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Abstract  25 

Interleukin-17 (IL-17) is a pro-inflammatory cytokine, participating in innate and adaptive 26 
immune responses, that plays an important role in host defense, autoimmune diseases, 27 
tissue regeneration, metabolic regulation, and tumor progression. Post-translational 28 
modifications (PTMs) are crucial for protein function, stability, cellular localization, cellular 29 
transduction, and cell death. However, PTMs of IL-17 receptor A (IL-17RA) have not been 30 
investigated. Here, we showed that human IL-17RA was targeted by F-box and WD 31 
repeats domain containing 11 (FBXW11) for ubiquitination, followed by proteasome-32 
mediated degradation. We used bioinformatics tools and biochemical techniques to 33 
determine that FBXW11 ubiquitinated IL-17RA through a lysine 27-linked polyubiquitin 34 
chain, targeting IL-17RA for proteasomal degradation. Domain 665-804 of IL-17RA was 35 
critical for interaction with FBXW11 and subsequent ubiquitination. Our study 36 
demonstrates that FBXW11 regulates IL-17 signaling pathways at IL-17RA level.  37 
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Introduction 38 

Cytokines of interleukin-17 (IL-17) family play various functions in innate and adaptive 39 
immune responses [1]. The IL-17 family consists of 6 members: IL-17A, IL-17B, IL-17C, 40 
IL-17D, IL-17E, and IL-17F. On the other hand, there are five canonical IL-17 receptors 41 
(IL-17Rs) interacting with them, including IL-17RA, IL-17RB, IL-17RC, IL-17RD, and IL-42 
17RE [1]. Canonical IL-17Rs are unique because of their two conserved structural 43 
features: two extracellular fibronectin ІІ-like domains and one intracellular domain named 44 
as similar expression to fibroblast growth factor genes and IL-17R (SEFIR) [2]. In addition 45 
to the canonical IL-17Rs, an uncanonical receptor CD93 was reported to be specifically 46 
expressed on the surface of group 3 innate lymphoid (ILC3) cells [3]. The ligand and 47 
receptor association between IL-17 cytokines and IL-17Rs is complex due to various 48 
binding forms. Among them, the most well-studied IL-17 cytokines are IL-17A and IL-17F, 49 
which share the highest structural conservation among the IL-17 cytokines [1]. IL-17A 50 
homodimer, IL-17F homodimer, and IL-17A/F heterodimer interact with IL-17RA/RC 51 
heterodimer or IL-17RC homodimer, inducing expression of various downstream genes 52 
[4]. IL-17RA heterodimerizes with IL-17RD, binding with IL-17A homodimer [5]. IL-53 
17RA/RB heterodimer binds with IL-17E homodimer [6, 7]. IL-17RA also associates with 54 
IL-17RE to bind with IL-17C homodimer [8]. IL-17D was reported to bind CD93, regulating 55 
colonic inflammation [3]. Although IL-17B was originally considered as the ligand for IL-56 
17RB, it is believed to be a competitor against IL-17E in binding to IL-17RB [9]. So far, IL-57 
17RA is best-known as the common dimerization partner with all other canonical IL-17Rs, 58 
such as IL-17RC, IL-17RB, IL-17RD, and IL-17RE, indicating its unique functions in IL-17 59 
signaling. Previous studies have delineated the special intracellular structures of IL-17RA 60 
beyond the SEFIR domain that are different from other canonical IL-17Rs [10, 11]. 61 
 62 
Ubiquitylation is one of the post-translational modifications (PTMs) of proteins, achieving 63 
quality control of cellular responses [12]. There are three main steps of ubiquitylation. 64 
Ubiquitin is first activated by adenosine triphosphate (ATP) and E1 enzyme. Then, the 65 
activated ubiquitin is conjugated to E2 enzyme. The last step is addition of a ubiquitin or 66 
polyubiquitin chains to a substrate by a particular E3 ligase [13]. There are more than 600 67 
E3 ligases encoded by human genome, and they usually form a functional complex with 68 
other components [14]. Based on how ubiquitin is transferred to substrates and the core 69 
domain of the complex components that facilitates this process, E3 ligases are further 70 
classified into two major groups: homologous to E6-AP C terminus (HECT) domain-71 
containing E3 ligases [15] (accounting for around 5% of E3 ligases [16]) and really 72 
interesting new genes (RING)-domain-containing E3 ligases [17] (accounting for around 73 
95% of E3 ligases [16]). RING-domain-containing E3 ligases are further classified into 74 
RING domain variants, individual E3 ligases, anaphase promoting complex or cyclosome 75 
(APC/C) E3 ligases, and Cullin-Ring E3 ligases (CRL) which contain a scaffold protein 76 
Cullin [18]. CRL E3 ligase family constitutes more than 200 documented members, which 77 
is the largest class of E3 ligase family [19]. Based on different Cullins, CRL E3 ligase 78 
complex is further classified into 5 subfamilies (Cullin1, Cullin2/5, Cullin3, Cullin4A/4B, 79 
and Cullin7). Among them, the best known are the Skp1-Cullin1-F box protein (SCF) E3 80 
ligases [16]. For CRL E3 ligases, before facilitating the transfer of ubiquitin to a substrate, 81 
they need to be activated by neddylation where neural-precursor-cell-expressed, 82 
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developmentally down-regulated gene 8 (NEDD8) interacts with Cullin [20]. After 83 
ubiquitylation, the outcome of the substrate is mostly dependent on which lysine is used 84 
for ubiquitylation. For lysine 48-linked polyubiquitylation, the substrate is usually 85 
subjected to proteasome-mediated degradation into small peptides. But for lysine 63-86 
linked polyubiquitylation, the substrate is often activated to regulate signaling transduction 87 
and DNA repair [21]. The outcomes of the substrates varies when ubiquitin chains are 88 
formed using other lysine residues (K6, K11, K27, K29, and K33) or the first methionine 89 
residue (M1) [21]. 90 
 91 
The cascade of IL-17 signaling pathway initiates from the binding of IL-17A/IL-17F with 92 
IL-17RA/IL-17RC. After dimerized IL-17RA and IL-17RC recruit NF-κB activator 1 (Act1) 93 
through the SEFIR domain, activated Act1 further recruits and ubiquitylates tumor 94 
necrosis factor receptor associated factor 6 (TRAF6) by K63-linked polyubiquitin chain. 95 
Polyubiquitylated TRAF6 then activates transforming growth factor-beta-activated kinase 96 
1 (TAK1), leading to activation of nuclear factor κB (NF-κB) and mitogen-activated protein 97 
kinase (MAPK) signaling pathways. Thereafter, IL-17-downsteam target genes, such as 98 
cytokines (tumor necrosis factor α, interleukin-1, and interleukin-6), chemokines (C-X-C 99 
motif ligand 1, C-X-C motif ligand 2, and C-C motif ligand 20), matrix metalloproteinases 100 
(MMP3, MMP7, and MMP9) start to be transcribed. On the other hand, to restrain IL-17 101 
signaling, deubiquitinase A20 is upregulated upon IL-17 stimulation. Recruitment of A20 102 
to IL-17RA through C/EBPβ activation domain (CBAD) performs a negative feedback to 103 
deubiquitylate TRAF6, restricting IL-17-dependent activation of NF-κB and MAPK 104 
signaling [22]. Besides, Act1 is ubiquitylated by beta-transducin repeat containing E3 105 
ubiquitin protein ligase (bTrCP) through K48-linked polyubiquitin chain for proteasomal 106 
degradation after prolonged stimulation of IL-17 [23]. Phosphorylation of Act1 by TANK 107 
binding kinase 1 (TBK1) also suppresses IL-17-mediated activation of NF-κB in a TRAF6-108 
dependent fashion [24]. 109 
 110 
Our previous study reported that IL-17RA is constitutively phosphorylated by glycogen 111 
synthase kinase 3 (GSK3) at threonine 780, leading to ubiquitylation and proteasomal 112 
degradation [25]. However, the specific E3 ligase mediating this process is still elusive. 113 
In the current study, we found that IL-17RA is ubiquitylated by SCFFBXW11 complex 114 
through K27-linked polyubiquitin. An intracellular 665-804 domain of IL-17RA is critical 115 
for ubiquitylation and degradation. Taking together with previous reports [23, 26], 116 
SCFFBXW11 complex not only regulates IL-17 signaling pathway at IL-17RA level, but also 117 
at Act1 and IκBα levels. 118 
 119 

