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Abstract 23 

Background: Innate immunity plays an essential role in preventing the invasion of pathogenic 24 

microorganisms. However, innate immunity is a double-edged sword, whose excessively activated 25 

is detrimental to immune homeostasis and even leads to "cytokine storm" of the infected host. A 26 

series of negative regulatory mechanisms are developed by the host to balance the immune response. 27 

Here, we report a negative regulatory mechanism of chicken innate immunity mediated by miRNA. 28 

Results：In this study we found that the miR-126-5p is markedly up-regulated in RNA virus infected 29 

chickens in GEO database. Then, the upregulation of the miR-126-5p by RNA virus was further 30 

verified via both cell model and in vivo test. Overexpression of miR-126-5p significantly inhibits 31 

the expression of interferon related genes and inflammatory cytokines evoked by RNA virus. The 32 

opposite result was achieved after knocking down miR-126-5p expression. Bioinformatics analysis 33 

indicated TRAF3 as the candidate target gene of miR-126-5p, and experimental evidence, such as 34 

the effects of miR-126-5p on the endogenous expression of TRAF3, and the effect of miR-126-5p 35 

on TRAF3 3'UTR drove luciferase reporter assay, were provided to further verify that miR-126-5p 36 

targets TRAF3. Furthermore, we demonstrated that miR-126-5p negatively regulates innate 37 

immunity by blocking the MAVS-TRAF3-TBK1 axis, with co-expression assay. 38 

Conclusion: Our results suggest that miR-126-5p is involved in the negative regulation of the 39 

chicken innate immunity, which might contribute to maintaining immune balance.  40 

 41 
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 43 
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Introduction 67 

Innate immunity system as the first line of host defense against pathogenic microorganisms. During 68 

viral or bacterial infections, the innate immune system through a series of pattern-recognition 69 

receptors (PRRs), including Toll-like receptors (TLRs), and retinoic acid-inducible gene I (RIG-I) -70 

Like receptor (RLR), the nucleotide-binding oligomerization domain (NOD)-like receptor family 71 

proteins (NLRs), to recognize specific pathogen-associated molecular patterns (PAMPs) and cause 72 

the release of type I interferons (IFNs) and inflammatory cytokines, trigger antiviral innate immune 73 

response 1, 2. 74 

RNA viruses such as influenza A virus (IAV), Avian influenza virus (AIV) and Newcastle disease 75 

virus (NDV) cause serious diseases in humans and animals, especially chickens, which have a high 76 

mortality rate after infection3. TRLs, RLRs and NLRs are the three important influenza virus PRRs 77 

for the host. They are distributed on the surface and in the cytoplasm of cells. RLRs include retinoic 78 

acid inducible gene I (RIG-I), melanoma differentiation associated gene 5 (MDA5), and laboratory 79 

of genetics and physiology 2 (LGP2)4. However, chicken lacks RIG-I, and chMAD5 plays more 80 

important role in recognizing RNA viruses, compared with mammalian MDA55, 6. In mammals, 81 

during virus infection, RIG-I and MAD5 interaction with virus RNA, and recruit tumor necrosis 82 

factor receptor associated factor 3 (TRAF3) through the adaptor protein MAVS, TRAF3 also as an 83 

adaptor protein to phosphorylate TANK-binding kinase 1 (TBK1) and inhibitor of nuclear factor-84 

κB (IκB) kinase (IKK) to dephosphorylate the transcription factor IRF3 into the nucleus to activate 85 

the production of type I interferon7, 8. In birds, IRF3 is also missing, but they have IRF7, and the 86 

structure of avian IRF7 is similar to IRF3, and it also activates the secretion of type I interferon9, 10. 87 

Virus infection will cause a "cytokine storm", which is utilized to control early acute infections and 88 
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induce antigen-specific immune responses to viral infections, but it may also cause tissue damage 89 

and even death in patients11, 12. "Cytokine storm" is caused by the sudden and sharp increase in 90 

circulating levels of various pro-inflammatory cytokines including IL-6, IL-8, IL-1β, TNF-α and 91 

interferon. Among them, IL-1β activates the release of IL-6, IL-8 and other pro-inflammatory 92 

cytokines, and plays an important role in host immunity and epidemic prevention13, 14. 93 

MiRNAs are small non-coding RNAs that regulate gene expression directly binding to mRNA and 94 

influencing translation efficiency15. Studies have demonstrated that miRNAs have unique 95 

expression profiles in innate and adaptive immune cells, such as monocytes, macrophages, dendritic 96 

cells (DCs), T and B cells. And miRNAs play key role in the regulation host immune and "Cytokine 97 

storm" 16-18. The evidence shows that miRNAs can also affect the replication and pathogenesis of 98 

RNA viruses by directly binding to the RNA virus genome or through virus-mediated changes in 99 

the host transcriptome19. Generally, during viral infection, viral proteins inhibit pattern recognition 100 

receptor recognition or downstream signal cascades to prevent the production of ISGs. However, it 101 

has recently been proposed that virus-mediated regulation of IFN signaling cascades by altering 102 

host miRNAs level.  103 

In this study, we analyzed the transcriptome data (GSE111868) of chickens infected with Newcastle 104 

disease (NDV) and avian influenza (AIV) and found that miR-126-5p is a differentially expressed 105 

miRNAs, and RNA viruses such as AIV and NDV infection chicken DF1 cells significantly increase 106 

gga-miR-126-5p expression, miR-126-5p in chicken DF1 cells inhibits innate immune and 107 

inflammatory cytokines related genes expression, promotes RNA virus replication by targeting 108 

TRAF3. At the same time, we also found that chTRAF3 interacts with chMAVS and chTBK1, and 109 

overexpression of chTRAF3 significantly activate the innate immunity of chicken. In conclusion, 110 
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in this study we found that miR-126-5p promote RNA virus replication by targeting TRAF3. 111 

 112 

 113 

 114 

 115 

 116 

 117 

 118 

 119 

 120 
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Materials and Methods 133 

Cell culture and virus 134 

Chicken embryonic fibroblast cell line DF1 and human 293T cells were obtained from ATCC and 135 

cultured in DMEM supplemented with 10% FBS and cells were incubated at 37 ℃ in a 5% CO2 136 

incubator. Newcastle disease virus (NDV) strain Herts/33 was obtained from the China Institute of 137 

Veterinary Drug Control (Beijing, China). Avian influenza virus (AVI). The 138 

A/Chicken/Shanghai/010/2008 (H9N2) virus (SH010) was isolated from chicken in Shanghai, 139 

China, in 2008 and identified as H9N2 avian influenza A virus. The viruses were purified, 140 

propagated, and stored as described in our previous study20.   141 

Animal and treatment 142 

Eighteen 3‐weeks‐old SPF were purchased from the Shanghai Academy of Agricultural Sciences. 143 

All chicken were kept in negative-pressure-filtered air isolators and fed as recommending. After one 144 

week of adaptation. Eighteen SPF chickens were randomly divided into three groups: the control 145 

group (control); the Newcastle disease virus infected group (NDV) and the avian influenza virus 146 

infected group (AIV). The virus was diluted with phosphate buffer solution (PBS) and inoculated 147 

by eye and nose drops. The AIV group was inoculated with 104 EID50 AVI virus, the NDV group 148 

was inoculated with 105 EID50 NDV virus, and the control group was inoculated with 200 ul PBS. 149 

