf3-2 GATCCCGGTGGAAGACAAGTACAA 

TTCAAGAGATTGTACTTGTCTTCCACC

G TTTTTTG 

AATTCAAAAAACGGTGGAAGACAAGTA

CAATCTCTTGAATTGTACTTGTCTTCCA

CCG G 

Sh-Traf3-3 GATCCGGAAGATCCGTGACTACAATTC

AAGAGATTGTAGTCACGGATCTTCC 

TTTTTTG 

AATTCAAAAAAGGAAGATCCGTGACTA

CAATCTCTTGAATTGTAGTCACGGATCT

TCC G 

Sh- p65-1 GATCCGCCTCATCCACATGAACTTGT 

TTCAAGAGAACAAGTTCATGTGGATG

AGGCTTTTTTG 

AATTCAAAAAAGCCTCATCCACATGAA

CTTGTTCTCTTGAAACAAGTTCATGTGG

ATGAGGC G 

Sh- p65 -2 GATCCGCGAATCCAGACCAACAATAA 

TTCAAGAGATTATTGTTGGTCTGGATT

CGC TTTTTTG 

AATTCAAAAAAGCGAATCCAGACCAAC

AATAATCTCTTGAATTATTGTTGGTCTG

GATTCGC G 

Sh- p65 -3 GATCCGGACCTATGAGACCTTCAAGAT

TCAAGAGATCTTGAAGGTCTCATAGGT

CCTTTTTTG 

AATTCAAAAAAGGACCTATGAGACCTT

CAAGATCTCTTGAATCTTGAAGGTCTCA

TAGGTCC G 

Sh-RelB-1 GATCCGCTACGGTGTGGACAAGAATTC

AAGAGATTCTTGTCCACACCGTAGC 

TTTTTTG 

AATTCAAAAAAGCTACGGTGTGGACAA

GAATCTCTTGAATTCTTGTCCACACCGT

AGC G 

Sh-RelB-2 GATCCGGATTTGCCGAATCAACAATTC

AAGAGATTGTTGATTCGGCAAATCC 

TTTTTTG 

AATTCAAAAAAGGATTTGCCGAATCAAC

AATCTCTTGAATTGTTGATTCGGCAAATC

C G 

Sh-RelB-3 GATCCCAGAAATCATCGACGAATATTC

AAGAGATATTCGTCGATGATTTCTG 

TTTTTTG 

AATTCAAAAAACAGAAATCATCGACGA

ATATCTCTTGAATATTCGTCGATGATTTCT

G G 

Sh-Srebp1-1 GATCCGCAGCAGCAAGCACTTCAATTC

AAGAGATTGAAGTGCTTGCTGCTGC 

TTTTTTG 

AATTCAAAAAAGCAGCAGCAAGCACTT

CAATCTCTTGAATTGAAGTGCTTGCTGC

TGC G 

Sh-Srebp1-2 GATCCGCTACAGCAGCTATTCCAATTC

AAGAGATTGGAATAGCTGCTGTAGC 

TTTTTTG 

AATTCAAAAAAGCTACAGCAGCTATTCC

AATCTCTTGAATTGGAATAGCTGCTGTA

GC G 

Sh-Srebp1-3 GATCCGGGTCAACAGCAACTCCAA 

TTCAAGAGATTGGAGTTGCTGTTGACC

CTTTTTTG 

AATTCAAAAAAGGGTCAACAGCAACTC

CAATCTCTTGAATTGGAGTTGCTGTTGA

CCCG 
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Supplementary Table 5 The primers used in Real-time PCR (5’-3’). 