Results 120 

Inhibition of proteasome and Cullin-Ring Ligase (CRL) complex increases IL-17RA 121 
protein stability. Our previous study reported that exogenous IL-17RA was degraded 122 
through a ubiquitin-proteasome system (UPS) [25]. But a specific E3 ligase mediating this 123 
process has not been identified. The CRL E3 ligase family contains the most diverse 124 
subunits with more than 200 E3 ligase members [16]. One of the core subunits of CRL 125 
E3 ligase complex is a scaffold protein Cullin. Neddylation of Cullin by interacting with 126 
NEDD8 activates E3 ligase complex to ubiquitylate the substrates [27]. To verify if IL-127 
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17RA is degraded through proteasome and particularly by the CRL complex, full-length 128 
human IL-17RA was transiently overexpressed in HEK293T cells and then the cells were 129 
treated with cycloheximide (CHX). When protein synthesis was inhibited by CHX, total IL-130 
17RA protein level decreased rapidly. A proteasome inhibitor MG132 and a neddylation 131 
inhibitor MLN4924 delayed degradation of exogenous IL-17RA (Figure 1A). Using the 132 
Human Protein Atlas (HPA) database, we examined mRNA levels of IL-17RA in different 133 
human cell lines and found that IL-17RA was ubiquitously expressed in human cell lines 134 
from different organs, although the expression levels were tremendously variable (Figure 135 
1-figure supplement 1A). Because multiple commercially available anti-IL-17RA 136 
antibodies did not work well to detect endogenous IL-17RA, we used small interference 137 
RNA to knock down IL-17RA in HaCaT and 22Rv1 cell lines and probed with a G9 clone 138 
of monoclonal antibody obtained from Santa Cruz Biotechnology (cat# sc-376374, Dallas, 139 
TX). The results of Western blot analysis indicated that this G9 clone was able to 140 
specifically recognize endogenous IL-17RA (Figure 1-figure supplement 1B and C). 141 
Therefore, we used this antibody in our subsequent experiments to detect endogenous 142 
and exogenous IL-17RA. 143 
 144 
Endogenous IL-17RA levels in 22Rv1 cells decreased rapidly after CHX treatment, while 145 
MG132 and MLN4924 inhibited this reduction (Figure 1B). This result was consistent with 146 
that of exogenous IL-17RA in HEK293T cells (Figure 1A). Treatment with MG132 also 147 
stabilized endogenous IL-17RA in HaCaT cells (Figure 1C). These findings indicate that 148 
degradation of exogenous and endogenous IL-17RA was mediated by a ubiquitin-149 
proteasome system, particularly by the CRL complex as neddylation inhibitor delayed the 150 
degradation. We conducted further studies into the impact of neddylation inhibitor on 151 
endogenous IL-17RA levels in HaCaT, 22Rv1, and PC-3 cell lines using different dosages 152 
of MLN4924 over different time periods. As shown in Figure 1D-F, treatment with 153 
MLN4924 resulted in accumulation of endogenous IL-17RA and c-Myc, a well-known 154 
substrate ubiquitylated by a CRL E3 ligase F-box and WD repeat domain containing 7 155 
(FBXW7) [28]. 156 
 157 
Bortezomib is another proteasome inhibitor that has been approved by the U.S. Food and 158 
Drug Administration (FDA) to treat multiple myeloma, mantle cell lymphoma, and acute 159 
allograft rejection [29]. HaCaT, THP-1, 22Rv1 and PC-3 cells were treated with different 160 
doses of bortezomib for 14 hours. The results showed that endogenous IL-17RA levels 161 
were slightly accumulated (Figure 1-figure supplement 2A-D). Combined treatment of 162 
CHX and bortezomib also showed that bortezomib slightly decreased degradation of 163 
endogenous IL-17RA (Figure 1-figure supplement 2E and F). It has been reported that 164 
bortezomib at a nano-molar concentration only inhibited ~70% activity of proteasome 165 
while MG132 at a micromolar concentration inhibited ~95% activity of proteasome [30], 166 
which explains why bortezomib only slightly prevented degradation of endogenous IL-167 
17RA while MG132 dramatically prevented IL-17RA degradation. Besides proteasome-168 
mediated degradation of damaged or misfolded proteins, autolysosomes also play a role 169 
to break down proteins through lysosomal enzymes [31]. To test if IL-17RA is also 170 
degraded through lysosomes, we treated HaCaT cells with different doses of lysosome 171 
inhibitor imidazole for different time periods. The results showed that alteration of IL-17RA 172 
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levels was not obvious, indicating that degradation of IL-17RA was probably not mediated 173 
through the lysosomes (Figure 1-figure supplement 2G and H). 174 
 175 
F-box and WD repeat domain containing (FBXW) proteins are predicted to 176 
recognize IL-17RA. Having shown that IL-17RA was degraded by the ubiquitin-177 
proteasome system, particularly through CRL complex, we investigated which E3 ligase 178 
targets IL-17RA for ubiquitylation and degradation. To narrow down our targets from more 179 
than 600 E3 ligases encoded by human genome [14], we first used bioinformatics tools 180 
to predict the potential candidates. We previously found that GSK3 phosphorylates IL-181 
17RA at T780, leading to ubiquitylation and degradation of IL-17RA [25]. Therefore, we 182 
speculated that IL-17RA might have some phosphodegrons (short motifs with specific 183 
sequence pattern) that could be recognized by E3 ligases [32] for ubiquitylation and 184 
degradation [16]. In the protein sequence of human IL-17RA, there are two candidate 185 
phosphodegrons that can be recognized by FBXW7 and FBXW1A/FBXW11, which are 186 
conserved across different species (Figure 2-figure supplement 1A). FBXW proteins 187 
belong to CRL E3 ligases. Because Cullin1 and S-phase kinase associated protein 1 188 
(Skp1) are required to form an E3 ligase complex, these CRL E3 ligases are called Skp1-189 
Cullin1-F-box (SCF) E3 ligases [33]. In total, there are 10 members in the FBXW family, 190 
named from FBXW1A to FBXW12, except that FBXW3 is the pseudogene of FBXW4 and 191 
FBXW6 is identical to FBXW8 [34]. F-box domain and WD repeat domain are conserved 192 
across different FBXW E3 ligases (Figure 2-figure supplement 1B and C). Skp1 is an 193 
adaptor bridging F-box domain of FBXW E3 ligase and Cullin1 to form a complex. WD 194 
repeat domain is used to recognize a specific substrate for ubiquitylation [35]. Draberova, 195 
et al. applied mass spectrometry to analyze components in the precipitates pulled-down 196 
by recombinant Strep-Flag-tagged mouse IL-17A (SF-IL-17A). In addition to the well-197 
known components of IL-17 signaling pathway that interact with IL-17, such as IL-17RA, 198 
IL-17RC, Act1 and TRAF6, they also found Cullin1 and beta-TrCP1/2 (also known as 199 
FBXW1A/11) [36], hinting at that FBXW1A and FBXW11 may physically bind to IL-17RA. 200 
 201 
Several SCF E3 ligases are associated with IL-17RA. Because FBXW family members 202 
utilize the conserved WD domain to recognize substrates, we used co-203 
immunoprecipitation (co-IP) assays to screen the FBXW proteins that might bind with IL-204 
17RA. In HEK293T cells, Flag-tagged IL-17RA was co-transfected with Myc-tagged 205 
FBXW7 ∆F box, FBXW5, FBXW1A and Skp2. Our reciprocal co-IP results showed that 206 
FBXW7 ∆F box and FBXW5 had a strong association with IL-17RA, while FBXW1A had 207 
less binding with IL-17RA (Figure 2A). We also co-transfected Myc-His-tagged IL-17RA 208 
together with Flag-tagged FBXW2, FBXW4, FBXW8, FBXW9, FBXW11 and FBXW12. 209 
The co-IP results showed that the strongest binding partners of IL-17RA were FBXW9 210 
and FBXW11 (Figure 2B). Because we used FBXW7 with truncation of F-box, we then 211 
used HA-tagged full-length FBXW7 to exam physical association and the results showed 212 
that FBXW7 weakly bound to IL-17RA (Figure 2-figure supplement 1D). Our co-IP data 213 
indicated that there are several E3 ligase candidates for IL-17RA, including FBXW1A, 214 
FBXW5, FBXW7, FBXW9 and FBXW11. 215 
 216 
FBXW11 ubiquitylates IL-17RA via K27-linked polyubiquitin in a dose-dependent 217 
way. To determine which E3 ligase candidate has the highest activity to ubiquitylate IL-218 
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17RA, Flag-tagged IL-17RA, HA-tagged wild-type (WT) ubiquitin and candidate E3 219 
ligases were co-transfected into HEK293T cells and MG132 was used to treat the cells 220 
before extracting whole cell lysates. Anti-HA antibody was used to pull-down ubiquitylated 221 
substrates and anti-Flag and anti-IL-17RA antibodies were used to probe ubiquitylated 222 
IL-17RA. The ubiquitylation assays showed that FBXW11 had the highest activity to 223 
ubiquitylate IL-17RA, while FBXW9 and FBXW1A had much less activities than FBXW11 224 
(Figure 3A). We also used Ni-NTA beads to pull down His-tagged ubiquitin and confirmed 225 
that FBXW11 had the highest activity to ubiquitylate IL-17RA (Figure 3-figure supplement 226 
1A). Ubiquitylation of endogenous IL-17RA by FBXW11 in THP-1 and HCT116 cell lines 227 
was dose-dependent (Figure 3B and C). Engineered ubiquitin variants can selectively 228 
bind to ubiquitin-binding domains and block recognition of natural ubiquitylation 229 
substrates, thus they can be used to inhibit specific E3 ligase activity [37]. Ubv.Fw11.2 is 230 
such a ubiquitin variant selectively preventing formation of SCFFBXW11 complex [38]. We 231 
applied Ubv.Fw11.2 in our ubiquitylation assays and found that Ubv.Fw11.2 slightly 232 
inhibited ubiquitylation of endogenous IL-17RA in THP-1 cells but not in HCT116 cells 233 
(Figure 3B and C). A possible reason for this difference may be due to the low basal level 234 
of ubiquitylation present in these two cell lines. 235 