Three days after the inoculation, the chickens in each group were stunned with ether and killed. The 150 

spleens, livers, kidney, trachea, bursa of fabricius of these animals were collected, then immediately 151 

frozen in liquid nitrogen and stored at −80 °C for later use. 152 

Construction of plasmid 153 

The TRAF3 overexpression vector was constructed by using a pcDNA3.1 according to 154 
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manufacturer's instructions. Using the DF1 cells RNA, reverse transcription into cDNA, NCBI to 155 

find the chicken TRAF3 sequence (NC_006092.5), primers were designed to amplify CDs region 156 

fragment. According to the pcDNA3.1(+) vector map. Primer sequence is as following: 157 

TRAF3 158 

Forward primer: TAGTCCAGTGTGGTGGAATTCATGGACACCAGTAAGAAGACA 159 

Reverse primer: AACGGGCCCTCTAGACTCGAGTCAGGGGTCTGGTAGATCCGA 160 

Cell transfection 161 

DF1 were seeded in 12-well or 6-well plates and transfected with miR-126-5p mimics or mimics 162 

control (NC), miR-126-5p inhibitor or inhibitor control (NA) (GenePharma, Shanghai, China) at 163 

100 nmol/L was performed with Lipofectamine 2000 according to the manufacturer's protocol. 164 

Bioinformatics Screening and miR-324-5p Target Gene Prediction 165 

The RNA virus infection chicken differential miRNA microarray dataset GEO: GSE111868 was 166 

initially downloaded from the NCBI GEO portal (https://www.ncbi.nlm.nih.gov/geo/query/acc. 167 

cgi?acc= GSE111868). We systematically analyzed differentially expressed miRNAs (DEGs) of 168 

NDV F48E9, La Sota infection chicken embryos using the R package limma. |Log fold change 169 

(FC)| >2 and a p value <0.05 were set as the threshold to screen out the DEGs. The online software 170 

sanger box (http://sangerbox.com/Tool) was used to draw Ven Maps, Heat Maps and Volcano Maps. 171 

RNA extraction and qPCR 172 

Cells total RNAs were extracted with TRLZOL reagent (Takara, Otsu, Japan). mRNA was reverse‐173 

transcribed with reverse transcription kits (Takara), and the cDNA analysed using the SYBR green 174 

PCR mix (Vazyme, Nanjing, China) with the Applied Biosystems machine (ABI 7500; Thermo 175 

Fisher Scientific). Relative gene expression was analyzed using the 2−ΔΔCt method. The β‐actin and 176 

https://www.ncbi.nlm.nih.gov/geo/query/acc
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U6 small RNA were the internal reference when examining the level of genes and miR‐126‐5p. The 177 

primer sequences for the genes are shown in Table1. 178 

Dual-luciferase reporter assays 179 

The wild-type of TRAF3 and the mutant devoid of miR-126-5p binding site were cloned in pmiR-180 

GLO plasmid, construction of pmiR-TRAF3-WT-GLO or mutant pmiR-TRAF3-mutant-GLO 181 

plasmid, then cotransfection with miR-126-5p mimics or NC into 293T. At 48h post-transfection, 182 

luciferase activities were measured using the dual-luciferase reporter assay system (Promega) 183 

according to the manufacturer's protocol. Primer sequence is as following: 184 

TRAF3-3’UTR 185 

Forward primer: GAGCTCGCTAGCCTCGAGAGGATTTTTGTTTTGTTCTGTT 186 

Reverse primer: CTGCAGGTCGACTCTAGATTTCTAAAGAGAAATAACAGAA 187 

TRAF3-3’UTR- mutant 188 

Forward primer: GTTTCGTGTTCTGCTTTGTAAGAAGATCTTGGA 189 

Reverse primer: AGCAGAACACGAAACAGAGACCAGATGAGGCCTTA 190 

Coimmunoprecipitation assay and Western Blotting  191 

The coimmunoprecipitation (Co-IP) was performed as in our previous study. The 293T were 192 

seeded in 60 mm dishes, after the cells are more than 80% confluent, they are transfected with 193 

10 μg empty or various expression plasmids. Twenty-four hours post-transfection, the medium 194 

was removed and washes twice with ice-cold PBS. Then cells were lysed with 400 mL RIPA 195 

Lysis Buffer (Beyotime, Shanghai, China) containing protease cocktail (Yeasen, Shanghai, 196 

China) on ice for 30min. Lysates were centrifuged at 14,000xg for 10 min. The supernatant was 197 

transfered to a fresh tube and precipitated with 20 μL of anti-Flag or anti-HA  immunological 198 
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Beads (Bimake, Shanghai, China) for 4h at 4℃. The immunomagnetic beads was washed with 199 

cold TBS twice eluted with TBS and 6 x SDS loading buffer (Yeasen, Shanghai, China) by 200 

boiling for 10 min. The cell lysates was also eluted with TBS and 6 x SDS loading buffer and 201 

boiling. The proteins isolated were separated by SDS-PAGE and analyzed by Western blotting 202 

using the indicated antibodies. The images were collected with a Tanon 5200 imaging systems 203 

(Tanon, Shanghai, China). 204 

Statistical analysis   205 

Results are expressed as the mean ± SD. GraphPad Prism 8.0 was utilized to graph the results. Data 206 

were analyzed by Student's t test. p < 0.05 was considered statistically significant, and p < 0.01 was 207 

considered highly statistically significant (*p < 0.05; **p < 0.01).  208 

 209 

 210 

 211 

 212 

 213 

 214 

 215 

 216 

 217 

 218 

 219 

 220 
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Results 221 

The expression of miR-126-5p is upregulated by RNA virus in chicken 222 

MiRNAs are a kind of small non-coding RNA that regulation of many biological processes in cells. 223 

A large number of studies have demonstrated that miRNAs also influence virus replication. In order 224 

to explore the miRNAs that that affect virus replication, we analyzed the microarray dataset GEO 225 

(GSE111868) and previous research results21 that chickens infected with Newcastle disease (NDV) 226 

and avian influenza (AIV) (Figure.S1A), found that miR-126-5p was significantly up-regulated 227 

(Figures.S1B and C). The expression level of the miRNA is closely related to its function. In order 228 

to explore the role of miR-126-5p in the process of virus invasion, we tested the expression level of 229 

miR-126-5p in different tissues of chickens, and found that the expression of miR-126-5p was the 230 

highest in the spleen of chickens and the lowest in the bursa of Fabricius (Figure.1A). The spleen is 231 

an immune organ of the body, and miR-126-5p has a high expression level, indicating that miR-232 

126-5p may be related to the immune of chickens. Next, we tested the expression of miR-126-5p in 233 

different tissues after chickens were infected with NDV and AIV. It was noted that both NDV and 234 

AIV virus infection significantly increase the expression of miR-126-5p (Figure.1B). In order to 235 

further explore the changes of miR-126-5p in the process of RNA virus invasion, we used AIV, 236 

NDV virus and double-stranded RNA (dsRNA) analogue poly (I:C) which is a simulative stimulus 237 

of virus RNA, to infect chicken DF1 cells. Cells at different time points of infection were collected 238 

and to detect the expression of miR-126-5p, it was found that NDV and poly(I:C) significantly 239 

increase the expression of miR-126-5p after 6h of infection, while AIV, NDV and poly(I:C) 240 

significantly increase the expression of miR-126-5p after 24h of infection (Figures.1B, C & D). This 241 

suggests that miR-126-5p may be involved in the regulation of host responses to RNA virus 242 
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infection or to RNA virus pathogen associated molecular patterns (PAMPs). 243 

