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1st Editorial Decision 10th Jan 2020

Dear Dr. Draber,

Thank you for submitting your manuscript to The EMBO Journal. Your study has now been seen by
two referees and their comments are provided below.

As you can see from the comments both referees find the analysis interesting. However, they also
indicate that further experiments are needed to support the key conclusions. There are several
concerns raised regarding the AP-MS approach as well that should be addressed. Should you be
able to address the concerns raised in full then Iwould like to invite you to submit a revised version. |
should add that it is EMBO Journal policy to allow only a single major round of revision and that it is
therefore important to resolve the concerns raised at this stage.

When preparing your letter of response to the referees' comments, please bear in mind that this will
form part of the Review Process File, and will therefore be available online to the community. For
more details on our Transparent Editorial Process, please visit our website:
https/iwww.embopress.org/page/journal/14602075/authorguide#transparentprocess

We generally allow three months as standard revision time. As a matter of policy, competing
manuscripts published during this period will not negatively impact on our assessment of the
conceptual advance presented by your study. However, we request that you contact the editor as
soon as possible upon publication of any related work, to discuss how to proceed. Should you
foresee a problem in meeting this three-month deadline, please let us know in advance and we may
be able to grant an extension.

Thank you for the opportunity to consider your work for publication. I look forward to your revision.
with best wishes

Karin

Karin Dumstrei, PhD

Senior Editor
The EMBO Journal

Instructions for preparing your revised manuscript:

Please make sure you upload a letter of response to the referees' comments together with the
revised manuscript.

Please also check that the title and abstract of the manuscript are brief, yet explicit, even to non-
specialists.

When assembling figures, please refer to our figure preparation guideline in order to ensure proper
formatting and readability in print as well as on screen:
http//bit ly/EMBO PressFigurePreparationGuideline



IMPORTANT : When you send the revision we will require

- a point-by-point response to the referees' comments, with a detailed description of the changes
made (as a word file).

- a word file of the manuscript text.

- individual production quality figure files (one file per figure)

- a complete author checklist, which you can download from our author guidelines
(https/iwww.embopress.org/page/journal/14602075/authorguide).

- Expanded View files (replacing Supplementary Information)

Please see out instructions to authors
https//www.embopress.org/page/journal/14602075/authorguide#expandedview

Please remember: Digital image enhancement is acceptable practice, as long as it accurately
represents the original data and conforms to community standards. If a figure has been subjected
to significant electronic manipulation, this must be noted in the figure legend or in the '‘Materials and
Methods' section. The editors reserve the right to request original versions of figures and the
original images that were used to assemble the figure.

Further information is available in our Guide For Authors:
https//www.embopress.org/page/journal/14602075/authorguide

The revision must be submitted online within 90 days; please click on the link below to submit the
revision online before 9th Apr 2020.

Link Not Available

Please do not share this URL as it will give anyone who clicks it access to your account.

Referee #1:

upon binding of IL-17A to its receptors via mass spectrometry. Their data establish that IL-17
shows a preference for activation and recruitment of TBK1 and IKKe kinases to its receptor
complex over other signaling events. Preventing TBK1/IKKe activity increased NF-kB and MAPK
signaling induced by IL-17 but exerted only limited effects on TNF-a-induced signaling.
Mechanistically, NEMO and TRFAG6 enable activation and recruitment of both TBK1 and IKKe to the
IL-17R complex. These kinases phosphorylated the adaptor ACT 1 at multiple sites in the
disordered mid-part of the protein to limit the amount of recruited TRAF6. Therefore TBK1 and IKKe
serve an essential function in IL-17 pathway, acting via TRAF6 and NEMO.

The overall findings of this study are interesting and logically presented and represent an advance
over existing data. Although part of the proposed model for the TBK1/IKKe-mediated negative-
feedback loop in the IL-17 pathway was previously shown by Qu et al., 2012, this study brings more
clarity to this mechanism. Their proposed function of NEMO in IL-17 signaling, beyond simply
regulating IKKa/3, is intriguing. However, this manuscript needs more experiments and controls to
support their claims, particularly related to how NEMO mediates TBK1/IKKe recruitment and
activation. They also need to reconcile their findings with previously-published reports on this
pathway.