It is known that seven lysine (K) residues and the first methionine (M) residue in the 236 
ubiquitin participate in forming ubiquitin chains. Of note, K11, K27 and K48 are involved 237 
in the proteasomal degradation of substrates [21]. In THP-1 and HCT116 cells, we co-238 
transfected Flag-HA-FBXW11 along with His-tagged WT ubiquitin and a series of ubiquitin 239 
mutants with a single lysine-to-arginine substitution. The ubiquitylation assay results 240 
revealed that mutation of K27 into arginine (K27R) remarkably decreased ubiquitylation 241 
levels of IL-17RA in both cell lines, although mutation of other lysine residues also showed 242 
various degrees of reduction in ubiquitylation (Figure 3D and E). Besides, we also found 243 
that mutations of K48 and K63 slightly decreased ubiquitylation of IL-17RA in HCT116 244 
cells (Figure 3E), which agreed with our previous report [25]. 245 
 246 
Overexpression of FBXW11 accelerates degradation of IL-17RA while knock-out of 247 
FBXW11 increases protein stability of IL-17RA. Having determined that FBXW11 is 248 
the E3 ligase involved in ubiquitylation of IL-17RA, we assessed the effects of FBXW11 249 
on IL-17RA protein stability. Our lab previously established a HEK293 cell line named 250 
HEK293-IL-17RA that stably overexpresses Flag-IL-17RA [25]. We transfected Flag-251 
FBXW4, Myc-FBXW5, Flag-HA-FBXW9, Myc-FBXW1A, or Flag-HA-FBXW11 into 252 
HEK293-IL-17RA cells and used CHX to inhibit protein synthesis. Western blot analysis 253 
showed that FBXW9 and FBXW11 dramatically accelerated degradation of Flag-IL-17RA 254 
(Figure 4A) compared to vector control and other E3 ligases. In THP-1 cells, ectopic 255 
overexpression of Myc-FBXW1A, Flag-HA-FBXW11, and Flag-HA-FBXW9 enhanced 256 
degradation of endogenous IL-17RA. In Ishikawa cell line, only FBXW11 remarkably 257 
accelerated degradation of endogenous IL-17RA (Figure 4B). These findings suggest that 258 
overexpression of FBXW11 decreased protein stability of IL-17RA. Next, we examined 259 
the effects of FBXW11 knock-out (KO) on IL-17RA protein stability. A549 FBXW11 KO cell 260 
line was generated using a clustered regularly interspaced short palindromic repeats 261 
(CRISPR)/CRISPR-associated protein 9 (Cas9) technique [39]. FBXW11 knock-out 262 
increased the basal levels of IL-17RA protein compared to the parental A549 FBXW11 263 
WT cells. CHX treatment led to a rapid decrease of IL-17RA in FBXW11 WT cells but not 264 
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in FBXW11 KO cells (Figure 4C, left panel). It has been known that there is functional 265 
redundance between FBXW1A and FBXW11 [40]. FBXW1A siRNA was transiently 266 
delivered into both A549 FBXW11 WT and KO cells before treatment with CHX. It showed 267 
that knock-down of FBXW1A slightly stabilized endogenous IL-17RA compared to control 268 
siRNA group. To further verify our findings, we used CRISPR/Cas9 technique to knock 269 
out FBXW11 in Ishikawa cell line. Although basal level of endogenous IL-17RA protein 270 
was dramatically increased in Ishikawa FBXW11 KO cells compared to the parental WT 271 
cells, knock-down of FBXW1A didn’t show any obvious effects on protein stability of 272 
endogenous IL-17RA (Figure 4C, right panel). These findings suggest that FBXW11 KO 273 
increases the protein stability of endogenous IL-17RA, while the effects of FBXW1A 274 
knock-down are dependent on the cellular context as shown in previous reports 275 
(comprehensively reviewed in [41]). 276 
 277 
Expression levels of FBXW11 and IL-17RA are inversely correlated. Due to lack of 278 
good antibodies to detect endogenous FBXW11 (of note, we tested five different 279 
commercial antibodies, but none of them worked), we used real-time qPCR analysis to 280 
measure FBXW11 mRNA levels and Western blot analysis to quantify IL-17RA protein 281 
levels in 12 human cell lines (Figure 5A and B). Our results showed an inverse relationship 282 
between FBXW11 mRNA levels and IL-17RA protein levels, such that high FBXW11 283 
mRNA levels were associated with low IL-17RA protein levels, and vice versa (Figure 5C). 284 
Pearson’s correlation analysis showed that FBXW11 mRNA levels and IL-17RA protein 285 
levels were significantly inversely correlated (Figure 5D). We further explored a public 286 
protein database Clinical Proteomic Tumor Analysis Consortium (CPTAC) through the 287 
UALCAN platform (https://ualcan.path.uab.edu/analysis-prot.html) to analyze FBXW11 288 
and IL-17RA protein levels across multiple cancer types. Our analysis showed that IL-289 
17RA protein levels were significantly higher in brain tumors and uterine tumors than the 290 
corresponding normal control tissues. On the other hand, FBXW11 protein levels were 291 
significantly lower in brain tumors and uterine tumors than the corresponding normal 292 
control tissues (Figure 5E). Pearson’s correlation analysis also revealed a significant 293 
inverse correlation between the protein levels of FBXW11 and IL-17RA in both the brain 294 
tissues (Figure 5F) and the uterine tissues (Figure 5G). Phosphorylation abundance of 295 
IL-17RA was analyzed using the LinkedOmicsKB platform (https://kb.linkedomics.org/) 296 
and found that the levels of IL-17RA phosphorylation at S629 and S708 in the uterine 297 
tumor samples were significantly lower than the corresponding normal controls (Figure 5-298 
figure supplement 1A and B). The levels of IL-17RA phosphorylation at S801 in the uterine 299 
tumor samples were also lower than the corresponding normal controls, but there was no 300 
statistically significant difference likely due to the smaller sample size (Figure 5-figure 301 
supplement 1C). These findings are consistent with our hypothesis that phosphorylation 302 
accelerates IL-17RA degradation [25]. 303 
 304 
665-804 domain of IL-17RA determines its protein stability and ubiquitylation 305 
mediated by FBXW11. A previous report has shown that expression of IL-17RA ∆665 306 
mutant was more robust than that of the full-length IL-17RA. Furthermore, treatment with 307 
TNF-α and IL-17A resulted in higher levels of IL-6 secretion in IL-17RA-/- fibroblasts 308 
expressing the IL-17RA ∆665 mutant compared to the cells expressing the full-length IL-309 
17RA [10]. We generated two truncation mutants of human IL-17RA, including Flag-IL-310 
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17RA ∆665-804 and Flag-IL-17RA ∆729-773 [25]. Not only are the putative candidate 311 
phosphodegrons located within the truncated 665-804 domain, but also there are multiple 312 
potential phosphorylation sites present within the domain (Figure 6A). Our co-IP assays 313 
revealed that deletion of amino acids 665-804 resulted in a remarkably lower binding 314 
association between truncated IL-17RA and FBXW1A or FBXW11, compared to the full-315 
length IL-17RA. However, deletion of 729-773 didn’t affect the physical binding compared 316 
to the full-length IL-17RA protein (Figure 6B). Our ubiquitylation assay results also 317 
showed that deletion of 665-804 domain dramatically decreased ubiquitylation of IL-17RA, 318 
compared to the full-length IL-17RA (Figure 6C). Ectopic overexpression of full-length IL-319 
17RA and IL-17RA ∆665-804 in HEK293T cells revealed that protein levels of full-length 320 
IL-17RA dramatically decreased following treatment with CHX, whereas protein levels of 321 
IL-17RA ∆665-804 did not exhibit this trend (Figure 6D and E). Furthermore, treatment 322 
with MG132 significantly stabilized full-length IL-17RA protein but not IL-17RA ∆665-804 323 
protein (Figure 6D and F). 324 
 325 
Knock-out of FBXW11 suppresses expression of IL-17-downstream genes through 326 
inhibiting nuclear entry of NF-κB p65. Next, we investigated the functional effects of 327 
FBXW11 KO on IL-17 signaling pathways, including Akt, MAPK, and NF-κB. Our previous 328 
results showed that knock-out of FBXW11 led to a dramatic stabilization of IL-17RA 329 
protein in A549 cells and Ishikawa cells (Figure 4C). We treated A549 FBXW11 WT, A549 330 
FBXW11 KO, Ishikawa FBXW11 WT, and Ishikawa FBXW11 KO cells with 20 ng/ml rhIL-331 
17A for 10 and 30 minutes and examined the components of IL-17 signaling pathways 332 
using Western blot analysis. We found that rhIL-17A treatment dramatically increased the 333 
levels of phosphorylated p38 MAPK (p-p38 MAPK) in FBXW11 KO cells but not in 334 
FBXW11 WT cells (Figure 7A, Figure 7-figure supplement 1A). The levels of 335 
phosphorylated ERK1/2 (p-ERK1/2) were higher in FBXW11 KO cells than those in 336 
FBXW11 WT cells after rhIL-17A treatment (Figure 7B, Figure 7-figure supplement 1B). 337 
Treatment with rhIL-17A did not increase levels of phosphorylated Akt (p-AKT) in either 338 
A549 or Ishikawa cell lines. Phosphorylated JNK (p-JNK) was obviously induced after 30-339 
minutes treatment in Ishikawa cells but not in A549 cells (Figure 7B, Figure 7-figure 340 
supplement 1B). The basal levels of phosphorylated IκBα (p-IκBα) in FBXW11 KO cells 341 
were higher than those in FBXW11 WT cells, and treatment with rhIL-17A for 10 and 30 342 
minutes also induced more p-IκBα in FBXW11 KO cells compared to FBXW11 WT cells. 343 
Correspondingly, a decrease of IκBα levels was observed in both FBXW11 WT and KO 344 
cell lines, but the levels of IκBα in FBXW11 KO cells were not less than those in FBXW11 345 
WT cells after rhIL-17A treatment (Figure 7C, Figure 7-figure supplement 1C). Moreover, 346 
in our cell fractionation experiments, we observed that the nuclear protein levels of NF-347 
κB p65 in FBXW11 KO cells were obviously lower than those in FBXW11 WT cells, both 348 
at the basal levels and after rhIL-17A treatment. However, the cytoplasmic NF-κB p65 349 
levels in both WT and KO cell lines were almost equal, regardless of rhIL-17A treatment 350 
(Figure 7D). These results suggest that knock-out of FBXW11 prevents nuclear entry of 351 
NF-κB p65. It is well-known that E3 ligases FBXW1A/FBXW11 mediate ubiquitylation and 352 
degradation of p-IκBα [26]. In our A549 FBXW11 KO cells, knock-out of FBXW11 353 
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increased the basal levels of IκBα (Figure 7C) as ubiquitylation of IκBα was reduced due 354 
to lack of FBXW11. Therefore, IκBα continued to bind to and keep NF-κB p65/p50 in the 355 
cytoplasm. Even after rhIL-17A treatment, nuclear entry of NF-κB p65 in A549 FBXW11 356 
KO cells was much less than that in A549 FBXW11 WT cells (Figure 7D), resulting in 357 
reduced transcriptional activities of NF-κB. Since NF-κB is the main transcription factor 358 
that initiates expression of IL-17-downstream genes, we predicted that IL-17 cytokines 359 
might fail to induce expression of IL-17-downstream genes in FBXW11 KO cells. To verify 360 
our prediction, we applied real-time qPCR assays to analyze expression of IL-17-361 
downstream genes. Since IL-17RA is a common subunit dimerizing with other IL-17Rs to 362 
interact with different IL-17 cytokines (IL-17A, IL-17B, IL-17C, IL-17E, and IL-17F), we 363 
treated A549 FBXW11 WT and A549 FBXW11 KO cells with 20 ng/ml rhIL-17A, rhIL-17B, 364 
rhIL-17C, rhIL-17E, and rhIL-17F for 2 hours, individually. Treatment with rhIL-17A 365 
significantly increased expression levels of CXCL1 (Figure 7E), CXCL2 (Figure 7F), 366 
CXCL8 (Figure 7G), and IL-6 (Figure 7I) in A549 FBXW11 WT cells, while other IL-17 367 
cytokines only significantly increased the levels of IL-6 expression (Figure 7I). As 368 
predicted, we observed that knock-out of FBXW11 significantly decreased the expression 369 
levels of IL-17-downstream genes upon treatment with IL-17 cytokines (Figure 7E-I). 370 
Real-time qPCR analysis of the same IL-17-downstream genes in Ishikawa FBXW11 WT 371 
and FBXW KO cell lines showed similar results (Figure 7-figure supplement 1D-H). 372 

 373 

Discussion 374 

IL-17-mediated inflammation is critical for innate and adaptive immune responses. 375 
Various interaction forms between IL-17 cytokines and receptors have attracted 376 
researchers to deepen their understanding of expression patterns, localization, and roles 377 
of each single IL-17 cytokine and receptor under different conditions [1, 9, 42]. In addition, 378 
most of the research activities have been focused on modulation of downstream signaling 379 
pathways of IL-17 receptor and their roles in physiological and pathological situations [43-380 
46]. PTMs of proteins, such as phosphorylation and ubiquitylation, play significant roles 381 
in protein quality control, protein activity, gene expression, inter-/intra-cellular 382 
communications, and cellular activities [12, 47-49]. However, seldom studies have 383 
investigated PTMs of IL-17 receptors. To our best knowledge, our group first reported that 384 
IL-17RA was constitutively phosphorylated by GSK3 at threonine 780 (T780), leading to 385 
ubiquitylation and degradation, and IL-17RA phosphorylation was reduced in prostate 386 
cancer tissues compared to normal control tissues [25]. However, the specific E3 ligase 387 
mediating ubiquitylation of IL-17RA has not been identified. Another group reported that 388 
ubiquitylation of IL-17RA by TRAF6 upon IL-17F stimulation is required for downstream 389 
signaling [50]. In the current study, we determined that SCFFBXW11 complex mediated 390 
ubiquitylation of IL-17RA through recognizing 665-804 domain of IL-17RA.  391 
 392 
We first used MG132 and MLN4924 treatment to verify that degradation of exogenous 393 
and endogenous IL-17RA was mediated by the proteasome, particularly by Cullin-Ring 394 
E3 ligase (CRL) complex (Figure 1A-F). In addition, we used an FDA-approved 395 
proteasome inhibitor bortezomib to further confirm that degradation of endogenous IL-396 

.CC-BY-NC-ND 4.0 International licenseavailable 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 made 

The copyright holder for this preprintthis version posted June 22, 2023. ; https://doi.org/10.1101/2023.06.21.545972doi: bioRxiv preprint 

https://doi.org/10.1101/2023.06.21.545972
http://creativecommons.org/licenses/by-nc-nd/4.0/