Bioinformatics analyses indicate miR-126-5p involved in the regulation of innate immunity 244 

To investigate the function of miR-126-5p in chicken innate immunity, we through analysis of miR-245 

126-5p mature seed sequence revealed that miR-126-5p was highly conserved in humans, pigs, 246 

cattle, chickens and other species (Figure.2A). This suggests that miR-126-5p played an important 247 

role in species evolution. In addition, Kyoto Encyclopedia of Genes and Genomes (KEGG) and 248 

Gene Ontology (GO) analysis the target gene of miR‐126‐5p revealed that it was involved in the 249 

regulation of multiple innate immune-related signal pathways, such as Toll-like receptor signaling 250 

pathway, RIG-I like preceptor signaling pathway (Figure.3B). Go analysis unveiled that the majority 251 

of genes were participated regulates immune cell differentiation and inflammatory factor secretion 252 

(Figure.2C). These implied that miR-126-5p has notable effects in chicken innate immunity. 253 

Overexpression of miR-126-5p inhibits chicken antiviral innate immunity during NDV 254 

infection 255 

In order to verify that miR-126-5p participate in the regulation of chicken innate immunity, we 256 

transfected DF1 cells with miR-126-5p mimics or NC (negative control), by detecting innate 257 

immune related genes IFNβ, eukaryotic translation initiation factor 2 alpha kinase 2 (PKR), MX1–258 

myxovirus (influenza virus) resistance 1 (MX1), inflammatory cytokine related genes interleukin 259 

1β (IL-1β), interleukin 6 (IL-6) and Interleukin-8 (IL-8) expression, found that miR-126-5p mimics 260 

significantly increase the expression of miR-126-5p (Figure.3A), overexpression of miR-126-5p 261 

inhibits the expression of the above genes, but only significantly reduce IFNβ, IL -6 expression 262 

(Figures.3B and C). While transfected DF1 cells with miR-126-5p mimics or NC, followed by 263 

infection RNA virus NDV for 12 hours (Figure.3D), found that overexpressing of miR-126-5p 264 
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markedly inhibit innate immune and inflammatory cytokine related genes expression (Figures.3 E 265 

and F). These indicate that RNA virus used miR-126-5p to evade the host's antiviral innate immune 266 

response. 267 

 Inhibition of miR-126-5p promoted chicken antiviral innate immunity during NDV infection 268 

Overexpression of miR-126-5p inhibit the expression of chicken antiviral innate immunity related 269 

genes. In order to further prove the role of miR-126-5p in chicken antiviral innate immunity, we 270 

through loss of function studies, transfection DF1 cells with miR-126-5p inhibitor or NA (Negative 271 

control) and detect the RNA expression of innate immune related genes. It was found that miR-126-272 

5p inhibitor significantly inhibited the expression of miR-126-5p (Figure.4A). And inhibiting of 273 

miR-126-5p increased the expression of IFNβ and MX1 and PKR (Figure.4B), and obviously 274 

increased the expression of inflammatory cytokine related genes IL-1β, IL-6 and IL-8 (Figure.4C). 275 

Similarly, after inhibiting the expression of miR-126-5p infection of RNA virus NDV significantly 276 

promote the expression of IFNβ, PKR, MX1, IL-1β, IL-6 and IL-8 (Figures.4D, E & F). These show 277 

that inhibition of miR-126-5p promote chicken antiviral innate immunity after RNA virus invasion. 278 

These results also point out that miR-126-5p participate regulate chicken antiviral innate immunity. 279 

Interferon signaling pathway has no role in regulation of the expression of miR-126-5p 280 

After the virus infection of the host, it activates the interferon signal pathway and promotes the 281 

expression of interferon-stimulated genes (ISGs) in response to virus invasion. In this study we 282 

found, virus invasion significantly increases the expression of miR-126-5p, and KEGG analysis also 283 

found that miR-126-5p participate in the regulation of type I interferon signaling pathway 284 

(Figure.2B). These indicating that miR-126-5p maybe an interferon stimulated gene. To prove this 285 

speculation, we overexpressed chicken IFNβ in DF1 cells (Figure.5A), and found that 286 
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overexpression of IFNβ significantly increased the expression of ISGs, such as PKR and MX1 287 

(Figure.5B), but did not affect the expression of miR-126-5p (Figure.5C), These means that the 288 

interferon signaling pathway could not regulate the expression of miR-126-5p, and miR-126-5p was 289 

not an ISGs. 290 

MiR-126-5p promotes RNA virus replication 291 

Immune-related genes are essential for regulating virus replication. In this study, we found that miR-292 

126-5p regulates the expression of immune-related genes. To investigate the regulator role of miR-293 

126-5p in NDV replication. After we transfecting miR-126-5p mimics or inhibitor into DF1 cells, 294 

followed by infection with NDV at a multiplicity of infection 0.01 MOI, then determine the copy 295 

number of the virus in the cells and culture medium, by detecting the expression of the NDV NP 296 

gene. The expression of NDV NP RNA is a sign of virus replication, was significantly increased in 297 

the intracellular and supernatant after overexpression miR-126-5p (Figure.6 A & B), while 298 

inhibition the expression of miR-126-5p obviously decreased the NDV NP RNA expression 299 

(Figure.6 C & D). At the same time, we used the above supernatant of transfecting DF1 cells with 300 

the miR-126-5p mimics, inhibitor or NC, followed by infection with NDV for the measurement of 301 

viral load by standard assay, such as 50% tissue culture infective dose (TCID50) by infecting DF1 302 

cells. Overexpression miR-126-5p markedly increased NDV viral titer and inhibition of miR-126-303 

5p reduce viral titer as determined by TCID50 assay (Figure.6 E & F). Thess result shows that 304 

overexpression of miR-126-5p promoting the replication of NDV virus, while inhibition of miR-305 

125-5p inhibiting NDV virus replication. To further confirm these results, we infected DF1 cells 306 

with NDV-GFP virus and VSV-GFP virus after overexpression or inhibition of miR-126-5p, and 307 

found that overexpression of miR-126-5p increased the fluorescence intensity, while inhibiting miR-308 
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126-5p decreased the fluorescence intensity (Figure.6 G). This suggests that miR-126-5p promotes 309 

RNA virus replication. 310 

MiR-126-5p inhibition chicken antiviral innate immunity by targeting TRAF3 311 

MiRNA exerts a regulatory function by binding target gene mRNA 3'UTR to inhibit the translation 312 

of the target gene. In order to understand the molecular mechanism of miR-126-5p in regulation of 313 

chicken antiviral immune responses during the RNA virus NDV infection. We used online target 314 

gene prediction software Targetscan and found TRAF3 was a candidate target gene of miR-126-5p 315 

(Figure.7A). Overexpression of miR-126-5p significantly inhibits the expression of TRAF3 316 

(Figure.7B), while inhibition of miR-126-5p radically increases the expression of TRAF3 317 