1. The authors claim that NEMO regulates TBK1/IKKe independently of IKKa/B activation. However,
to more convincingly support this finding, the phosphorylation of TBK1 and IKKe should be
assessed upon IKKa/IKKf inhibition. If IKKa/(3 are not involved, how does phosphorylation of TBK1
and IKKe occur in the IL-17 pathway?

2. The paper suggests that NEMO recruits TBK1 and IKKe indirectly through the TANK and NAP1
adaptors. If so, then re-expression of WT NEMO, but not of a deletion mutant unable to bind TANK
(Chariot A et al. 2002) or NAP1, should restore phosphorylation and recruitment of TBK1 and IKKe
to the receptor complex. This should be straightforward to do.

3.In order to investigate the role of TBK1/IKKe kinases in shaping IL-17 responses, the authors
employed MRT 67307, a pharmacological inhibitor of both TBK1 and IKKe. This inhibitor can also
affect autophagy (through inhibition of ULK1). Authors need to use a more specific approach to
investigate the role of TBK1/IKKe kinases in the expression of IL-17 target transcript (for example,
SIRNA).

4. Authors need to perform a kinetic anlaysis of IL-17 target gene transcription after TBK1/ IKK
inhibition since inhibition of TBK1/IKKI activity leads to an increase in signaling inhibitors, IkBa and
A20, mRNA at 2 hours following IL-17 stimulation (Figure 2B). Both molecules are known to dampen
NF-kB-mediated signaling. Could this explain why in other studies, where IL-17 target genes were
assessed at later time point (4 and 8 hours), TBK1/ IKKb were shown to positively regulate IL-17
signaling ?

5. The concentration of IL-17A is 5 - 10 fold higher than typically used in the literature, which needs
to be explained. Moreover, the authors should perform a dose response testing high and
physiological concentrations.

6. The ACT1 western blot in Figure 4D is confusing. TRAF6 E3 ligase activity was shown to be
required for IL-17-induced ACT 1 phosphorylation (Qu et al., 2012) which does not seem the case in
this figure. ACT 1 phosphorylation seems to be higher in TRAF6 KO cells alone (empty vector) or
reconstituted with mutant TRAF6 in comparison to TRAF6 KO cells reconstituted with WT TRAF6.
This needs to be explained.

7.How do the authors explain the enrichment of ACT1 when comparing the composition of IL-
17RSC in NEMO KO cells vs WT cells (Figure 5A) ?

8. Total protein levels of TBK1 and IKKI are missing from the majority of western blot figures. This is
essential to include as changes in their protein expression could affect their phosphorylation.

9. Although authors provided a reasonable explanation for the controversial role of TBK1/IKKe when
comparing their results with Tanaka et al. 2019, it is not clear to the reader what could explain the
discrepancy between the presented results and the studies of Bulek et al. 2011 and Herjan et .al
2018. This should be addressed more fully in the Discussion.

10. The absence of TRAF5 enrichment in IL-17 receptor complex upon IL-17 stimulation is
unexpected and should be highlighted in the Discussion, since TRAF5 was shown to be implicated
in IL-17-mediated posttranscriptional mechanisms (Sun et al. 2011).



11.Is the described mechanism functionally relevant in vivo? It was previously shown by Bulek et al.,
2011 that IKKI is required for IL-17-mediated neutrophilia and pulmonary inflammation in vivo and
since TBK1 KO mice are lethal, authors could rely on MRT administration. For example, mice could
be subjected to IL-17-driven pulmonary inflammation by injecting rIL-17 in the presence or absence
of MRT. At minimum, this should be discussed.

Minor points

1. Authors should discuss why just one of the previously identified Act1 serine (Qu et al., 2012: Ser
147, Ser 209, Ser222 and Bulek et al., 2011: Ser 311) phosphorylated by TBKZ1/IKKi was found in this
present study (Ser 209).

2. Authors should discuss the study by Shi et al. 2011 showing that IL-17 stimulated degradation of
Actl via - TrCP, which was phosphorylation-dependent. Indeed, the present study shows a
decrease in b-TrCP enrichment in IL-17R complex upon TBK1/IKb deficiency. What is the part of this
mechanism in TBK1/IKKb mediating control of IL-17 signaling? Wouldn't this mechanism be
sufficient to explain the consequences of TBK1/IKK deficiency in the IL-17 signaling?