17RA was mediated by the proteasome (Figure 1-figure supplement 2A-F). Lysosome 397 
inhibitor imidazole was used to exclude the possibility of lysosome-mediated degradation 398 
of IL-17RA (Figure 1-figure supplement 2G and H).  399 
 400 
More than 600 E3 ligases are encoded by human genome and more than 200 of them 401 
belong to the CRL E3 ligase family [16]. To narrow down the numbers of E3 ligase 402 
candidates targeting IL-17RA for ubiquitylation, we carried out phosphodegron 403 
predictions. Phosphodegron is a short linear motif that can be recognized by E3 ligases 404 
after phosphorylation. FBXW7 mediates ubiquitylation and degradation of multiple 405 
oncogenes, such as c-Myc and c-Jun [28, 51, 52]. In our prediction, a short linear motif 406 
(780-TPYEEE-785) of human IL-17RA matched with a phosphodegron TPxxE, which is 407 
recognized by FBXW7 (Figure 2-figure supplement 1A) [53]. On the other hand, another 408 
short linear motif (725-DSPLGSST-732) of human IL-17RA also matched with a 409 
phosphodegron DSGxxST, which is recognized by FBXW1A/FBXW11 (Figure 2-figure 410 
supplement 1A) [40]. The roles of FBXW1A/FBXW11 are context dependent, and 411 
FBXW1A and FBXW11 are believed to be functionally redundant [54]. When IL-17-binding 412 
proteins were precipitated by IL-17A cytokine, E3 ligases FBXW1A/FBXW11 and scaffold 413 
protein Cullin1 were among the components of IL-17-binding proteins [36, 55]. In addition, 414 
IL-17RA was listed among thousands of candidate substrates that might bind with 415 
FBXW11 using a parallel adaptor capture proteomics (PAC) approach (see Table S1 of 416 
[56]), but IL-17RA was not ranked high enough to be considered as an FBXW11 substrate 417 
by the investigators. Based on our phosphodegron predictions and the published hints, 418 
we hypothesized that FBXW7, FBXW1A, and FBXW11 might be the candidate E3 ligases. 419 
These three E3 ligases belong to FBXW family with 10 members that interact with 420 
phosphodegrons of a specific substrate through the WD repeat domain [33]. To determine 421 
which specific FBXW family member binds to IL-17RA, we performed co-IP assays and 422 
showed that FBXW1A, FBXW5, FBXW7, FBXW9, and FBXW11 had the highest binding 423 
association towards IL-17RA (Figure 2A and B). Since the WD repeat domain is a 424 
conserved domain and percent identity analysis showed that FBXW1A, FBXW7, and 425 
FBXW11 bear the greatest sequence similarities (Figure 2-figure supplement 1B and C), 426 
it is reasonable that multiple FBXW family members showed various degrees of binding 427 
to IL-17RA. Another possible reason could be that our co-IP assays were conducted in 428 
an overexpressed system and non-specific binding could not be completely avoided. 429 
Since the functions of SCF E3 ligases are to ubiquitylate the substrates, we performed 430 
ubiquitylation assays using two different approaches and both consistently demonstrated 431 
that FBXW11 had the highest E3 ligase activity among the candidates (Figure 3A, Figure 432 
3-figure supplement 1A). Furthermore, we confirmed that FBXW11-mediated 433 
ubiquitylation of IL-17RA was dose-dependent (Figure 3B and C), implying that the 434 
ubiquitylation activity of FBXW11 towards IL-17RA is specific. Further, engineered 435 
ubiquitin variant Ubv.Fw11.2 slightly decreased basal ubiquitylation levels of endogenous 436 
IL-17RA by FBXW11 in THP-1 cells (Figure 3B). Taken together, our findings suggest that 437 
FBXW11 is the specific E3 ligase that ubiquitylates IL-17RA. 438 
 439 
It has been well-documented that K48-linked polyubiquitin participates in proteasomal 440 
degradation of proteins and K63-linked polyubiquitin is involved in activation of protein 441 
and signaling transduction [57-59]. We found that single K27R mutation of the ubiquitin 442 
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remarkably decreased ubiquitylation levels of endogenous IL-17RA in both THP-1 and 443 
HCT116 cell lines, although a single mutation of other lysine residues also showed various 444 
degrees of reduced ubiquitylation (Figure 3D and E). These findings suggest that K27 is 445 
critical for FBXW11-mediated ubiquitylation of IL-17RA. It is possible that other lysine 446 
linked-polyubiquitin chains are secondary to K27-linked polyubiquitin. Since mixed-447 
ubiquitylation-dependent regulation of protein stability has been documented [58, 60, 61], 448 
we cannot exclude the possibility that FBXW11 ubiquitylates IL-17RA through mixed-449 
polyubiquitin chains. Beyond K48- and K63-linked polyubiquitination, polyubiquitination 450 
mediated by other lysine residues is termed as non-canonic ubiquitylation and they are 451 
poorly understood so far [59]. K27-linked non-canonic ubiquitylation is indispensable in 452 
immune response, cytokines signaling, T cell activation and differentiation [21]. IL-17RA 453 
is a key receptor in the IL-17 signaling and Th17 inflammatory responses, therefore our 454 
discovery further demonstrates the importance of K27-linked polyubiquitylation in the 455 
immune systems.  456 
 457 
We found that overexpression of FBXW11 accelerated degradation of IL-17RA (Figure 4A 458 
and B) while knock-out of FBXW11 increased protein stability of IL-17RA (Figure 4C). 459 
Although knock-out of FBXW11 didn’t completely block the degradation of IL-17RA, which 460 
was attributed to FBXW1A compensation in A549 cell line but not in Ishikawa cell line [62]. 461 
We demonstrated an inverse correlation between FBXW11 mRNA levels and IL-17RA 462 
protein levels in 12 human cell lines, including immortalized normal cell lines and cancer 463 
cell lines (Figure 5A-D). Further exploration of public proteomics database also showed 464 
that FBXW11 protein levels were inversely correlated with IL-17RA protein levels in the 465 
brain and uterine tissues (Figure 5E-G). These results suggest that FBXW11 466 
downregulates IL-17RA protein levels in both human cell lines and human tissues. 467 
 468 
Intracellular domain of IL-17RA beyond SEFIR domain has been shown to be critical for 469 
IL-6 secretion after stimulating with IL-17 and TNFα and the protein levels of IL-17RA 470 
∆665 truncation mutant was robustly higher than full-length IL-17RA [10]. We generated 471 
two truncation mutants (IL-17RA ∆729-773 and IL-17RA ∆665-804) and demonstrated 472 
that deletion of ∆665-804 not only reduced binding with FBXW1A and FBXW11, but also 473 
decreased ubiquitylation mediated by FBXW11 (Figure 6A-C). Further, IL-17RA ∆665-804 474 
truncation mutant was more stable than the full-length IL-17RA (Figure 6D-F). These 475 
findings indicate that 665-804 domain is critical for ubiquitylation and degradation of IL-476 
17RA. However, we didn’t examine which amino acid residue of IL-17RA is responsible 477 
for phosphorylation and subsequent ubiquitylation in the present study, which remains to 478 
be determined in future studies. Ubiquitylation is largely dependent on priming 479 
phosphorylation of the substrates [28, 63] and we predicted a candidate phosphodegron 480 
recognized by FBXW1A and FBXW11 together with multiple potential phosphorylation 481 
sites in the 665-804 domain. We believe that phosphorylation-dependent ubiquitylation of 482 
IL-17RA happens within this domain. The levels of IL-17RA phosphorylation at S708 and 483 
S801 in the uterine tumor samples were significantly lower than the corresponding normal 484 
controls (Figure 5-figure supplement 1A-C), while the levels of IL-17RA protein were 485 
higher in the uterine tumors than the normal tissues, suggesting that reduced IL-17RA 486 
phosphorylation is linked to more stable IL-17RA protein due to less ubiquitylation and 487 
degradation. Further study is needed to illustrate the specific amino acids of IL-17RA that 488 
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are involved in phosphorylation and ubiquitylation, which could be explored as therapeutic 489 
targets using proteolysis-targeting chimera (PROTAC) technique in the treatment of 490 
autoimmunity and cancer [64]. 491 
 492 
Since knock-out of FBXW11 remarkably increased endogenous IL-17RA protein levels in 493 
A549 and Ishikawa cell lines, we hypothesized that IL-17 cytokines that interact with IL-494 
17RA should activate IL-17 signaling pathways, inducing higher levels of expression of 495 
downstream genes in FBXW11 KO cells, compared to the parental FBXW11 WT cells. 496 
However, we found that nuclear levels of NF-κB p65 in FBXW11 KO cells were much less 497 
than FBXW11 WT cells after 30-minutes treatment with rhIL-17A (Figure 7D). This raised 498 
a question why nuclear entry of NF-κB p65 was decreased in FBXW11 KO cells. Normally, 499 
IL-17 signaling is initiated by IL-17A binding to the receptors, leading to phosphorylation 500 
of IκBα. Phosphorylated IκBα is ubiquitylated by FBXW1A/FBXW11, resulting in 501 
proteasome-mediated degradation [26]. Degradation of IκBα liberates NF-κB p50/p65 to 502 
enter the nucleus, thus starting transcription of downstream genes [1, 65]. Yet, FBXW11 503 
knockout led to a failure in ubiquitylation and degradation of IκBα, allowing IκBα to 504 
continue to trap NF-κB p50/p65 in the cytoplasm and subsequently fail to initiate 505 
expression of downstream genes. Furthermore, our real-time qPCR analysis confirmed 506 
the lower levels of basal and induced expression of downstream genes in FBXW11 KO 507 
cells compared to FBXW11WT cells (Figure 7E-I, Figure 7-figure supplement 1D-H). In 508 
addition, as a core component of IL-17 signaling, Act1 has been shown to be ubiquitylated 509 
by FBXW1A/FBXW11 and degraded by the proteasome [23]. Overall, IL-17 signaling is 510 
finely regulated by FBXW1A/FBXW11 at different levels, including IL-17RA, Act1, and 511 
IκBα (Figure 8). The present study found that IL-17RA was ubiquitylated by FBXW11, 512 
followed by proteasomal degradation. Knock-out of FBXW11 stabilizes IL-17RA and Act1, 513 
which is supposed to enhance IL-17 signaling and induce more expression of 514 
downstream genes. However, knock-out of FBXW11 decreases degradation of IκBα. 515 
Therefore, the end readouts of IL-17 signaling, that is, the expression levels of 516 
downstream genes, are reduced in FBXW11 KO cells. Treatment with rIL-17A induced 517 
more activation of MAPK signaling pathways in FBXW11 KO cells than WT cells, but the 518 
MAPK signaling pathways might not be involved in the expression of the IL-17-519 
downstream genes examined. The biological significance of MAPK activation in this 520 
setting remains unknown, which should be investigated in future studies. 521 
 522 
In summary, the present study identified SCFFBXW11 as a critical E3 ligase that regulates 523 
IL-17 signaling pathway at IL-17RA level. Future studies may be conducted to explore the 524 
potential of targeting SCFFBXW11 for the treatment of IL-17-dependent inflammatory and 525 
autoimmune conditions as well as cancers. 526 
 527 

Materials and Methods 528 

Mammalian cell culture. Human prostate cancer cell lines 22Rv1, PC-3 and LNCaP, 529 
human normal keratinocyte HaCaT, human embryonic kidney cell line HEK293T, human 530 
cervical cancer cell line HeLa, human lung cancer cell line A549, and human monocytic 531 
leukemia cell line THP-1 were purchased from the American Type Culture Collection 532 
(ATCC, Manassas, VA, U.S.A.). Human skin squamous cell carcinoma cell line A-431 533 
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was kindly gifted by Dr. Shitao Li at Tulane University. Human endometrial cancer cell 534 
line Ishikawa was kindly gifted by Dr. Matthew Burow at Tulane University. Human colon 535 
cancer cell lines HCT116 and DLD1 were kindly gifted by Dr. Lin Zhang at the University 536 
of Pittsburgh. Stable cell line HEK293-IL-17RA overexpressing exogenous Flag-IL-17RA 537 
was established in Dr. You’s lab [25]. A549 FBXW11 WT and FBXW11 KO cell lines were 538 
kindly gifted by Dr. Friedemann Weber at Institute for Virology, FB10-Veterinary Medicine, 539 
Justus-Liebig University, with the permission of Dr. Veit Hornung at Ludwig-Maximilians-540 
Universität Munich [39]. HaCaT, HEK293T, HeLa, A549, A-431, Ishikawa, HCT116, 541 
DLD1, HEK293-IL17RA, A549 FBXW11 WT, and A549 FBXW11 KO cell lines were 542 
maintained in high-glucose Dulbecco’s Modified Eagle Medium (DMEM) Genesee 543 
(Scientific, San Diego, CA, U.S.A., #25-500) supplied with 10% fetal bovine serum (FBS, 544 
ATCC, Manassas, VA, U.S.A., #30-2022). THP-1, 22Rv1, and LNCaP cell lines were 545 
maintained in RPMI-1640 (Genesee Scientific, San Diego, CA, U.S.A., #25-506) 546 
medium supplied with 10% FBS. PC-3 cell line was maintained in Kaighn’s Modification 547 
of Ham’s F-12 (F-12K) (ATCC, #30-2004) supplied with 10% FBS. All cell lines were 548 
maintained in a humidified condition at 37 °C with 5% carbon dioxide. Where indicated, 549 
cells were treated with cycloheximide (CHX, Millipore Sigma, #01810), MG132 (Millipore 550 
Sigma, #M8699; Cayman chemical company, #10012628), bortezomib (Selleckchem, 551 
#S1013), MLN4924 (Selleckchem, #S7109), and imidazole (Fisher scientific, 552 
#A10221.36) dissolved in dimethyl sulfoxide (DMSO) (Fisher scientific, #BP231-100). 553 

 554 

Plasmids. The following plasmids were purchased from Addgene: HA-Ubiquitin WT 555 
(#17608), Myc-FBXW7 ∆F box (#16652), Myc-FBXW5 (#19905), Myc-FBXW1A 556 
(#20718), and Myc-Skp2 (#19947). The following plasmids were kindly gifted by Dr. 557 
Michael Pagano at New York University: Flag-FBXW2, Flag-FBXW4, Flag-HA-FBXW8, 558 
Flag-HA-FBXW9, Flag-HA-FBXW11, and Flag-HA-FBXW12. The following plasmids 559 
were kindly gifted by Dr. Hua Lu at Tulane University: His-ubiquitin WT, His-ubiquitin 560 
K6R, His-ubiquitin K11R, His-ubiquitin K27R, His-ubiquitin K29R, His-ubiquitin K33R, 561 
His-ubiquitin K48R, and His-ubiquitin K63R [66]. Plasmids of lentiCRISPRv2 (addgene, 562 
#52961), pMD2.G (addgene, #12259) and psPAX2 (addgene, #12260) were also kindly 563 
gifted by Dr. Hua Lu at Tulane University. Flag-IL-17RA full-length plasmid was obtained 564 
from Dr. Xiaoxia Li [67] and it was used as a template to create Flag-IL-17RA ∆729-773 565 
and Flag-IL-17RA ∆665-804 truncation mutants. Myc-His-IL-17RA plasmid was 566 
generated as previously described [68]. 567 