(Figure.7C), indicating that miR-126-5p has a regulatory relationship with TRAF3. MiRNAs bind 318 

to target genes to inhibit target gene translation and promote target gene degradation. To verify that 319 

miR-126-5p accelerates TRAF3 degradation, we overexpression or inhibition the expression of 320 

miR-126-5p, the cells were treated with actinomycin D, an inhibitor of transcription, and the cells 321 

were collected after treated for 0, 2, and 8 hours. It was found that overexpression of miR-126-5p 322 

significantly accelerate the degradation of TRAF3 (Figure.7D), while inhibition of miR-126-5p 323 

observed slow down the degradation of TRAF3 (Figure.7E). these show that miR-126-5p maybe 324 

target TRAF3. In order to further verify that miR-126-5p by targeting TRAF3 regulation antiviral 325 

immune responses, we used the pmiR-GLO plasmid to construct TRAF3 3'UTR containing miR-326 

126-5p binding sequence pmiR-TRAF3-WT-GLO and mutant pmiR-TRAF3-mutant-GLO plasmids 327 

(Figure.7F). pmiR-TRAF3-WT-GLO or pmiR-TRAF3-mutant-GLO and miR-126-5p mimics or 328 

NC co-transfected, found that miR-126- 5p mimics significantly inhibit the fluorescent activity of 329 

pmiR-TRAF3-WT-GLO plasmid, while without affecting the pmiR-TRAF3-mutant-GLO 330 
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(Figure.7G). These results indicate that miR-126-5p inhibition chicken antiviral immune responses 331 

by targeting the TRAF3. 332 

TRAF3 regulation chicken innate immunity 333 

In order to explore the role of TRAF3 in chicken innate immunity, we detected the expression level 334 

of TRAF3 in chicken different tissues, and found that the expression level of TRAF3 in chicken 335 

trachea, spleen and bursa of Fabricius was higher than that in the kidney (Figure.8A). Chickens 336 

infected with NDV or AIV significantly increase the expression level of TRAF3 in the above 337 

organizations (Figure.8B). It shows that TRAF3 relates to chicken innate immunity. In order to 338 

further explore the effect of TRAF3 on chicken innate immunity, we transfected DF1 cells with 339 

pcDNA-TRAF3 or pcDNA3.1, to detect the expression of genes related to innate immunity 340 

(Figure.8C). It is found that overexpression of TRAF3 significantly increase the expression of IFNβ 341 

and ISGs genes PKR and MX1 (Figure.8D), as well as the expression of inflammatory cytokine 342 

related genes IL-1β (Figure.8E). These results TRAF3 is essential for the innate immunity of 343 

chickens. 344 

MiR-126-5p negatively regulates chicken innate immunity by blocking the MAVS-TRAF3-345 

TBK1 axis  346 

To understand underlying molecular mechanism of TRAF3 mediated enhanced chicken innate 347 

immunity, we used the online prediction software STING to predict the TRAF3 interaction proteins 348 

and found that TRAF3 interaction with many immune-related proteins such as TBK1, MAVS and 349 

IRF7 (Figure.9A). Studies have found that TRAF3 interacts with MAVS in mammals. MAVS and 350 

IRF7 are located upstream and downstream of TRAF3, respectively. In order to verify that miR-351 

126-5p regulates chicken innate immunity by targeting TRAF3, we overexpression MAVS or IRF7 352 
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and miR-126-5p mimics to detect immune-related and genetic expression. It is found that 353 

overexpression of miR-126-5p with MAVS or IRF7 significantly inhibit the expression of IFNβ, 354 

PKR and MX1 (Figures.9C & D). These results indicate that miR-126-5p regulates chicken innate 355 

immunity by targeting TRAF3, block the MAVS-TRAF3-TBK1 axis. 356 

Discussion 357 

Upon virus infection, the host's innate immunity serves as the first line of defense against the virus.  358 

When the viral RNA released in the host cell will be recognized by the host's various pattern 359 

recognition receptors(PRRs) and secrete type I interferons, pro-inflammatory factors and 360 

chemokines22. Type I interferon stimulate the expression of hundreds of ISGs in neighboring cells 361 

and induce antiviral status23. In this study, we found that RNA viruses such as Newcastle disease 362 

virus (NDV) and avian influenza virus (AIV) significantly up-regulate the expression of chicken 363 

miR-126-5p. After bioinformatics analysis of the target genes of miR-126-5p, we found that miR-364 

126-5p participate in regulation multiple immune-related signaling pathways. It indicates that miR-365 

126-5p may involves in the chicken innate antivirus immunity. A large number of studies have 366 

concluded that miR-126-5p promotes the proliferation and migration of cancer cells such as human 367 

rectal cancer, ovarian cancer and mouse aortic aneurysm24-27. Cancer is due to immune escape 28, 29, 368 

which shows that miR-126-5p is not only involved the immunity of chicken also participates in the 369 

immunity of mammal. 370 

The above results indicate that miR-126-5p may be regulated by type I interferon. However, we 371 

found chIFNβ significantly up-regulate the expression of two typical ISGs, MX1 and PKR, but did 372 

not affect the expression of miR-126-5p, this shows that miR-126-5p is not regulated by IFNβ. More 373 

importantly, miR-126-5p inhibits the expression of innate immune and inflammatory cytokines 374 
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related genes following NDV virus infection. Similarly, EV71 infection up-regulates the expression 375 

of miR-141, resulting in down-regulation of the eukaryotic translation initiation factor 4E protein, 376 

thereby promoting EV71 replication and release30. These indicate that miR-126-5p regulates host 377 

antiviral immunity. But how the host regulates the expression of miR-126-5p after virus invasion 378 

still needs further study. 379 

Excessive immune response after virus invasion can cause " cytokine storm ", which severely 380 

damage the host's organs and even cause death12. A large number of studies have shown that 381 

miRNAs participate in the regulation of host cytokine storm after virus invasion. For example, after 382 

influenza virus invasion, miR-302a can induce cytokine storm, and miR-133a also has the same 383 

effect31, 32. Interestingly, we found that miR-126-5p significantly inhibits the expression of 384 

inflammatory cytokines related genes after NDV virus infection. At the same time, miR-126-5p 385 

notably promotes the replication of NDV virus. This indicates that miR-126-5p regulate the host's 386 

immune response by suppressing the host "cytokine storm". This negative regulation can effectively 387 

avoid damage to the host by a strong immune response.  388 

miRNAs regulates the protein abundance of target genes by binding and inhibiting the translation 389 

of gene mRNA15. In order to study the mechanism of miR-126-5p inhibiting chicken antiviral innate 390 

immunity, we analyzed the target genes of miR-126-5p. It finds that miR-126-5p targets and inhibits 391 

the expression of TRAF3. A large number of studies have shown that TRAF3 plays a significant 392 

role in the process of antiviral innate immunity33-35. It is a MAVS adaptor protein that undergoes 393 

k63-linked ubiquitination in mitochondria during RNA virus infection. This post-translational 394 

modification induces two kinds of Iκ-B kinase (IKK) related kinase, TANK binding kinase 1 (TBK1) 395 

and IKKi activation. These two kinases phosphorylate interferon regulatory factor 3 (IRF3) or IRF7, 396 
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resulting in the type I interferon (IFN)36, 37. In this study, we also found that RNA virus infection in 397 

chickens significantly increase the expression of TRAF3, and overexpression of TRAF3 enhance 398 

the innate antiviral immunity of chicken. Our previous study found that MAVS acts as a scaffold 399 

protein to recruit and phosphorylate TBK1 and IRF7 to activate IFNβ10, 38. Coupled with this study, 400 

we think that MAVS may first recruit TRAF3 and then recruit TBK1 and IRF7. In order to further 401 

prove that miR-126-5p inhibits the type I interferon signaling pathway through TRAF3, we 402 

separately co-overexpressed the TRAF3 upstream and downstream proteins MAVS and IRF7 with 403 

miR-126-5p to detect the relate genes expression of type I interferon signaling pathway. It was found 404 

that the simultaneous overexpression of MAVS or IRF7 with miR-126-5p significantly inhibit the 405 

expression of IFNβ, MX1 and PKR. This shows that TRAF3 is required for the activation of type I 406 

interferon pathways. 407 

However, in this study we also found that miR-126-5p regulate virus replication. Existing research 408 

findings the dual regulation role of miRNAs for virus replication. Firstly, miRNAs exert an antiviral 409 

effect, and inhibit virus replication by directly binding to the virus 3'NTR. In addition, miRNAs 410 

directly bind to the 5'NTR of the virus to stabilize the virus structure and promote virus replication. 411 