3. When comparing the composition of IL-17R complex in WT and TBK1/IKKe DKO cells, authors
observed a decrease in TRAF2 enrichment (Figure 3A). This point should be discussed since
TRAF2 is an important component of IL-17 mediated posttranscriptional mechanism. Furthermore,
this result is in line with studies demonstrating the role of TBK1/IKKb in controlling mRNA stability.

Referee #2:

Bone marrow-derived stroma cells of mouse origin (ST 2) were activated with homodimeric
recombinant IL-17 molecules comprising 6xHis, 2xStrep tag, and a 1xFlag tag at their N-terminus.
Upon lysis in dodecyl maltoside lysis buffer, IL-17RA-IL-17RC receptor complexes were enriched via
two steps of affinity purification and subjected to LC-MS analysis. Control samples corresponded to
ST2 cells in which recombinant tagged molecules were added post-lysis (see specific comments
below). As expected on the basis of previous studies (reveiewed in Li et al. 2019), IL-17RA, IL-17RC,
ACT1, TRAF6, TRAF2, A20, ABIN1, TAX1BP1, NEMO, IKKa, IKK(3, TBK1, IKKe and Cullinl were
identified. In addition, the adaptors TANK and NAP1 were found to be part the IL-17R pathway.
Intensity-based absolute quantification showed that TBK1 and IKKe were among the most
abundant components of the IL-17RA-IL-17RC complex. Consistent with that last finding, IL-17
treatment strongly induced the phosphorylation of TBK1 and IKKe at level comparable to those
achieved via TNF or IL-1. In contrast, NF-kB and MAPK were only weakly phosphorylated.
Interestingly, transcriptional analysis showed that pharmacological inhibition of TBK1 and IKKe
enhanced the IL-17-mediated upregulation of a wealth of target genes, suggesting these two
kinases inhibit IL-17 transcriptional responses. Using cells rendered deficient in (1) TBK1, (2) IKKe
and (3) in both TBK1 and IKKe, the activity of these two kinases was found required to strongly
inhibit IL-17-triggered signals. In contrast ablation of both TBK1 and IKKe had no enhancing effect
on TNF-induced signals. Comparative AP-MS analysis of the IL-17RA-IL-17RC complex in WT cells
and in cells deficient in both TBK1 and IKKe revealed a 2-fold enrichment of TRAF6 and of the
LUBAC complex which in turn enhanced binding of the adaptors TAB1/2/3 and of the associated
kinase TAK1 and NEMO. Therefore, these data suggest that TBK1 and IKKe are activated upon IL-
17 stimulation and mediate inhibition of IL-17 signaling by limiting the recruitment of TRAF6 and



LUBAC and effector kinases TAK1 and IKK. AP-MS analysis showed that the presence of both
ACT1 and TRAF6 was mandatory for the recruitment of TBK1 and IKKe. Moreover, NEMO was
found to recruit TBK1 and IKKe via the K63-linkage formed by TRAF6. Comparison of the
composition of the IL-17RA-IL-17RC complex in WT and NEMO KO cells via MS showed that NEMO
deficiency changed the composition of IL-17RSC. As expected, IKKa and IKK(3 were absent in
NEMO deficient cells. These cells also showed enhanced recruitment of TRAF6 and TAB/TAK1
complex. This suggests that NEMO-mediated recruitment of TBK1 and IKKe induce the release of
TRAF6 from the complex. ACT 1 associates with IL-17R via its C-terminal SEFIR domain and
interacts with TRAF6 via its first 15 N-terminal amino acids. Analysis of the structure-function
relationships existing at the level of ACT 1 and mutation of all the multiple phosphorylation sites in
the unstructured mid-part of ACT 1 substantially increased signaling responses to IL-17 and
strongly enhanced recruitment of TRAF6 to IL-17RSC. Accordingly, TBK1 and IKKe likely
phosphorylate the disordered mid-part of the ACT 1 protein to limit the amount of recruited TRAF6.
By documenting a novel negative regulatory loop, this comprehensive study that combines
quantitative AP-MS and Crispr-Cas9-induced mutations explains the low intensity signals that are
triggered by the IL-17R in comparison with other proinflammatory receptors. As outlined below,
several issues linked to the AP-MS methods used by the authors need to be addressed prior to
publication to fix key quantitative parameters.