 568 

CRSIPR/Cas9-mediated gene knock-out. Targeting exon sequence (5'-569 
GTGGACGACACAACTTGCAGAGG-3’) was selected by the CHOPCHOP online tool 570 
(http://chopchop.cbu.uib.no/) and this target was validated by Dr. Friedemann Weber 571 
and Dr. Veit Hornung [39]. Standard de-salted oligos (Oligo 1: 5’-572 
CACCGGTGGACGACACAAC TTGCAG-3’, Oligo 2: 3’-573 
CCACCTGCTGTGTTGAACGTCCAAA-5’) were synthesized by Eurofins Genomics 574 
and were diluted to 100 μM in sterile water. GeCKO system was applied to generate 575 
lentiviral CRISPR tool following well-established protocols from Dr. Feng Zhang’s lab 576 
[69, 70]. Oligo 1 and oligo 2 were annealed by T4 polynucleotide kinase (NEB, 577 
#M0201S) at 37 ℃ for 30 min and 95 ℃ for 5 min, then the temperature ramped down 578 
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to 25 ℃ at 5 ℃/min. The lentiCRISPRv2 was digested by BsmBI-v2 (NEB, #R0739S) at 579 
55 ℃ for 15 min and heated to be inactivated at 80 ℃ for 20 min before chilling on ice. 580 
Digested lentiCRISPRv2 and annealed oligos were ligated with T4 DNA ligase (NEB, 581 
#M0202S) at 16 ℃  overnight and were heated to be inactivated at 65 ℃  for 10 min 582 
before chilling on ice. 5 µl of ligation product was transformed into 50 µl of Stbl3 583 
competent cells (Invitrogen, #C737303). Insertion of guide RNA into lentiviral CRISPR 584 
plasmid was verified by Sanger sequencing under U6-forward primer (5’-585 
GACTATCATATGCTTACCGT-3’) before packaging lentiviruses. HEK293T cells were 586 
placed into a 10-cm dish 24 hours before transfection, supplied with 7 ml of Dulbecco's 587 
Modified Eagle's Medium (Genesee, #25-500) containing 10% fetal bovine serum. When 588 
the confluency reached 70-80%, jetPRIME (Polyplus, #101000046) was used to carry 589 
out co-transfection according to manufacturer’s instructions. The amount of each 590 
plasmid was 5 μg recombinant lentiCRISPR, 2 μg pMD2.G, and 3 μg psPAX2. Plasmids 591 
were incubated for 12 hours before replacing with 6 ml of fresh complete culture medium. 592 
The supernatant containing lentiviruses was collected two times at 48 hours and 96 593 
hours post-transfection. The supernatant containing lentiviruses was centrifuged at 594 
1,000 rpm for 5 min at room temperature and aliquoted to be stored at -80 ℃. 24 hours 595 
before infecting with lentiviruses containing guide RNA targeting FBXW11 or empty 596 
vector, Ishikawa cells were seeded into a well of 6-well plate. When the cell confluency 597 
reached 30-50%, a mixture of 500 μl of fresh culture medium, 500 μl of virus medium, 598 
and 8 µg/ml of polybrene was added into the cells. 24 hours post the first infection, the 599 
infection was repeated once. 48 hours post the second infection, 1 μg/ul puromycin was 600 
used to select cells with successful infection. 7 days later, the surviving cells were serially 601 
diluted and placed into 96-well plates at a density of 0.5 cell per well. Puromycin 602 
selection was maintained for another 3-4 weeks until colonies were visible by naked 603 
eyes. Colonies were picked up to amplify before isolating genomic DNA using Quick-604 
DNA miniprep Plus kit (Zymo research, #D4068). Standard PCR with a forward primer 605 
(5'-TATCGGTGGTATGCTGTTTCTG-3’) and a reverse primer (5'-TCTCGTAGGCCAC 606 
TGATAATTT-3') was applied to amplify the target DNA sequence. Sanger sequencing 607 
was used to determine genotype of clones with the PCR primers. One clone (termed 608 
C1) that contained a 4-base pair deletion at the target site (5’-GTGGACGACACAA----609 
CAGAGG-3’) was selected as the FBXW11 knock-out cell line. 610 

 611 

Transfection of plasmids and small interference RNA (siRNA). Human IL-17RA 612 
siRNA (#sc-40037) and nontargeting control RNA (#sc-37007) were obtained from 613 
Santa Cruz Biotechnology. Human FBXW1A siRNAs (#D-003463-01-0002, D-003463-614 
02-0002, D-003463-03-0002, and D-003463-04-0002) were purchased from 615 
Dharmacon. AllStars Negative Control RNA (#SI03650318) was obtained from QIAGEN. 616 
Cells were transfected with plasmids or siRNA when the confluency reached around 70-617 
80%. Transfection was performed using jetPRIME transfection reagent (Polyplus, #114-618 
15) according to manufacturer’s instructions. After transfection, the cells were incubated 619 
for 12-24 hours before replacing with fresh culture medium and subsequent treatments 620 
were conducted appropriately. 621 

 622 
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Western blot analysis. Cells were washed with phosphate buffered saline (PBS) and 623 
lysed with radioimmunoprecipitation assay (RIPA) buffer (50 mM sodium fluoride, 0.5% 624 
NP-40, 10 mM sodium phosphate monobasic, 150 mM sodium chloride, 25 mM Tris pH 625 
8.0, 2 mM ethylenediaminetetraacetic (EDTA), and 0.2 mM sodium vanadate) with a fresh 626 
supplement of 1× protease inhibitor cocktail (PIC, Millipore Sigma, #P8849). After 627 
incubation on ice for 15 min, cell lysate was centrifuged at 13,000 x g for 15 min at 4 ℃. 628 
The supernatant of whole cell lysate was transferred into a new microcentrifuge tube and 629 
boiled with 3x sample loading buffer (208.1 mM sodium dodecyl sulfate (SDS), 30% 630 
glycerol, 187.5 mM Tris pH 6.8, 15% β-mercaptoethanol, 14.9 mM bromophenol blue) at 631 
100 ℃ for 5-10 min. Around 60-120 µg of total protein was subject to sodium dodecyl 632 
sulfate polyacrylamide gel electrophoresis (SDS-PAGE) and transblotted to the 633 
polyvinylidene fluoride membranes (PVDF, Genesee Scientific, #83-646R). The blots 634 
were blocked with 2.5% bovine serum albumin (Millipore Sigma, #A3294) solution 635 
containing 0.02% sodium azide (Millipore Sigma, #S2002). The blots were probed with 636 
the following primary antibodies at room temperature for 1-2 hours or at 4 ℃ overnight: 637 
anti-GAPDH (Millipore, #MAB374, 1:5,000 dilution), anti-Flag M2 (Sigma, #F3165, 638 
1:20,000 dilution), anti-IL-17RA (Santa Cruz Biotechnology, #sc-376374, 1:500 dilution), 639 
anti-c-Myc (Santa Cruz Biotechnology, #sc-40, 1:1,000 dilution), anti-c-Myc (Novus, 640 
#NB600-335, 1:1,000 dilution), anti-HA (Santa Cruz Biotechnology, #sc-7392, 1:1,000 641 
dilution), anti-FBXW7 (Bethyl Laboratories, #A301-720A, 1:15,000 dilution), anti-p-Akt 642 
(Cell Signaling Technology, #9271, 1:500 dilution), anti-Akt (Santa Cruz Biotechnology, 643 
#sc-81434, 1:100 dilution), anti-p-IκBα (Cell Signaling Technology, #2859, 1:1,000 644 
dilution), anti-IκBα (Cell Signaling Technology, #4814, 1:1,000 dilution), anti-p-JNK (Cell 645 
Signaling Technology, #9255, 1:500 dilution), anti-JNK (Cell Signaling Technology, #9252, 646 
1:1,000 dilution), anti-p-ERK1/2 (Santa Cruz Biotechnology, #sc-7383, 1:500 dilution), 647 
anti-ERK1/2 (Cell Signaling Technology, #4695, 1:1,000 dilution), anti-p-p38 MAPK 648 
(Santa Cruz Biotechnology, #sc-166182, 1:500 dilution), anti-p38 MAPK (Cell Signaling 649 
Technology, #8690, 1:1,000 dilution), anti-NF-κB p65 (Cell Signaling Technology, #6956, 650 
1:500 dilution), anti-β-tubulin (Cell Signaling Technology, #2128, 1:1,000 dilution), and 651 
anti-Histone H3 (Cell Signaling Technology, #4499, 1:2,000 dilution). Li-Cor IRDye680- 652 
and IRDye800-conjugated secondary antibodies were incubated at room temperature for 653 
45 min at a dilution of 1: 10,000 and 1: 5,000, respectively. The blots were scanned with 654 
a Li-COR Odyssey 9120 Digital Imaging system. When necessary, the blots were stripped 655 
with a stripping buffer (62 mM Tris-HCl pH 6.7, 2% SDS, and 100 mM β-mercaptoethanol) 656 
and re-scanned to confirm stripping efficiency before probing for another antigen of 657 
interest. Adobe illustrator was utilized to organize images. 658 
 659 
Co-immunoprecipitation (co-IP). HEK293T cells were seeded at a density of 1x10^6 660 
cells per 6-cm dish or 4.5x10^6 cells per 10-cm dish, approximately 20 hours prior to 661 
transfection. 3 ml and 7 ml of DMEM (with 10% FBS) were added to the 6-cm and 10-cm 662 
dishes, respectively. Transient transfection of plasmids was conducted using jetPRIME 663 
(Polyplus, #114) according to the manufacturer’s instructions. 48 hours post transfection, 664 
protein was extracted with an IP lysis buffer (50 mM Tris-HCl pH 7.5, 0.5% Nonidet P-40, 665 
1 mM EDTA, and 150 mM NaCl). IP lysis buffer was freshly supplemented with 1x PIC 666 
and 1 mM 1,4-dithiothreitol (DTT, Thermo Fisher, #R0861). A proper amount of lysis buffer 667 
was added and vortexed vigorously for 10 sec, followed by incubation on ice for 30 min 668 
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and vortexing every 10 min. Cell debris was removed by centrifuging at 13,000 x g at 4 669 
℃  for 15 min. Supernatant was transferred into a new centrifuge tube and protein 670 
concentration was quantified with Bradford assay [71]. Immunoprecipitation was carried 671 
out by mixing 500-800 µg of whole cell lysate and 1-2 µg of anti-Flag M2 antibody (Sigma 672 
Millipore, #F3165), 1-2 µg of anti-c-Myc antibody (Santa Cruz Biotechnology, #sc-40), or 673 
12 µg of anti-FBXW7 antibody (Bethyl Laboratories, #A301-720A). 1-2 hours later, 20 µl 674 
of 75% (v/v) rProtein A agarose resin beads (Genesee Scientific, #20-525) were added 675 
into each sample and kept incubation with gentle rocking at 4℃ overnight. The beads 676 
were washed with 1 ml of pre-chilled IP lysis buffer (freshly supplemented with 1 mM DTT 677 
and 1x PIC) 3 times. The precipitated proteins were eluted in 20 µl of 2x sample loading 678 
buffer with boiling at 100 ℃ for 5 min. Samples were subject to Western blot analysis. 679 
 680 
Ubiquitylation assay. 42 hours post-transfection, cells were treated with 20 µM MG132 681 
for 6–8 hours. The cells were collected and washed with PBS once. When Ni-NTA resins 682 
(Thermo Fisher, #88221) were used, the cell pellet was aliquoted into two parts: 25% of 683 
the cells was lysed with RIPA buffer, freshly supplemented with 1 x PIC, on ice for 10 min 684 
and 75% of cells was lysed with fresh Buffer B (8 M Urea, 0.1 M Na2HPO4/NaH2PO4, pH 685 
8.0, 0.01 M Tris-Cl pH 8.0, 10 mM β-mecaptoethanol, and 25 mM imidazole) at room 686 
temperature for 10 min. The supernatant was collected after centrifuge at 13,000 x g for 687 
15 min at 4℃ or room temperature, respectively. The whole cell lysate extracted with RIPA 688 
buffer was subject to SDS-PAGE and the signal intensity of IL-17RA detected with 689 
Western blot was used to adjust the amount of cell lysate of each sample applied to 690 
subsequent pull-down assays, in order to keep equal amount of proteins used for each 691 
pull-down reaction. 30 µl of 50% Ni-NTA resins was washed three times with Buffer B and 692 
then resuspended in 100 µl of Buffer B. The resins were incubated with proper volume of 693 
cell lysate extracted with Buffer B at room temperature for 4 hours. The Ni-NTA resins 694 
were washed with 1 ml of Buffer B 3 times and 1 ml of fresh Buffer C (8 M Urea, 0.1 M 695 
Na2HPO4/NaH2PO4, pH 6.3, 0.01 M Tris-Cl pH 6.3, and 10 mM β-mecaptoethanol) for 2 696 
times. The samples were processed for elution with boiling twice in 1x sample loading 697 
buffer containing 300 mM imidazole at 100 ℃  for 3 min each time. When rProtein A 698 
agarose resins were used, the cell pellet was boiled in 120 µl of denaturing IP lysis buffer 699 
(50 mM Tris-HCl pH 7.5, 0.5% Nonidet P-40, 1 mM EDTA, 150 mM NaCl, freshly 700 
supplemented with 1x PIC, 1 mM DTT, and 1% SDS) at 100℃  for 10 min. After 701 
centrifuging at 13,000 x g at room temperature for 15 min, 110 µl of supernatant was 702 
collected. 20 µl of supernatant was aliquoted into a new tube as whole cell lysate sample 703 
and boiled with 3x sample loading buffer for 5 min. The rest of 90 µl supernatant was 704 
diluted with freshly prepared IP lysis buffer (without SDS) until the concentration of SDS 705 
was less than 0.1%. Before immunoprecipitation, a direct Western blot analysis was 706 
conducted to decide the proper amount of cell lysate needed. During immunoprecipitation, 707 
3 µg anti-HA antibody (Santa Cruz Biotechnology, #sc-7392) was used to pull down 708 
ubiquitin-conjugated IL-17RA, which was incubated at 4℃ with gentle agitation for 1-2 709 
hours. Then, 20 µl of 75%(v/v) rProtein A agarose resins were added into each sample. 710 
Samples were incubated with gentle rocking at 4℃  overnight. The resin beads were 711 
washed with 1 ml pre-chilled IP lysis buffer (freshly supplemented with 1 mM DTT and 1 712 
x PIC) for 3 times and boiled with 20 µl 2x loading buffer at 100℃ to elute the precipitated 713 
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proteins, which was repeated once to achieve a thorough elution. Samples were 714 
subjected to subsequent Western blot analysis.  715 
 716 
Nuclear and cytoplasmic protein extraction. For both A549 and Ishikawa cell lines, 24 717 
hours before treatment, 2.0 x 10^6 FBXW11 WT and 2.5 x 10^6 FBXW11 KO cells were 718 
seeded into 10-cm dishes. 20 ng/ml recombinant human IL-17A (rhIL-17A, R&D Systems, 719 
#7955-IL-025/CF) was used to treat the cells for 10 or 30 minutes. According to 720 
manufacturer’s instructions, cytoplasmic and nuclear proteins were extracted using NE-721 
PER nuclear and cytoplasmic extraction kit (Thermo Scientific, #78833). In brief, FBXW11 722 
WT and FBXW11 KO cells were collected with trypsin-EDTA. After centrifuge at 500 x g 723 
for 5 minutes at 4 ℃, the supernatant was discarded. 200 μl ice-cold cell extraction 724 
reagent I was added and vortexed vigorously for 15 seconds to lyse cell membrane, 725 
followed by incubation for 10 minutes and adding 11 μl ice-cold cell extraction reagent II. 726 
The lysates were vortexed for 5 minutes and incubated on ice for 1 min. The supernatant 727 
was transferred into a new tube after centrifuging at 13,000 x g for 15 minutes. The 728 
insoluble pellet was resuspended with 50-100 μl nuclear extraction reagent and vortexed 729 
for 15 seconds, followed by incubation on ice for 40 minutes with vortexing every 10 730 
minutes. The supernatant was collected after centrifuging at 13,000 x g for 15 minutes. 731 
The protein concentration was quantified with a Take3 microplate spectrometer (BioTeck, 732 
Synergy H1). 733 
 734 
Quantitative real-time PCR (qPCR) analysis. FBXW11 WT and FBXW11 KO cell lines 735 
(A549 and Ishikawa) were treated with 20 ng/ml rhIL-17A (R&D Systems, #7955-IL-736 
025/CF), rhIL-17B (R&D Systems, #8129-IL-025/CF), rhIL-17C (R&D Systems, #9640-737 
IL-025/CF), rhIL-17E (R&D Systems, #8134-IL-025/CF), or rhIL-17F (R&D Systems, 738 
#1335-INS-025/CF) for 2 hours. According to the manufacturer’s instructions, total RNA 739 
was isolated using the Trizol reagent (Ambio, #15596018) and quantified using a Take3 740 
microplate spectrometer (BioTeck, Synergy H1). 1000 ng of RNA was used to synthesize 741 
cDNA by reverse transcriptase (Takara, #RR037A). The cDNA was diluted with 742 
DNase/RNase-free water 10-fold before performing qPCR. In each qPCR reaction, a 743 
mixture in one well of 384-well plates consisted of 2 μl of PCR primer mix (with final 744 
concentration of 1 μM and the primer sequences shown in Table 1), 4 μl of SYBR Green 745 
Master mix (Applied Biosystems, #A25742), 0.8 μl diluted cDNA, and 1.2 μl 746 
DNase/RNase-free water. The following default PCR program was conducted: stage 1 95 747 
℃ 5 min; stage 2 95 ℃ 15 sec, 60 ℃ 1 min, x 40 cycles; melt curve: 95 ℃ 15 sec, 60 ℃ 1 748 
min, 95 ℃ 15 sec. ∆∆Ct method [72] was used to calculate fold change of gene expression. 749 
GAPDH was used as loading control and WT-Control group was used for calibration. Fold 750 
change relative to Control group of FBXW11 WT of each cell line was calculated as 2−∆∆Ct 751 
[(∆∆Ct = sample (Cttarget − CtGAPDH) − calibrator (Cttarget − CtGAPDH)]. 752 
 753 
Bioinformatics analysis. Human Protein Atlas database was analyzed to figure out IL-754 
17RA mRNA levels across multiple human cell lines (https://www.proteinatlas.org/, 755 
access time 10/27/2022) [73]. Putative phosphodegrons of IL-17RA were predicted by Dr. 756 
Pengbo Zhou and eukaryotic linear motif (ELM) resource was explored to further validate 757 
this prediction [74]. Multiple sequence alignment of tryptophan-aspartic acid (WD) repeat 758 
domain of FBXW family members was conducted with CLUSTAL Omega O(1.2.4) 759 
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(https://www.uniprot.org/align) [75]. Proteomics data of glioblastoma multiforme and 760 
uterus corpus endometrial carcinoma (UCEC) were downloaded from the Clinical 761 
Proteomic Tumor Analysis Consortium (CPTAC) (https://pdc.cancer.gov/pdc/) [76, 77] 762 
and UALCAN database (https://ualcan.path.uab.edu/) [78]. Z-values of IL-17RA and 763 
FBXW11 protein levels in glioblastoma multiforme, UCEC, and corresponding normal 764 
brain and endometrial (with or without enrichment)/myometrial tissues were provided by 765 
Dr. Darshan Shimoga Chandrashekar and Dr. Sooryanarayana Varambally at the 766 
University of Alabama at Birmingham, which were used to carry out the Pearson’s 767 
correlation analysis. Phosphorylation abundance of human IL-17RA in UCEC was 768 
analyzed using the LinkedOmicsKB platform (https://kb.linkedomics.org/#) [79].  769 
 770 
Statistical analysis. All in vitro experiments were repeated at least 3 times unless 771 
indicated in the figure legends. GraphPad Prism software (Version 9.5.1, 733) was 772 
applied to carry out all statistical analysis. A two-way analysis of variance (ANOVA) was 773 
conducted to determine the source of variation and its significance when the cells were 774 
treated with cycloheximide. Simple linear regression was used to calculate half-life time 775 
of proteins when the cells were treated with cycloheximide. One-way ANOVA or unpaired 776 
Student’s t test were applied to determine statistical significance for quantitative data. A 777 
two-tailed P value < 0.05 was considered statistically significant. 778 
 779 
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Figure and Corresponding Legends 967 