Of course, viruses can also promote their replication by changing the abundance of host miRNAs19, 412 

39. Here, we found that overexpression of miR-126-5p significantly promotes virus replication, 413 

while inhibition of miR-126-5p inhibits virus replication. We believe that miR-126-5p regulation of 414 

viral replication may be related to miR-126-5p negative regulation of innate immunity. 415 

Conclusions 416 

In conclusion, our research determines that miR-126-5p negative regulatory the chicken antiviral 417 

innate immunity. After RNA virus infection, up-regulate the expression of miR-126-5p, then it by 418 
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targeting TRAF3 inhibiting the type I interferon signaling pathway and inflammatory factors. We 419 

also found that miR-126-5p is highly conserved among species, and influenza virus infection with 420 

A549 cells also change the expression of miR-126-5p40. So it may also participate in the mammalian 421 

antiviral immune response. However, the specific role of miR-126-5p in mammalian innate 422 

immunity remains unclear. Therefore, our research will provide potential targets for the treatment 423 

of cytokine storms caused by viral infections. (Figure.10).  424 

Availability of data and materials 425 

The data analyzed during the current study are available from the corresponding author on 426 

reasonable request. 427 

Abbreviations 428 

AIV: Avian Influenza Virus 429 

NDV: Newcastle Disease Virus 430 

TRAF3: TNF receptor-associated factor 3 431 

IFNβ: Interferon-beta 432 

PKR: Eukaryotic translation initiation factor 2 alpha kinase 2 433 

MX1: MX1–myxovirus (influenza virus) resistance 1 (MX1) 434 

IL-1β: Inflammatory cytokine related genes interleukin 1β 435 

IL-6: Interleukin 6 436 

IL-8: Interleukin-8 437 

 438 

 439 

 440 



21 

 

Reference 441 

1. Lee, S, Channappanavar, R, and Kanneganti, TD (2020). Coronaviruses: Innate Immunity, 442 

Inflammasome Activation, Inflammatory Cell Death, and Cytokines. Trends Immunol 41: 443 

1083-1099. 444 

2. Akira, S, Uematsu, S, and Takeuchi, O (2006). Pathogen recognition and innate immunity. 445 

Cell 124: 783-801. 446 

3. Campbell, LK, and Magor, KE (2020). Pattern Recognition Receptor Signaling and Innate 447 

Responses to Influenza A Viruses in the Mallard Duck, Compared to Humans and Chickens. 448 

Front Cell Infect Microbiol 10: 209. 449 

4. Yoneyama, M, and Fujita, T (2010). Recognition of viral nucleic acids in innate immunity. 450 

Rev Med Virol 20: 4-22. 451 

5. Xu, L, Yu, D, Fan, Y, Liu, YP, and Yao, YG (2019). Evolutionary selection on MDA5 and LGP2 452 

in the chicken preserves antiviral competence in the absence of RIG-I. J Genet Genomics 453 

46: 499-503. 454 

6. Cheng, Y, Sun, Y, Wang, H, Yan, Y, Ding, C, and Sun, J (2015). Chicken STING Mediates 455 

Activation of the IFN Gene Independently of the RIG-I Gene. J Immunol 195: 3922-3936. 456 

7. Honda, K, and Taniguchi, T (2006). IRFs: master regulators of signalling by Toll-like 457 

receptors and cytosolic pattern-recognition receptors. Nat Rev Immunol 6: 644-658. 458 

8. Liu, S, Cai, X, Wu, J, Cong, Q, Chen, X, Li, T, et al. (2015). Phosphorylation of innate immune 459 

adaptor proteins MAVS, STING, and TRIF induces IRF3 activation. Science 347: aaa2630. 460 

9. Huang, B, Qi, ZT, Xu, Z, and Nie, P (2010). Global characterization of interferon regulatory 461 

factor (IRF) genes in vertebrates: glimpse of the diversification in evolution. BMC Immunol 462 

11: 22. 463 

10. Cheng, Y, Zhu, W, Ding, C, Niu, Q, Wang, H, Yan, Y, et al. (2019). IRF7 Is Involved in Both 464 

STING and MAVS Mediating IFN-beta Signaling in IRF3-Lacking Chickens. J Immunol 203: 465 

1930-1942. 466 

11. Gu, Y, Hsu, AC, Pang, Z, Pan, H, Zuo, X, Wang, G, et al. (2019). Role of the Innate Cytokine 467 

Storm Induced by the Influenza A Virus. Viral Immunol 32: 244-251. 468 

12. Fajgenbaum, DC, and June, CH (2020). Cytokine Storm. N Engl J Med 383: 2255-2273. 469 

13. Dinarello, CA (2009). Immunological and inflammatory functions of the interleukin-1 470 

family. Annu Rev Immunol 27: 519-550. 471 

14. Farag, NS, Breitinger, U, Breitinger, HG, and El Azizi, MA (2020). Viroporins and 472 

inflammasomes: A key to understand virus-induced inflammation. Int J Biochem Cell Biol 473 

122: 105738. 474 

15. Mehta, A, and Baltimore, D (2016). MicroRNAs as regulatory elements in immune system 475 

logic. Nat Rev Immunol 16: 279-294. 476 

16. Baumjohann, D, Kageyama, R, Clingan, JM, Morar, MM, Patel, S, de Kouchkovsky, D, et al. 477 

(2013). The microRNA cluster miR-17 approximately 92 promotes TFH cell differentiation 478 

and represses subset-inappropriate gene expression. Nat Immunol 14: 840-848. 479 

17. Danger, R, Braza, F, Giral, M, Soulillou, JP, and Brouard, S (2014). MicroRNAs, Major Players 480 

in B Cells Homeostasis and Function. Front Immunol 5: 98. 481 

18. Gasparello, J, Finotti, A, and Gambari, R (2021). Tackling the COVID-19 "cytokine storm" 482 

with microRNA mimics directly targeting the 3'UTR of pro-inflammatory mRNAs. Med 483 



22 

 

Hypotheses 146: 110415. 484 

19. Trobaugh, DW, and Klimstra, WB (2017). MicroRNA Regulation of RNA Virus Replication 485 

and Pathogenesis. Trends Mol Med 23: 80-93. 486 

20. Cheng, Y, Huang, Q, Ji, W, Du, B, Fu, Q, An, H, et al. (2015). Muscovy duck retinoic acid-487 

induced gene I (MdRIG-I) functions in innate immunity against H9N2 avian influenza 488 

viruses (AIV) infections. Vet Immunol Immunopathol 163: 183-193. 489 

21. Li, Z, Zhang, J, Su, J, Liu, Y, Guo, J, Zhang, Y, et al. (2015). MicroRNAs in the immune organs 490 

of chickens and ducks indicate divergence of immunity against H5N1 avian influenza. FEBS 491 