Specific comments

1/ The approach used by the authors to capture the IL-17RA-IL-17RC complexes relies on the use
of tagged recombinant IL-17 molecules. Therefore, it differs from most of the published quantitative
AP-MS approaches used to decipher the signaling complexes of receptors and adaptors (see for
instance Hein et al. Cell 163 712). In those studies, one chain of the receptor is tagged and negative
controls correspond to untagged, WT cells in the very same state of activation. Such last approach
permits to use solid statistics tools permitting to define high-confidence interactors based for
instance on false discovery rate. The strategy used in the present paper is interesting in that it
permits to focus on liganded IL-17RA-IL-17RC complexes. However, it does not permit to perform
appropriate control pull down experiment using WT cells. As a consequence, the negative controls
experiments performed by the authors consist in lysing cells prior to adding tagged recombinant IL-
17 molecules. The authors should thus fairly discuss potential caveats of their approach. First, the
control cells are not in the same activation state since they were not stimulated for 15 min with IL-
17. Second, as shown on Figure 1B, when added post-lysis the tagged recombinant IL-17 molecules
only bind the IL17RA chain. Therefore, a blatant lack of symmetry exists between the control and
the test samples. This may greatly impact on the definition/quantitation of bona fide interactors in
that the present approach does not allow to properly determine the intensities of background
interactions.

2/ Counting the number of identified peptides is not an accurate way to quantify protein
interactions (proteins don't have the same size..). Accordingly, the authors should modify Figures
1B, and 4A/C and used on Normalized intensities or IBAQ values. Moreover, in Figures 4A 'WT 0
min' is misleading and replaced by SF-IL-17 post-lysis.

3/In the heat maps shown in Figure 3A and 5A, the unit of the scale needs to be indicated (linear or
logX).

4/ Using iIBAQ values, have the authors attempted to calculate the fraction of IL-17-engaged IL-
17RA-IL-17RC complexes after 15 minutes of activation?

5/ All comparative analyses using interaction stoichiometry have been normalized on the IL-17RC
molecule. Is there a rational to use IL-17RC instead of IL-17RA?

7/ Do the many cell lines that were generated via CRISPR/Cas9 originate from a single clone of were



polyclonal? In the case they originate from a single clone, have the authors tested several of them
to avoid potential inter-clonal variation?

8/ Supplementary Table 1. The intensity ratio columns appear to be IL17R/Ctrl rather than
Ctrl/IL17R.



1st Authors' Response to Reviewers 18th May 2020

Referee #1:

upon binding of IL-17A to its receptors via mass spectrometry. Their data establish that IL-17 shows a
preference for activation and recruitment of TBK1 and IKKe kinases to its receptor complex over other
signaling events. Preventing TBK1/IKKe activity increased NF-kB and MAPK signaling induced by IL-17 but
exerted only limited effects on TNF-a-induced signaling. Mechanistically, NEMO and TRAF6 enable
activation and recruitment of both TBK1 and IKKe to the IL-17R complex. These kinases phosphorylated
the adaptor ACT1 at multiple sites in the disordered mid-part of the protein to limit the amount of
recruited TRAF6. Therefore, TBK1 and IKKe serve an essential function in IL-17 pathway, acting via TRAF6
and NEMO.

The overall findings of this study are interesting and logically presented and represent an advance
over existing data. Although part of the proposed model for the TBK1/IKKe-mediated negative-feedback
loop in the IL-17 pathway was previously shown by Qu et al., 2012, this study brings more clarity to this
mechanism. Their proposed function of NEMO in IL-17 signaling, beyond simply regulating IKKa/8, is
intriguing. However, this manuscript needs more experiments and controls to support their claims,
particularly related to how NEMO mediates TBK1/IKKe recruitment and activation. They also need to
reconcile their findings with previously-published reports on this pathway.

We would like to thank for positive evaluation of our study and for valuable comments which
undoubtedly helped us to improve the manuscript. We performed additional experiments confirming
the critical role of NEMO in TBK1/IKKe recruitment to IL-17RSC (as described in our point-by-point
response below). Importantly, inspired by the reviewer’s suggestions, we focused on the recruitment of
TRAF6 and TRAF2 to the IL-17RC by TBK1/IKKe.