 968 

Figure 1. Exogenous and endogenous IL-17RA are degraded through ubiquitin-969 
proteasome system, particularly Cullin-Ring-E3 Ligase complex. 970 
(A) Western Blot analysis of expression levels of exogenous Flag-IL-17RA. 5 μg full-971 
length Flag-IL-17RA plasmids were transiently transfected into HEK293T cells in a 10-cm 972 
dish. 18 hours (h) post transfection, cells were evenly split into 6-well plates. 42 h post 973 
transfection, the cells were treated with 20 μM MG132 or 0.5 μM MLN4924 for 8 h and 974 
50 μg/ml CHX for indicated hours. Of note, in the group with CHX treatment for 8 h, 975 
MG132 or MLN4924 was added to all treatment groups simultaneously. Treatment of 976 
each subgroup was terminated at the same time, therefore CHX was added to another 977 
two subgroups 2 and 4 h before collecting cells. Overall, treatment time of MG132 and 978 
MLN4924 was 8 h and treatment time of CHX was 0, 2, 4, and 8 h, respectively. DMSO 979 
was used as control treatment. (B) Western blot analysis of endogenous IL-17RA in 980 
22Rv1 cells after treatment with 20 μM MG132, 0.5 μM MLN4924 for 8h and 50 μg/ml 981 
CHX for indicated hours. DMSO was used as control treatment. (C) Western blot analysis 982 
of endogenous IL-17RA in HaCaT cell line after treatment with 10 μM of MG132 for 8 h 983 
and 50 μg/ml of CHX for indicated time. DMSO was used as control treatment. (D-F) 984 
Neddylation inhibitor MLN4924 at 0.1 μM, 0.5 μM, and 2.0 μM was used to treat HaCaT 985 
(D), 22Rv1 (E) and PC-3 (F) cell lines for 6, 12 and 24 h. DMSO was used as control 986 
treatment. Each experiment was repeated at least 3 times. 987 
 988 
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 989 
Figure 1-figure supplement 1. Expression level of endogenous IL-17RA mRNAs 990 
across multiple cell lines and validation of the specificity of anti-IL-17RA antibody. 991 
(A) Human Protein Atlas database (https://www.proteinatlas.org/; access date 992 
10/27/2022) was explored to figure out mRNA levels of IL-17RA across multiple human 993 
cell lines. (B & C) To validate the specificity of anti-IL-17RA antibody (G9 clone, Santa 994 
Cruz Biotechnology), HaCaT cells in 10-cm dishes (B) and 22Rv1 cells in 6-cm dishes 995 
(C) were transiently transfected with various amounts of IL-17RA siRNA or control siRNA 996 
for 48 h. Protein levels of endogenous IL-17RA were analyzed using Western blot.  997 
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 999 

Figure 1-figure supplement 2. Proteasome inhibitor bortezomib slightly 1000 
accumulates endogenous IL-17RA but lysosome inhibitor imidazole has no 1001 
obvious effect on IL-17RA protein levels.  1002 
(A-D) Western blot analysis of endogenous IL-17RA in HaCaT (A), THP-1 (B), 22Rv1 (C), 1003 
and PC-3 (D) cell lines treated with 1 nM, 10 nM, 50 nM, 100 nM, and 200 nM bortezomib 1004 
for 14 h. DMSO was used as control treatment. (E) Western blot analysis of endogenous 1005 
IL-17RA in HaCaT cell line treated with 100 nM bortezomib for 12 h and 50 μg/ml CHX 1006 
for indicated time. DMSO was used as control treatment. (F) Western blot analysis of 1007 
endogenous IL-17RA in 22Rv1 cell line treated with 200 nM bortezomib for 8 h and 50 1008 
μg/ml CHX for indicated time. DMSO was used as control treatment. (G) Western blot 1009 
analysis of endogenous IL-17RA in HaCaT cell line treated with 2 mM, 5 mM, 10 mM, 20 1010 
mM, 50 mM, and 100 mM imidazole for 12 h. DMSO was used as control treatment. (H) 1011 
Western blot analysis of endogenous IL-17RA in HaCaT cell line treated with 5 mM 1012 
imidazole for indicated time. DMSO was used as control treatment. Treatment of 1013 
bortezomib was repeated 3 times while treatment of imidazole was repeated 2 times.  1014 
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 1015 