Lett 589: 419-425. 492 

22. Iwasaki, A, and Pillai, PS (2014). Innate immunity to influenza virus infection. Nat Rev 493 

Immunol 14: 315-328. 494 

23. Hogner, K, Wolff, T, Pleschka, S, Plog, S, Gruber, AD, Kalinke, U, et al. (2013). Macrophage-495 

expressed IFN-beta contributes to apoptotic alveolar epithelial cell injury in severe 496 

influenza virus pneumonia. PLoS Pathog 9: e1003188. 497 

24. Li, L, Ma, W, Pan, S, Li, Y, Wang, H, Wang, B, et al. (2020). MiR-126a-5p limits the formation 498 

of abdominal aortic aneurysm in mice and decreases ADAMTS-4 expression. J Cell Mol 499 

Med 24: 7896-7906. 500 

25. Schober, A, Nazari-Jahantigh, M, Wei, Y, Bidzhekov, K, Gremse, F, Grommes, J, et al. (2014). 501 

MicroRNA-126-5p promotes endothelial proliferation and limits atherosclerosis by 502 

suppressing Dlk1. Nat Med 20: 368-376. 503 

26. Sun, Z, Ou, C, Liu, J, Chen, C, Zhou, Q, Yang, S, et al. (2019). YAP1-induced MALAT1 504 

promotes epithelial-mesenchymal transition and angiogenesis by sponging miR-126-5p 505 

in colorectal cancer. Oncogene 38: 2627-2644. 506 

27. Wu, G, Cao, L, Zhu, J, Tan, Z, Tang, M, Li, Z, et al. (2019). Loss of RBMS3 Confers Platinum 507 

Resistance in Epithelial Ovarian Cancer via Activation of miR-126-5p/beta-catenin/CBP 508 

signaling. Clin Cancer Res 25: 1022-1035. 509 

28. Demaria, O, Cornen, S, Daeron, M, Morel, Y, Medzhitov, R, and Vivier, E (2019). Harnessing 510 

innate immunity in cancer therapy. Nature 574: 45-56. 511 

29. Vesely, MD, Kershaw, MH, Schreiber, RD, and Smyth, MJ (2011). Natural innate and 512 

adaptive immunity to cancer. Annu Rev Immunol 29: 235-271. 513 

30. Ho, BC, Yu, SL, Chen, JJ, Chang, SY, Yan, BS, Hong, QS, et al. (2011). Enterovirus-induced 514 

miR-141 contributes to shutoff of host protein translation by targeting the translation 515 

initiation factor eIF4E. Cell Host Microbe 9: 58-69. 516 

31. Chen, L, Xie, W, Wang, L, Zhang, X, Liu, E, and Kou, Q (2020). MiRNA-133a aggravates 517 

inflammatory responses in sepsis by targeting SIRT1. Int Immunopharmacol 88: 106848. 518 

32. Chen, X, Zhou, L, Peng, N, Yu, H, Li, M, Cao, Z, et al. (2017). MicroRNA-302a suppresses 519 

influenza A virus-stimulated interferon regulatory factor-5 expression and cytokine storm 520 

induction. J Biol Chem 292: 21291-21303. 521 

33. Zhu, Q, Yu, T, Gan, S, Wang, Y, Pei, Y, Zhao, Q, et al. (2020). TRIM24 facilitates antiviral 522 

immunity through mediating K63-linked TRAF3 ubiquitination. J Exp Med 217. 523 

34. Wei, Y, Zeng, Y, Zhang, X, Xu, S, Wang, Z, Du, Y, et al. (2020). The Nucleoprotein of H7N9 524 

Influenza Virus Positively Regulates TRAF3-Mediated Innate Signaling and Attenuates 525 

Viral Virulence in Mice. J Virol 94. 526 

35. Sun, N, Jiang, L, Ye, M, Wang, Y, Wang, G, Wan, X, et al. (2020). TRIM35 mediates 527 



23 

 

protection against influenza infection by activating TRAF3 and degrading viral PB2. 528 

Protein Cell 11: 894-914. 529 

36. Xu, LG, Wang, YY, Han, KJ, Li, LY, Zhai, Z, and Shu, HB (2005). VISA is an adapter protein 530 

required for virus-triggered IFN-beta signaling. Mol Cell 19: 727-740. 531 

37. Kawai, T, Takahashi, K, Sato, S, Coban, C, Kumar, H, Kato, H, et al. (2005). IPS-1, an adaptor 532 

triggering RIG-I- and Mda5-mediated type I interferon induction. Nat Immunol 6: 981-533 

988. 534 

38. Cheng, Y, Ma, J, Liu, Y, Gao, Q, Yan, Y, Wang, H, et al. (2017). Chicken TBK1 interacts with 535 

STING and is involved in IFN-beta signaling regulation. Dev Comp Immunol 77: 200-209. 536 

39. Wong, RR, Abd-Aziz, N, Affendi, S, and Poh, CL (2020). Role of microRNAs in antiviral 537 

responses to dengue infection. J Biomed Sci 27: 4. 538 

40. Xia, B, Lu, J, Wang, R, Yang, Z, Zhou, X, and Huang, P (2018). miR-21-3p Regulates 539 

Influenza A Virus Replication by Targeting Histone Deacetylase-8. Front Cell Infect 540 

Microbiol 8: 175. 541 

 542 

 543 

 544 

 545 

 546 

 547 

 548 

 549 

 550 

 551 

 552 

 553 

 554 

 555 

 556 



24 

 

Funding 557 

This study was supported by the National Natural Science Foundation (31872456, 31802175, 558 

32072864, and 32072865). 559 

Author information 560 

Affiliations 561 

Shanghai Key Laboratory of Veterinary Biotechnology, Key Laboratory of Urban Agriculture 562 

(South), Ministry of Agriculture, School of Agriculture and Biology, Shanghai Jiao Tong 563 

University, Shanghai, China 564 

Jie Wang, Yuqiang Cheng, Longlong Wang, Zhenyu Lin, Wenxian Zhu, Zhaofei Wang, Jinjiao Ma, 565 

Henan Wang, YaxianYan, Jianhe Sun 566 

Contributions 567 

JW, LLW, and JHS designed the research and analyzed the data. JW, LLW, YQC, ZYL, WXZ, CLZ, 568 

WXZ, YXY and JHS conducted the experiments and collected the data. JW and YQC wrote the 569 

paper. All authors approved the final version of the manuscript. 570 

Corresponding author 571 

Correspondence to Jianhe Sun. 572 

Ethics declarations 573 

Ethics approval and consent to participate 574 

The protocols used in this study were approved by the Animal Research Ethics Committee of 575 

Shanghai Jiaotong University. The animal experiments were performed according to Guide for the 576 

Care and Use of Laboratory Animals of SJTU. 577 

Consent for publication 578 



25 

 

Not applicable. 579 

Competing interests 580 

The authors declare that they have no competing interests. 581 

 582 

 583 

 584 

 585 

 586 

 587 

 588 

 589 

 590 

 591 

 592 

 593 

 594 

 595 

 596 

 597 

 598 

 599 

 600 



26 

 