TRAF6 is required for the activation of MAPK and NF-kB signaling pathways. In this manuscript we
show that TRAF6 recruitment is strongly inhibited by TBK1/IKKe-mediated phosphorylation of ACT1 in
both human and murine cell lines. In accord, ablation and inhibition of TBK1/IKKe promotes recruitment
of TRAF6 and enhanced activation of MAPK and NF-kB pathways. In contrast, TRAF2 is not required for
proximal signaling. Instead, it promotes stabilization of mMRNA via regulation of mRNA binding proteins
such as ARID5A, HuR, splicing factor SF2, and endoribonuclease Regnase-1 (Amatya et al, 2018; Herjan
et al, 2018; Herjan et al, 2013; Somma et al, 2015; Sun et al, 2011). Ablation of TBK1/IKKe largely
inhibited TRAF2 recruitment to IL-17RSC (Fig 3A and newly modified 3B). Our new data (newly added Fig
3F) document that chemical inhibition of TBK1/IKKe activity even promotes TRAF2 recruitment. These
experiments established that TBK1/IKKe are enabling TRAF2 recruitment to IL-17RSC in a
kinase-independent manner.

Stimulation of TRAF2-deficient cells with IL-17 induces substantially lower level of target cytokines
mRNA as compared to wild type cells (Amatya et al., 2018). In accord, while inhibition of TBK1/IKKe
activity markedly enhanced the abundance of target mRNA induced upon IL-17, cells deficient in
TBK1/IKKe that cannot efficiently recruit TRAF2 to the IL-17RSC were unable to promote mRNA
stabilization (newly added Fig EV3F). These data demonstrated that TBK1/IKKe kinases have a dual role:
enzymatic activity of TBK1/IKKe leads to the inhibition of TRAF6 recruitment, while the kinase activity-
independent recruitment of TRAF2 leads to enhanced mRNA stability. In this regard, TBK1/IKKe kinases
are switching the IL-17 signaling from activation of signaling pathways to mRNA stabilization. These new
experiments are in good accord with published literature: TBK1/IKKe function as inhibitors of
downstream proximal signaling (Qu et al, 2012), while they potentiate mRNA stabilization (Bulek et al,
2011; Herjan et al., 2018; Tanaka et al, 2019).

We highly appreciate this reviewer's insight, as the revised version of the manuscript reconciles
previous seemingly contradictory data to resolve the role of TBK1/IKKe in IL-17 signaling complex.



1. The authors claim that NEMO regulates TBK1/IKKe independently of IKKa/8 activation. However,
to more convincingly support this finding, the phosphorylation of TBK1 and IKKe should be assessed upon
IKKa/IKK8 inhibition. If IKKa/B are not involved, how does phosphorylation of TBK1 and IKKe occur in the
IL-17 pathway?

TBK1 and IKKe are highly homologous kinases that are held in auto-inhibited state prior to
activation, which is triggered by phosphorylation of the Ser172 located in the kinase domain activation
loop. This event can be mediated by either TBK1/IKKe themselves or by related kinases IKKa/B (Larabi et
al, 2013; Ma et al, 2012). Inhibition of IKKa/B or upstream kinase TAK1 prior to IL-17 stimulation had no
effect on TBK1/IKKe activation. Only combined inhibition of IKKa/B and TBK1/IKKe prevented
phosphorylation of TBK1/IKKe on Ser172 (newly added Fig EV4H). These results confirm that IKKo/B
kinases might contribute, but are not required for TBK1/IKKe activation upon IL-17 stimulation.

2. The paper suggests that NEMO recruits TBK1 and IKKe indirectly through the TANK and NAP1
adaptors. If so, then re-expression of WT NEMO, but not of a deletion mutant unable to bind TANK
(Chariot A et al. 2002) or NAP1, should restore phosphorylation and recruitment of TBK1 and IKKe to the
receptor complex. This should be straightforward to do.

The TANK and NAP1 binding domain is localized within coiled-coil domain of human NEMO located
between amino acids (AA) 200-250, which correspond to AA 201-248 of murine NEMO (Chariot et al,
2002) (Lafont et al, 2018). We reconstituted NEMO-deficient cells with NEMO(WT), NEMO(A201-248) or
empty vector. While NEMO(WT) rescued TBK1/IKKe activation, NEMO(A201-248) or empty vector did
not (newly added Fig EV4G).

NEMO KO cells expressing NEMO(A201-248) or empty vector were impaired in their ability to recruit
TBK1/IKKe to IL-17RSC which was accompanied by the absence of ACT1 phosphorylation and enhanced
TRAF6 recruitment, leading to increased activation of JNK and p38 signaling pathways as opposed to
NEMO(WT) cells (newly added Fig EV5C an EV5D). These data are in accord with the major role of
TBK1/IKKe in inhibition of TRAF6 recruitment and document crucial role of NEMO in regulating the
assembly of IL-17RSC complex.