Figure 2. Several FBXW E3 ligases bind to IL-17RA.  1016 
(A) Binding of IL-17RA with E3 ligases. HEK293T cells were seeded at a density of 1 x 1017 
10^6 into 6-cm dishes. 20 h post-seeding, 1.5 µg full-length Flag-IL-17RA, 1.5 µg Myc-1018 
FBXW7 ∆F, 1.5 µg Myc-FBXW5, 1.5 µg Myc-FBXW1A and 1.5 µg Myc-Skp2 plasmids 1019 
were transiently transfected using jetPRIME transfection reagent as indicated. An empty 1020 
vector was used to compensate for the total amount of plasmids. 48 h post transfection, 1021 
proteins were extracted using IP lysis buffer. The reciprocal co-IP assays were carried out 1022 
using 1 µg anti-Flag M2 or 1 µg anti-c-Myc antibodies. Experiments were repeated 4 times 1023 
independently. (B) Binding of IL-17RA with E3 ligases. HEK293T cells were seeded at a 1024 
density of 1 x 10^6 into 6-cm dishes. 2 µg full-length Myc-His-IL-17RA, 2 µg Flag-FBXW2, 1025 
2 µg Flag-FBXW4, 1.5 µg Flag-HA-FBXW8, 1 µg Flag-HA-FBXW9, 2 µg Flag-HA-1026 
FBXW11, and 2 µg Flag-FBXW12 plasmids were transiently transfected using jetPRIME 1027 
transfection reagent as indicated. An empty vector was used to compensate for the total 1028 
amount of plasmids. 48 h post transfection, proteins were extracted using IP lysis buffer. 1029 
The reciprocal co-IP assays were carried out using 1 µg anti-Flag M2 or 1 µg anti-c-Myc 1030 
antibodies. Experiments were repeated 3 times independently. Asterisks indicate IgG 1031 
heavy chain of antibodies used in co-IP. Experiments were repeated 4 times 1032 
independently. 1033 

  1034 

.CC-BY-NC-ND 4.0 International licenseavailable 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 made 

The copyright holder for this preprintthis version posted June 22, 2023. ; https://doi.org/10.1101/2023.06.21.545972doi: bioRxiv preprint 

https://doi.org/10.1101/2023.06.21.545972
http://creativecommons.org/licenses/by-nc-nd/4.0/


 1035 

Figure 2-figure supplement 1. F-box and WD repeat domain containing 7 (FBXW7) 1036 
and FBXW1A/11 are E3 ligase candidates recognizing IL-17RA phosphodegron. 1037 
(A) Phosphodegron TPxxE recognized by FBXW7 matches amino acid 780-785 of human 1038 
IL-17RA. Phosphodegron DSGxxST recognized by FBXW1A/11 matches amino acid 1039 
725-732 of human IL-17RA. The phosphodegrons are conserved across different species. 1040 
(B) Diagram showing conserved domains, F-box domain and WD repeat domain, of 1041 
FBXW family members. FBXW5 has a special D-box domain. (C) Percent identity of 1042 
tryptophan-aspartic acid (WD) repeat domains of FBXW family members was computed 1043 
with Clustal Omega algorithm [75]. The plot was made using Prism GraphPad. (D) Binding 1044 
of IL-17RA with FBXW7. HEK293T cells were seeded into 6-cm dishes at the density of 1045 
1 x 10^6. 1.5 µg full-length Flag-IL-17RA and 1.5 µg full-length HA-FBXW7 plasmids were 1046 
transiently transfected using jetPRIME transfection reagent. An empty vector was used 1047 
to compensate for the total amount of plasmids. 48 h post transfection, proteins were 1048 
extracted using IP lysis buffer. The co-IP assays were carried out using 2 µg normal IgG 1049 
(Cell signaling technology, #2729), 2 µg anti-Flag M2 or 12 µg anti-FBXW7. Experiments 1050 
were repeated 4 times independently.  1051 
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 1052 

Figure 3. FBXW11 ubiquitylates IL-17RA mainly via K27-linked polyubiquitin chain 1053 
in a dose-dependent way. 1054 
(A) HEK293T cells were seeded into 10-cm dishes at a density of 4 x 10^6. 3 µg full-1055 
length Flag-IL-17RA, 2 µg HA-ubiquitin WT, 3 µg Flag-FBXW4, 3 µg Myc-FBXW5, 4 µg 1056 
HA-FBXW7, 2 µg Flag-HA-FBXW9, 3 µg Flag-HA-FBXW11, and 3 µg Myc-FBXW1A 1057 
plasmids were transiently transfected using jetPRIME transfection reagent as indicated. 1058 
An empty vector was used to compensate for the total amount of plasmids. 42 h post 1059 
transfection, transfected cells were treated with 10 µM MG132 for 6 h. Experiments were 1060 
repeated 4 times independently. (B) THP-1 cells were seeded into 10-cm dishes at a 1061 
density of 1.5 x 10^6. 24 h post seeding, 1 or 2 µg Flag-Ubv.Fw.11.2, 0.1 or 1 µg Flag-1062 
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HA-FBXW11, and 2.5 µg His-ubiquitin WT plasmids were transfected using JetPrime 1063 
transfection reagent. An empty vector was used to compensate for the total amount of 1064 
plasmids. 42 h post transfection, 20 µM MG132 was added to treat the cells for 6 h. (C) 1065 
HCT116 cells were seeded into 10-cm dishes at the density of 2 x 10^6. 24 h post seeding, 1066 
2 or 4 µg Flag-Ubv.Fw.11.2, 2 or 4 µg Flag-HA-FBXW11, and 2.5 µg His-ubiquitin WT 1067 
plasmids were transfected using JetPrime transfection reagent. An empty vector was 1068 
used to compensate for the total amount of plasmids. 42 h post transfection, 20 µM 1069 
MG132 was added to treat the cells for 6 h. Experiments were repeated 4 times 1070 
independently. (D) THP-1 cells were seeded into 10-cm dishes at a density of 1.5 x 10^6. 1071 
24 h post-seeding, 1 µg Flag-HA-FBXW11, and 2.5 µg WT or single lysine mutated His-1072 
ubiquitin plasmids were transfected using JetPrime transfection reagent. Empty vector 1073 
was used to compensate for the total amount of plasmids in transfection. 42 h post-1074 
transfection, 20 µM MG132 was added to treat the cells for 6 h. Experiments were 1075 
repeated 4 times independently. (E) HCT116 cells were seeded into 10-cm dishes at a 1076 
density of 3 x 10^6. 24 h post-seeding, 2 or 4 µg Flag-HA-FBXW11, and 2.5 µg WT or 1077 
single lysine mutated His-ubiquitin plasmids were transfected using JetPrime transfection 1078 
reagent. Empty vector was used to compensate for the total amount of plasmids in 1079 
transfection. 42 h post-transfection, 20 µM MG132 was added to treat the cells for 6 h. 1080 
Experiments were repeated 3 times independently. 1081 
 1082 
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 1084 

Figure 3-figure supplement 1. FBXW11 has the highest ubiquitylation activity 1085 
towards IL-17RA. 1086 
(A) 21 h before transfection, HEK293T cells were seeded into 10-cm dishes at a density 1087 
of 4.5 x 10^6. 1.5 µg full-length Flag-IL17RA, 3 µg His-ubiquitin WT, 2 µg Myc-FBXW5, 1088 
1.5 µg Flag-HA-FBXW9, 3.5 µg Flag-HA-FBXW11, 3.5 µg Myc-FBXW1A, and various 1089 
amounts of empty vector (to compensate for the total amount of plasmids) were 1090 
transiently transfected using jetPRIME transfection reagent as indicated; 40 h post 1091 
transfection, 20 µM MG132 was added to treat cells for 8 h.   1092 
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 1093 

Figure 4. FBXW11 down-regulates the protein level of IL-17RA. 1094 
(A) CHX assays were conducted to investigate the effects of FBXW1A, FBXW9, and 1095 
FBXW11 overexpression on HEK293-IL-17RA stable cell line. 24 h before transfection, 1096 
1.2 x 10^6 HEK293-IL-17RA cells were seeded into 6-cm dishes. 2 μg Flag-FBXW4, 1.5 1097 
μg Myc-FBXW5, 1.5 μg Flag-HA-FBXW9, 3 μg Myc-FBXW1A, or 3 μg Flag-HA-FBXW11 1098 
plasmids were transiently transfected using jetPRIME transfection reagent. Empty vector 1099 
was used as transfection control and to compensate for the total amount of plasmids for 1100 
each transfection. 6 h post-transfection, the cells in each 6-cm dish were evenly split into 1101 
3 wells of a 6-well plate. 24 h post-transfection, the cells were treated with 100 μg/ml CHX 1102 
for 0, 3, and 6 h, respectively. DMSO was used as control treatment. (B) CHX assays 1103 
were conducted to investigate the effects of FBXW1A, FBXW9, and FBXW11 on 1104 
endogenous IL-17RA protein levels in THP-1 (left panel) and Ishikawa (right panel) cell 1105 
lines. For THP-1 cells, 1.0 x 10^6 cells were seeded into 6-cm dishes 24 h before 1106 
transfection, and 4 μg Myc-FBXW1A, 1.5 μg Flag-HA-FBXW9, or 5 μg Flag-HA-FBXW11 1107 
were transiently transfected using jetPRIME transfection reagent. Empty vector was used 1108 
as a transfection control and to compensate for the total amount of plasmids in each 1109 
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transfection. 24 h post-transfection, the cells were treated with 100 μg/ml CHX for 0, 6, 1110 
12, and 18 h, respectively, with DMSO used as control treatment. For Ishikawa cells, 3.5 1111 
x 10^6 cells were seeded into 10-cm dishes 24 h before transfection, and 9 μg Myc-1112 
FBXW1A, 3 μg Flag-HA-FBXW9, or 10 μg Flag-HA-FBXW11 plasmids were transiently 1113 
transfected using jetPRIME transfection reagent. Empty vector was used as a transfection 1114 
control and to compensate for the total amount of plasmids in each transfection. 12 h 1115 
post-transfection, the cells in each 10-cm dish were evenly split into four 6-cm dishes. 36 1116 
h post-transfection, the cells were treated with 100 μg/ml CHX for 0, 2, 4, and 8 h, 1117 
respectively, with DMSO used as control treatment. The experiments were independently 1118 
repeated 3 times. (C) CHX assays were conducted to investigate the effects of FBXW11 1119 
knock-out combined with/without FBXW1A knock-down on A549 (left panel) and Ishikawa 1120 
(right panel) cell lines. For both cell lines, 2.0 x 10^6 FBXW11 WT or 2.5 x 10^6 FBXW11 1121 
KO cells were seeded into 10-cm dishes 24 h before transfection, and 20 nM FBXW1A 1122 
siRNAs were transiently transfected using jetPRIME transfection reagent. Negative 1123 
control siRNAs were used as control. 24 h post-transfection, the cells in each 10-cm dish 1124 
were split evenly into four 6-cm dishes. 48 h post-transfection, cells were treated with 50 1125 
μg/ml CHX for 0, 2, 4, and 8 h, respectively, with DMSO used as control treatment. The 1126 
experiments were independently repeated 3 times.  1127 
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 1128 

Figure 5. FBXW11 and IL-17RA are inversely correlated. 1129 
(A) Total RNA was isolated from 12 cell lines, including HEK293T, HaCaT, A-431, 1130 
Ishikawa, HeLa, A549, THP-1, HCT116, DLD1, 22RV1, PC-3, and LNCaP. Real-time 1131 
qPCR analysis was conducted to measure FBXW11 mRNA levels. HEK293T cell line was 1132 
used as calibration control and Student’s t test was used to determine statistical 1133 
significance when compared to HEK293T. ** P< 0.01, *** P< 0.001, and **** P< 0.0001. 1134 
Data were collected from 3 independent biological replicates. (B) Western blot analysis 1135 
was used to determine IL-17RA protein levels across 12 cell lines, including HEK293T, 1136 
HaCaT, A-431, Ishikawa, HeLa, A549, THP-1, HCT116, DLD1, 22RV1, PC-3, and LNCaP. 1137 
“Long” indicates long exposure and “Short” indicates short exposure. Signal intensities of 1138 
IL-17RA and Glyceraldehyde-3-Phosphate Dehydrogenase (GAPDH) in each cell line 1139 
were determined using Image Studio (Lite Ver 5.2, Li-Cor) software. The ratio of IL-1140 
17RA/GAPDH was then calculated to compare relative protein levels. HEK293T cell line 1141 
was used as calibration control. Data were collected from 3 independent replicates. (C) 1142 
The quantification results shown in (A) and (B) were plotted to illustrate the trajectory of 1143 
relative FBXW11 mRNA levels and IL-17RA protein levels across the 12 human cell lines. 1144 
Error bar represents mean ± standard deviation (S.D.). (D) Pearson’s correlation analysis 1145 
was conducted using the data of relative FBXW11 mRNA levels and relative IL-17RA 1146 
protein levels. (E) Proteomic data obtained from CPTAC database demonstrated IL-17RA 1147 
and FBXW11 protein levels among glioblastoma multiform (brain tumors), uterus corpus 1148 
endometrial cancer (UCEC, uterine tumors) and corresponding normal control tissues. Z-1149 
value indicates standard deviations from the median across samples for the given cancer 1150 
type. The Student’s t test was used to determine statistical significance between normal 1151 
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control tissues and tumors. *** P < 0.001 and **** P <0.0001. (F) Pearson’s correlation 1152 
analysis was conducted using the proteomic data on FBXW11 and IL-17RA protein levels 1153 
of glioblastoma multiform and normal control tissues. (G) Pearson’s correlation analysis 1154 
was conducted using the proteomic data on FBXW11 and IL-17RA protein levels of UCEC 1155 
and normal control tissues. Control tissues of glioblastoma were from the frontal cortex. 1156 
Control tissues of uterine tumors were from endometrium (with or without enrichment) 1157 
and myometrium.  1158 
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 1159 