Figure Captions 601 

Figure.1 RNA virus upregulates the expression of miR-126-5p in chicken. (A) qPCR analysis of 602 

miR-126-5p expression in bursa of fabricate, lung, spleen, trachea, liver and kidney of healthy 603 

chickens.; (B) The changes of miR-126-5p expressions in the bursa, lung, spleen, trachea, liver and 604 

kidney of chickens after infection with NDV and AIV by qPCR. (C-E) DF1 cells were infected with 605 

AIV or NDV or poly(I:C), the expressions of miR-126-5p at 0 h (C), 6 h(D), and 24 h post–infection 606 

were detected by qPCR. The data are expressed as mean ± SD; n = 3. *p < 0.05, **p < 0.01. 607 

Figure.2 Bioinformatics analyses indicate miR-126-5p involved in the regulation of innate 608 

immunity. (A) Sequence alignment of miR-126-5p from various vertebrate species. (B) Kyoto 609 

Encyclopedia of Genes and Genomes (KEGG) pathway analysis of miR-126-5p target genes. 610 

(C) Gene Ontology (GO) term analysis of miR-126-5p target genes.   611 

Figure.3 Overexpression of miR-126-5p inhibits chicken antiviral innate immunity during NDV 612 

infection.(A) qPCR analysis of miR‐126‐5p overexpression efficiency, after miR-126-5p mimics or 613 

NC (Negative control) transfection of DF1 cells 24h. (B)qPCR detection the RNA level of innate 614 

immune-related genes, including IFNβ, ISGs, PKR and MX1 expression after overexpression of 615 

miR-126-5p. (C) qPCR detection of inflammatory cytokine related gene RNA level, such as IL-Iβ、616 

IL-6 and IL-8 expression after overexpression of miR-126-5p. (D-E) Transfection DF1 cells with 617 

miR-126-5p mimics or NC, followed by infection RNA virus NDV for 12 hours. (D) qPCR analysis 618 

of miR‐126‐5p overexpression efficiency. (E) qPCR detection of IFNβ and ISGs PKR and MX1 619 

expression level. (F) qPCR detection of inflammatory cytokine related gene IL-Iβ、IL-6 and IL-8 620 

expression level. The data are expressed as mean ± SD; n = 3. *p < 0.05, **p < 0.01. 621 

Figure.4 Inhibition of miR-126-5p promoted chicken antiviral innate immunity during NDV 622 
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infection. (A) qPCR analysis of miR‐126‐5p inhibition efficiency, after miR-126-5p inhibitor or 623 

NA(Negative control) transfection of DF1 cells 24h. (B) qPCR detection the RNA level of innate 624 

immune-related genes, including IFNβ, ISGs, PKR and MX1 expression after inhibitor of miR-126-625 

5p. (C) qPCR detection of inflammatory cytokine related gene RNA level, such as IL-Iβ、IL-6 and 626 

IL-8 expression after inhibitor of miR-126-5p. (D-E) Transfected DF1 cells with miR-126-5p 627 

inhibitor or NA, followed by infection RNA virus NDV for 12 hours. (D) qPCR analysis of miR‐628 

126‐5p inhibition efficiency. (E) qPCR detection of IFNβ and ISGs PKR and MX1 expression level. 629 

(F) qPCR detection of inflammatory cytokine related gene IL-Iβ、IL-6 and IL-8 expression level. 630 

The data are expressed as mean ± SD; n = 3. *p < 0.05, **p < 0.01. 631 

Figure.5 Interferon signaling pathway has no role in regulation of the expression of miR-126-5p. 632 

(A) After transfection of pcDNA-IFNβ into DF1 cells, the overexpression efficiency of IFNβ was 633 

detected by quantitative real-time PCR. (B) qPCR detection the expression of ISGs PKR and MX1 634 

after overexpression of IFNβ. (C) qPCR detection the expression of miR-126-5p after 635 

overexpression of IFNβ. The data are expressed as mean ± SD; n = 5. *p < 0.05, **p < 0.01. 636 

Figure.6 miR126-5p promotes RNA virus replication. (A and B) DF1 cells were transfected with 637 

miR-126-5p mimics or NC, followed by infection with NDV at MOI of 0.01 after 6h, intracellular 638 

and supernatant relative levels of NP RNA were measured by absolute quantitative real-time PCR 639 

detection. (C and D) DF1 cells were transfected with miR-126-5p inhibitor or NA, followed by 640 

infection with NDV at MOI of 0.01. after 6h, intracellular and supernatant relative levels of NP 641 

RNA were measured by absolute quantitative real-time PCR detection. (E and F) Effect of miR-642 

126-5p on NDV replication by TCID50. (G) NDV-GFP or VSV-GFP infected DF1 cells visualized 643 

48 hours post-transfection and post-infection using fluorescence microscopy and representative 644 
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images are shown for NC, miR-126-5p mimics or inhibitor transfected cells. Scale bar = 100 μm. 645 

The data are expressed as mean ± SD; n = 3. *p < 0.05, **p < 0.01. 646 

Figure.7 miR-126-5p inhibition chicken antiviral immune responses by targeting the TRAF3. (A) 647 

MiR-126-5p and TRAF3 binding site prediction. (B) qPCR detection the expression of TRAF3 after 648 

over-expression of miR-126-5p. (C) qPCR detection the expression of TRAF3 after inhibition of 649 

miR-126-5p. (D、E) qPCR analysis the expression of TRAF3 in DF1 cells that were overexpression 650 

(D) or inhibition (E) miR-126-5p 12h, infected with NDV for 24 h at an MOI of 0.01, and then 651 

treated with actinomycin D (ActD; 10 g/ml) for the indicated times. (F) The TRAF3 3'UTR 652 

containing miR-126-5p binding sequence or mutant sequence genes were cloned into the pmiR-653 

GLO vector as shown. (G) HEK293T cells were transfected with pmiR-TRAF3-WT-GLO or mutant 654 

pmiR-TRAF3-mutant-GLO along with miR-126-5p mimics or NC, lysed after 24 h, and subjected 655 

to luciferase assay. The data are expressed as mean ± SD; n = 3. *p < 0.05, **p < 0.01. 656 

Figure.8 TRAF3 can activate chicken innate immunity. (A) qPCR analysis of TRAF3 expression 657 

in in chicken bursa of Fabricius, lung, spleen, trachea, liver and kidney tissues; (B) qPCR detection 658 

the change of TRAF3 in the bursa, lung, spleen, trachea, liver and kidney tissues after chickens 659 

infected with NDV and AIV. (C) After transfection of pcDNA-TRAF3 into DF1 cells, the 660 

overexpression efficiency of TRAF3 was detected by qPCR. (D) qPCR detection the expression of 661 

IFNβ and ISGs PKR and MX1 after overexpression of TRAF3. (E) qPCR detection of inflammatory 662 

cytokine gene IL-Iβ、IL-6 and IL-8 expression after overexpression of TRAF3. The data are 663 

expressed as mean ± SD; n = 3. *p < 0.05, **p < 0.01. 664 

Figure.9 MiR-126-5p negatively regulates chicken innate immunity by blocking the MAVS-665 

TRAF3-TBK1 axis. (A) TRAF3 interaction protein prediction through online prediction software 666 
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STRING. (B) qPCR detection the expression of IFNβ and ISGs PKR and MX1 after overexpression 667 

of pcDNA-MAVS and miR-126-5p or NC. (C) qPCR detection the expression of IFNβ and ISGs 668 

PKR and MX1 after overexpression of pcDNA-IRF7 and miR-126-5p or NC. The data are expressed 669 

as mean ± SD; n = 3. *p < 0.05, **p < 0.01. 670 

Figure.10 Schematic illustration of miR-126-5p serving as immune rheostat by targeting TRAF3. 671 



Figures

Figure 1

RNA virus upregulates the expression of miR-126-5p in chicken. (A) qPCR analysis of miR-126-5p
expression in bursa of fabricate, lung, spleen, trachea, liver and kidney of healthy chickens.; (B) The
changes of miR-126-5p expressions in the bursa, lung, spleen, trachea, liver and kidney of chickens after
infection with NDV and AIV by qPCR. (C-E) DF1 cells were infected with AIV or NDV or poly(I:C), the
expressions of miR-126-5p at 0 h (C), 6 h(D), and 24 h post–infection were detected by qPCR. The data
are expressed as mean ± SD; n = 3. *p < 0.05, **p < 0.01.