Gene  Forward Primer Reverse Primer 

Mus-miR-802-5p CGGCGTCAGTAACAAAGATTC TATGGTTTTGACGACTGTGTGAT 

Pri-mus-miR-802 TCCCCACCTGACTCTACATAACCT CGTCCTCTCATCTTCCCTTTCGA 

Mus-Traf3 CAGCCTAACCCACCCCTAAAG TCTTCCACCGTCTTCACAAAC 

Mus-Srebp1a 
ATGGACGAGCTGGCCTTCGGTGAGGCG

GC 

CA 

GGAAGGCTTCCAGAGAGGA 

Mus-Tnf-α CCCTCACACTCAGATCATCTTCT GCTACGACGTGGGCTACAG 

Mus-Il-6 TAGTCCTTCCTACCCCAATTTCC TTGGTCCTTAGCCACTCCTTC 

Mus-Il-1β GCAACTGTTCCTGAACTCAACT ATCTTTTGGGGTCCGTCAACT 

Mus-iNos GTTCTCAGCCCAACAATACAAGA GTGGACGGGTCGATGTCAC 

Mus-Ccl2 TTAAAAACCTGGATCGGAACCAA GCATTAGCTTCAGATTTACGGGT 

Mus-Fizz-1 CCAATCCAGCTAACTATCCCTCC ACCCAGTAGCAGTCATCCCA 

Mus-Ym1 CAGGTCTGGCAATTCTTCTGAA GTCTTGCTCATGTGTGTAAGTGA 

Mus-Arg1 CTCCAAGCCAAAGTCCTTAGAG AGGAGCTGTCATTAGGGACATC 

Mus-Il-10 GCTCTTACTGACTGGCATGAG CGCAGCTCTAGGAGCATGTG 

Mus-F4/80 TGACTCACCTTGTGGTCCTAA CTTCCCAGAATCCAGTCTTTCC 

Mus-Adipor1 AGACAACGACTACCTGCTACA GTGGATGCGGAAGATGCTCT 

Mus-Adipor2 GGAGTGTTCGTGGGCTTAGG GCAGCTCCGGTGATATAGAGG 

Mus-Col1a1 GCTCCTCTTAGGGGCCACT CCACGTCTCACCATTGGGG 

Mus-Col3a1 CTGTAACATGGAAACTGGGGAAA CCATAGCTGAACTGAAAACCACC 

Mus-Col4a1 CTGGCACAAAAGGGACGAG ACGTGGCCGAGAATTTCACC 

Mus-Col6a1 CTGCTGCTACAAGCCTGCT CCCCATAAGGTTTCAGCCTC 

Ccl5 GCTGCTTTGCCTACCTCTCC TCGAGTGACAAACACGACTGC 

Ccl7 GCTGCTTTCAGCATCCAAGTG CCAGGGACACCGACTACTG 

Ccl12 ATTTCCACACTTCTATGCCTCCT ATCCAGTATGGTCCTGAAGATCA 

Ccl19 GGGGTGCTAATGATGCGGAA CCTTAGTGTGGTGAACACAACA 

Ccl20 GCCTCTCGTACATACAGACGC CCAGTTCTGCTTTGGATCAGC 

Ccl21a GTGATGGAGGGGGTCAGGA GGGATGGGACAGCCTAAACT 

Cxcl2 CCAACCACCAGGCTACAGG GCGTCACACTCAAGCTCTG 

U6 CAGCACATATACTAAAATTGGAACG ACGAATTTGCGTGTCATCC 

Gapdh AGGTCGGTGTGAACGGATTTG TGTAGACCATGTAGTTGAGGTCA 

18S CCCGAAGCGTTTACTTTGA ACTTTGGTTTCCCGGAAG 

Hus-miR-802-5p GCCGCGCAGTAACAAAGATT TATGGTTGTTCACGACTCCTTCAC 

Hus-pri-miR-802-5p TTCTCTGCAGCCTCTTGTGTCAT TTCTCCTTGTTGCATGATGGACA 

Hus-Traf3 TCTTGAGGAAAGACCTGCGAG GCGATCATCGGAACCTGACT 

Chip R1 ACACAATCTTCAGTGTGAA GTAAAATGGTAAACGTGTGT 

Chip R2 TATACACTATATAACGAGG ACGGCCAGCCCCCACCTGT 

Chip R3 AAAGCGTGGACAGAGCTGA CGTCGTGTGCTCCACAGCA 

Chip R4 CGACCCCAGCCAAGGCCAG GTGCTAGATTCGTGTACAA 

Chip R5 TAACATATATATAGAGGGG GCCTGGCTACCCTCTAGCA 

Chip R6 GTTGGTGTTTTGTCTGGGA TGCGGGCTGGCCTGGGGTG 
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Chip R7 GGAAAGGGGACAAACAGAA AGCCTTTCTTAGAGGCCCA 

Chip R8 ATGCCAAGTGCTGAGCCAT GGCAAGTCCCCTGCAAGTT 

Chip R9 GGGCACAGCTTGCATGCCA CTGGCGTGAGGCCTAGGTT 

Chip R10 AAGCCTGGCCCCGGTTTTC TGCCGTTGTAATCCCCGTG 

Chip R11 AGCTCTTCTTCCTCGGAGT AGTTACTTTGCCAGTCTAG 

Chip R12 CCTGTCCTTCCACAAGAA TAAGGTAGGTGAGCAGGC 

Chip R13 CTGGGTTAGGTAGGGAAT TAAGGTAGGTGAGCAGGC 

Chip R14 TGGGTTAGGTAGGGAATG CTCTGCATCACCACAGAAA 

Chip R15 GAGCAAAGAAAAGTTTCTG AGGCCAGGAAGGGACATAG 

Chip R16 AGAGGTGCAGCCCCTCTG ATGAGTGTTCCTTCTCCT 

Chip R17 TGGCCATCTCCCTCCTAC GCAGTTGTCAGTCACCCA 

Chip R18 GGTCCATGCTCAGAAAGC GATCATGAGAGCACACAG 

Chip R19 TCTATATTGTAGATCAAT GGGGGATTCATCTAGACCT 

Chip R20 AGACAGCAGTAGGAGGTTA ATGGCTAGGTTTTCTTATG 
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