Figure 5-figure supplement 1. Phosphosite abundance of IL-17RA in UCEC and 1160 
Normal tissue.  1161 
(A) Phosphosite abundance data obtained from the LinkedOmicsKB platform showed that 1162 
phosphorylation of S629 in UCEC was significantly lower than normal control. (B) 1163 
Phosphosite abundance data obtained from the LinkedOmicsKB platform showed that 1164 
phosphorylation of S708 in UCEC was significantly lower than normal control. (C) 1165 
Phosphosite abundance data obtained from the LinkedOmicsKB platform showed that 1166 
phosphorylation of S801 in UCEC was slightly lower than normal control without statistical 1167 
significance. 1168 
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1169 
Figure 6. 665-804 domain of IL-17RA is required for ubiquitylation and protein 1170 
stability of IL-17RA. 1171 
(A) Schematic diagram of full-length IL-17RA (Flag-IL-17RA FL) and truncated mutants 1172 
(Flag-IL-17RA ∆729-773 and Flag-IL-17RA ∆665-804) used in this study. (B) Binding of 1173 
full-length IL-17RA and truncated mutants with FBXW1A and FBXW11. HEK293T cells 1174 
were seeded into 10-cm dishes at a density of 2.0 x 10^6. 20 h post-seeding, 1.5 μg Flag-1175 
IL-17RA FL, 1.5 μg Flag-IL-17RA ∆729-773, 1 μg Flag-IL-17RA ∆665-804, 1.5 μg Myc-1176 
FBXW1A, and 1.5 μg Flag-HA-Fbxw11 were transiently transfected using jetPRIME 1177 
transfection reagent as indicated. Empty vector was used to compensate for the total 1178 
amount of plasmids in transfection. 48 h post transfection, the whole cell lysates were 1179 
extracted for subsequent co-IP and Western blot analyses. (C) Ubiquitylation of Flag-IL-1180 
17RA ∆665-804 by FBXW11 was less than Flag-IL-17RA FL. HEK293T cells were seeded 1181 
into 10-cm dishes at a density of 4.5 x 10^6. 24 h post-seeding, 1 µg Flag-IL-17RA full-1182 
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length, 0.75 µg Flag-IL-17RA ∆665-804, 3.5 µg Flag-HA-FBXW11, 2.5 µg His-ubiquitin 1183 
WT plasmids were transfected using jetPRIME transfection reagent as indicated. 40 h 1184 
post-transfection, the cells were treated with 20 µM MG132 for 8 h. Precipitates pulled-1185 
down by Ni-NTA resins and corresponding whole cell lysate (WCL) were subject to 1186 
Western blot analysis. (D) Western Blot analysis of protein stability of Flag-IL-17RA FL 1187 
and Flag-IL-17RA ∆665-804. 1.5 µg Flag-IL-17RA FL or 1.5 µg Flag-IL-17RA ∆665-804 1188 
plasmids were transiently transfected into 1.5 x 10^6 HEK293T cells in a 6-cm dish. 24 h 1189 
post-transfection, the cells were treated with 10 μM MG132 for 24 h and 50 μg/ml CHX 1190 
for indicated time. DMSO was applied as control treatment. Experiments were repeated 1191 
4 times independently. (E) Quantification of ratio of exogenous Flag-IL-17RA FL/GAPDH 1192 
after treatment with MG132 and CHX. The t1/2 means half-life of IL-17RA FL. Statistical 1193 
significance was conducted using a two-way ANOVA with Šídák's multiple comparison 1194 
test. Error bar represents mean ± standard deviation (S.D.). * P < 0.05. (F) Quantification 1195 
of ratio of exogenous Flag-IL-17RA ∆665-804 to GAPDH after treatment with MG132 and 1196 
CHX. The t1/2 means half-life of IL-17RA ∆665-804. Statistical significance was computed 1197 
using a two-way ANOVA with Šídák's multiple comparison test. Error bar represents mean 1198 
± standard deviation (S.D.). The “ns” means no statistical significance. Experiments were 1199 
repeated 3 times independently. 1200 
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Figure 7. Knock-out of FBXW11 suppresses expression of IL-17-downstream genes 1203 
through inhibiting nuclear entry of NF-κB p65. 1204 
(A-C) Western blot analysis of IL-17RA, phosphorylated AKT (p-AKT), AKT, 1205 
phosphorylated p38 MAPK (p-p38 MAPK), p38 MAPK, phosphorylated JNK (p-JNK), JNK, 1206 
phosphorylated ERK1/2 (p-ERK1/2), phosphorylated IκBα (p-IκBα) and IκBα. 2 x 10^6 1207 
A549 FBXW11 WT cells and 2.5 x 10^6 A549 FBXW11 KO cells were treated with 20 1208 
ng/ml rhIL-17A for 10 min and 30 min, while the control cells were treated with 0.1% BSA. 1209 
(D) Western blot analysis of NF-κB p65 in cytoplasmic and nuclear extracts. 2 x 10^6 1210 
A549 FBXW11 WT cells and 2.5 x 10^6 A549 FBXW11 KO cells were treated with 20 1211 
ng/ml rhIL-17A for 30 min, while the control cells were treated with 0.1% BSA. 1212 
Experiments were repeated 6 times independently. (E-I) Induction of IL-17-downstream 1213 
gene expression. A549 FBXW11 WT and FBXW11 KO cells were treated with 20 ng/ml 1214 
recombinant human IL-17 (rhIL-17) cytokines, including rhIL-17A, rhIL-17B, rhIL-17C, 1215 
rhIL-17E, and rhIL-17F, for 2 h. Expression of CXCL1 (E), CXCL2 (F), CXCL8 (G), CCL20 1216 
(H), and IL-6 (I) was evaluated using real-time qPCR analysis, normalized to internal 1217 
GAPDH control. The cells treated with 0.1% bovine serum albumin (BSA) were used as 1218 
calibration control. Fold change of each target gene over control is shown. Error bar 1219 
represents mean ± standard deviation (S.D.). The student’s t test was used to calculate 1220 
statistical significance of fold change. * P < 0.05, ** P < 0.01, *** P < 0.001, and **** P < 1221 
0.0001. Experiments were repeated 3 times independently.  1222 
  1223 

.CC-BY-NC-ND 4.0 International licenseavailable 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 made 

The copyright holder for this preprintthis version posted June 22, 2023. ; https://doi.org/10.1101/2023.06.21.545972doi: bioRxiv preprint 

https://doi.org/10.1101/2023.06.21.545972
http://creativecommons.org/licenses/by-nc-nd/4.0/


 1224 

Figure 7-figure supplement 1. Knock-out of FBXW11 suppresses expression of IL-1225 
17-downstream genes. 1226 
(A-C) Western blot analysis of IL-17RA, phosphorylated AKT (p-AKT), AKT, 1227 
phosphorylated p38 MAPK (p-p38 MAPK), p38 MAPK, phosphorylated JNK (p-JNK), JNK, 1228 
phosphorylated ERK1/2 (p-ERK1/2), phosphorylated IκBα (p-IκBα) and IκBα. 2 x 10^6 1229 
Ishikawa FBXW11 WT cells and 2.5 x 10^6 Ishikawa FBXW11 KO cells were treated with 1230 
20 ng/ml rhIL-17A for 10 min and 30 min, while the control cells were treated with 0.1% 1231 
BSA. Experiments were repeated at least 5 times independently. (D-H) Induction of IL-1232 
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17-downstream gene expression. Ishikawa FBXW11 WT and FBXW11 KO cells were 1233 
treated with 20 ng/ml recombinant human IL-17 (rhIL-17) cytokines, including rhIL-17A, 1234 
rhIL-17B, rhIL-17C, rhIL-17E, and rhIL-17F, for 2 h. Expression of CXCL1 (D), CXCL2 (E), 1235 
CXCL8 (F), CCL20 (G), and IL-6 (H) was evaluated using real-time qPCR analysis, 1236 
normalized to internal GAPDH control. The cells treated with 0.1% bovine serum albumin 1237 
(BSA) were used as calibration control. Fold change of each target gene over control is 1238 
shown. Error bar represents mean ± standard deviation (S.D.). The student’s t test was 1239 
used to calculate statistical significance of fold change. * P < 0.05, ** P < 0.01, *** P < 1240 
0.001, and **** P < 0.0001. Experiments were repeated 3 times independently.   1241 

.CC-BY-NC-ND 4.0 International licenseavailable 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 made 

The copyright holder for this preprintthis version posted June 22, 2023. ; https://doi.org/10.1101/2023.06.21.545972doi: bioRxiv preprint 

https://doi.org/10.1101/2023.06.21.545972
http://creativecommons.org/licenses/by-nc-nd/4.0/


 1242 

Figure 8. SCFFBXW11 complex regulates IL-17 signaling at multiple levels, including 1243 
IL-17RA, Act1, and IκBα.  1244 
IL-17A, interleukin-17A; IL-17RA, interleukin-17 receptor A; IL-17RC, interleukin-17 1245 
receptor C; Act1, NF-κB-activated protein 1; TRAF6, tumor-necrosis factor receptor-1246 
associated factor 6; Ub, ubiquitin; IκBα, NF-κB inhibitor α; p50 and p65, NF-κB subunits; 1247 
p38 MAPK,p38  mitogen-activated protein kinase; ERK1/2, extracellular signal-regulated 1248 
kinase 1/2; IL-6, interleukin-6; CXCL1, C-X-C motif ligand 1; CXCL2, C-X-C motif ligand 1249 
2; CXCL8, C-X-C motif ligand 8; CCL20, C-C motif ligand 20; GSK3, Glycogen Synthase 1250 
Kinase; E2, ubiquitin conjugation enzyme E2; RBX1, Ring-Box 1; NEDD8, Neural 1251 
Precursor Cell Expressed, Developmentally Down-Regulated 8; Skp1, S-Phase Kinase 1252 
Associated Protein 1; FBXW11, F-Box and WD Repeat Domain Containing 11. Illustration 1253 
was made using BioRendor. 1254 
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Table 1256 
Table 1: Primers used in Real-time qPCR. 1257 

Gene name Primers (synthesized by Eurofins Genomics) 
hCXCL1 Forward: 5′-AACCGAAGTCATAGCCACAC-3′ 

Reverse: 5-GTTGGATTTGTCACTGTTCAGC-3′ 
hCXCL2 Forward: 5′-CTGCGCTGCCAGTGCTT-3′ 

Reverse: 5′-CCTTCACACTTTGGATGTTCTTGA-3′ 
hCXCL8 Forward: 5′-GTGCAGTTTTGCCAAGGAGT-3′ 

Reverse: 5′-CTCTGCACCCAGTTTTCCTT-3′ 
hCCL20 Forward: 5′-TGCTGTACCAAGAGTTTGCTC-3′ 

Reverse: 5′-CGCACACAGACAACTTTTTCTTT-3′ 
hIL-6 Forward: 5′-GGTACATCCTCGACGGCATCT-3′ 

Reverse: 5′-GTGCCTCTTTGCTGCTTTCAC-3′ 
hFBXW11 Forward: 5′-GTGGGATGTGAACACGGGTGA-3′ 

Reverse: 5′-CGTAAAGTGATGTCGGTCGCAG-3′ 
hGAPDH Forward: 5′-CCATGGGGAAGGTGAAGGTC-3′ 

Reverse: 5′-AGTGATGGCATGGACTGTGG-3′ 

 1258 
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