Figure 2

Bioinformatics analyses indicate miR-126-5p involved in the regulation of innate immunity. (A) Sequence
alignment of miR-126-5p from various vertebrate species. (B) Kyoto Encyclopedia of Genes and Genomes
(KEGG) pathway analysis of miR-126-5p target genes. (C) Gene Ontology (GO) term analysis of miR-126-
5p target genes.



Figure 3

Overexpression of miR-126-5p inhibits chicken antiviral innate immunity during NDV infection.(A) qPCR
analysis of miR1265p overexpression e�ciency, after miR-126-5p mimics or NC (Negative control)
transfection of DF1 cells 24h. (B)qPCR detection the RNA level of innate immune-related genes, including
IFNβ, ISGs, PKR and MX1 expression after overexpression of miR-126-5p. (C) qPCR detection of
in�ammatory cytokine related gene RNA level, such as IL-Iβ IL-6 and IL-8 expression after overexpression
of miR-126-5p. (D-E) Transfection DF1 cells with miR-126-5p mimics or NC, followed by infection RNA
virus NDV for 12 hours. (D) qPCR analysis of miR1265p overexpression e�ciency. (E) qPCR detection
of IFNβ and ISGs PKR and MX1 expression level. (F) qPCR detection of in�ammatory cytokine related
gene IL-Iβ IL-6 and IL-8 expression level. The data are expressed as mean ± SD; n = 3. *p < 0.05, **p <
0.01.



Figure 4

Inhibition of miR-126-5p promoted chicken antiviral innate immunity during NDV infection. (A) qPCR
analysis of miR1265p inhibition e�ciency, after miR-126-5p inhibitor or NA(Negative control)
transfection of DF1 cells 24h. (B) qPCR detection the RNA level of innate immune-related genes, including
IFNβ, ISGs, PKR and MX1 expression after inhibitor of miR-126-5p. (C) qPCR detection of in�ammatory
cytokine related gene RNA level, such as IL-Iβ IL-6 and IL-8 expression after inhibitor of miR-126-5p. (D-E)
Transfected DF1 cells with miR-126-5p inhibitor or NA, followed by infection RNA virus NDV for 12 hours.
(D) qPCR analysis of miR1265p inhibition e�ciency. (E) qPCR detection of IFNβ and ISGs PKR and
MX1 expression level. (F) qPCR detection of in�ammatory cytokine related gene IL-Iβ IL-6 and IL-8
expression level. The data are expressed as mean ± SD; n = 3. *p < 0.05, **p < 0.01.



Figure 5

Interferon signaling pathway has no role in regulation of the expression of miR-126-5p. (A) After
transfection of pcDNA-IFNβ into DF1 cells, the overexpression e�ciency of IFNβ was detected by
quantitative real-time PCR. (B) qPCR detection the expression of ISGs PKR and MX1 after overexpression
of IFNβ. (C) qPCR detection the expression of miR-126-5p after overexpression of IFNβ. The data are
expressed as mean ± SD; n = 5. *p < 0.05, **p < 0.01.

Figure 6

miR126-5p promotes RNA virus replication. (A and B) DF1 cells were transfected with miR-126-5p mimics
or NC, followed by infection with NDV at MOI of 0.01 after 6h, intracellular and supernatant relative levels
of NP RNA were measured by absolute quantitative real-time PCR detection. (C and D) DF1 cells were
transfected with miR-126-5p inhibitor or NA, followed by infection with NDV at MOI of 0.01. after 6h,
intracellular and supernatant relative levels of NP RNA were measured by absolute quantitative real-time
PCR detection. (E and F) Effect of miR-126-5p on NDV replication by TCID50. (G) NDV-GFP or VSV-GFP



infected DF1 cells visualized 48 hours post-transfection and post-infection using �uorescence
microscopy and representative images are shown for NC, miR-126-5p mimics or inhibitor transfected
cells. Scale bar = 100 μm. The data are expressed as mean ± SD; n = 3. *p < 0.05, **p < 0.01.

Figure 7

miR-126-5p inhibition chicken antiviral immune responses by targeting the TRAF3. (A) MiR-126-5p and
TRAF3 binding site prediction. (B) qPCR detection the expression of TRAF3 after over-expression of miR-
126-5p. (C) qPCR detection the expression of TRAF3 after inhibition of miR-126-5p. (D E) qPCR analysis
the expression of TRAF3 in DF1 cells that were overexpression (D) or inhibition (E) miR-126-5p 12h,
infected with NDV for 24 h at an MOI of 0.01, and then treated with actinomycin D (ActD; 10 g/ml) for the
indicated times. (F) The TRAF3 3'UTR containing miR-126-5p binding sequence or mutant sequence



genes were cloned into the pmiR-GLO vector as shown. (G) HEK293T cells were transfected with pmiR-
TRAF3-WT-GLO or mutant pmiR-TRAF3-mutant-GLO along with miR-126-5p mimics or NC, lysed after 24
h, and subjected to luciferase assay. The data are expressed as mean ± SD; n = 3. *p < 0.05, **p < 0.01.

Figure 8

TRAF3 can activate chicken innate immunity. (A) qPCR analysis of TRAF3 expression in in chicken bursa
of Fabricius, lung, spleen, trachea, liver and kidney tissues; (B) qPCR detection the change of TRAF3 in the
bursa, lung, spleen, trachea, liver and kidney tissues after chickens infected with NDV and AIV. (C) After
transfection of pcDNA-TRAF3 into DF1 cells, the overexpression e�ciency of TRAF3 was detected by
qPCR. (D) qPCR detection the expression of IFNβ and ISGs PKR and MX1 after overexpression of TRAF3.
(E) qPCR detection of in�ammatory cytokine gene IL-Iβ IL-6 and IL-8 expression after overexpression of
TRAF3. The data are expressed as mean ± SD; n = 3. *p < 0.05, **p < 0.01.



Figure 9

MiR-126-5p negatively regulates chicken innate immunity by blocking the MAVS-TRAF3-TBK1 axis. (A)
TRAF3 interaction protein prediction through online prediction software STRING. (B) qPCR detection the
expression of IFNβ and ISGs PKR and MX1 after overexpression of pcDNA-MAVS and miR-126-5p or NC.
(C) qPCR detection the expression of IFNβ and ISGs PKR and MX1 after overexpression of pcDNA-IRF7
and miR-126-5p or NC. The data are expressed as mean ± SD; n = 3. *p < 0.05, **p < 0.01.

Figure 10

Schematic illustration of miR-126-5p serving as immune rheostat by targeting TRAF3.
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