3. In order to investigate the role of TBK1/IKKe kinases in shaping IL-17 responses, the authors employed
MRT67307, a pharmacological inhibitor of both TBK1 and IKKe. This inhibitor can also affect autophagy
(through inhibition of ULK1). Authors need to use a more specific approach to investigate the role of
TBK1/IKKe kinases in the expression of IL-17 target transcript (for example, siRNA).

We would like to thank the reviewer for pointing us in this direction. We noted that while inhibition
of TBK1/IKKe activity led to massive increase of transcription of target genes, deletion of TBK1/IKKe did
not (newly added Fig EV3F). However, both inhibition and ablation of TBK1/IKKe activity led to marked
increase in activation of MAPK and NF-kB signaling pathways. These data show two roles of TBK1/IKKe
kinases. On one hand, they phosphorylate ACT1 leading to release of TRAF6, as demonstrated in this
manuscript. On the other hand, they have adaptor role that promotes stabilization of mRNA.

As correctly pointed by this reviewer, ablation of TBK1/IKKe led to decreased TRAF2 recruitment
(Fig 3A and newly modified 3B). TRAF2 was described to potentiate mRNA stability upon IL-17
stimulation and deficiency in TRAF2 leads to decreased IL-17 induced mRNA levels of several cytokines
(Amatya et al., 2018). In contrast, inhibition of TBK1/IKKe activity even increased recruitment of TRAF2
(newly added Fig 3F).

Altogether, our data show that TBK1/IKKe are major regulators of IL-17 signaling. They inhibit
TRAF6 recruitment to IL-17RSC and activation of MAPK and NF-kB by phosphorylating ACT1 and, at
the same time, enable TRAF2 recruitment and mRNA stabilization in an enzymatic activity-
independent manner. These results now neatly explain the discrepancy between present manuscript
and previous report demonstrating that TBK1/IKKe are inhibitors of MAPK and NF-kB pathways (Qu et



al., 2012), and manuscripts showing that these kinases are promoting stabilization of mRNA (Bulek et
al., 2011; Herjan et al., 2018; Tanaka et al., 2019). If it were not for this reviewer’s suggestion, we
would miss this important link connecting all published papers together.

4. Authors need to perform a kinetic analysis of IL-17 target gene transcription after TBK1/ IKK
inhibition since inhibition of TBK1/IKK ¢ activity leads to an increase in signaling inhibitors, IkBa and A20,
MRNA at 2 hours following IL-17 stimulation (Fig 2B). Both molecules are known to dampen NF-kB-
mediated signaling. Could this explain why in other studies, where IL-17 target genes were assessed at
later time point (4 and 8 hours), TBK1/ IKKb were shown to positively regulate IL-17 signaling?

RT-PCR analysis confirmed that mRNA of selected cytokines remained highly elevated upon
prolonged stimulation of cells for 4 and 8 hours with IL-17 in the presence of TBK1/IKKe inhibitor as
compared to IL-17 stimulation alone (newly added Fig EV2D).

The genes encoding signaling inhibitors IkBa and A20 are downstream targets of NF-kB and the
induction of these negative regulators is directly proportional to the strength of signaling. For example,
TNF is a very potent activator of signaling and cytokine production and at the same time it promotes
strong induction of these inhibitors (Draber et al, 2015).

5. The concentration of IL-17A is 5 - 10 fold higher than typically used in the literature, which needs
to be explained. Moreover, the authors should perform a dose response testing high and physiological
concentrations.

Our results showed that even a relatively high concentration of IL-17 cannot induce strong signaling
response measured as activation of MAPK and NF-kB pathways, due to the potent negative feedback
loop mediated by enzymatic activity of TBK1/IKKe. Our newly added data analyzing signaling response in
WT versus TBK1/IKKe DKO cells show that this negative feedback loop is taking place over a range of IL-
17 concentrations in both murine ST2 and human Hela cell lines (newly added Fig EV2F and EV2H).

6. The ACT1 western blot in Fig 4D is confusing. TRAF6 E3 ligase activity was shown to be required for IL-
17-induced ACT1 phosphorylation (Qu et al., 2012) which does not seem the case in this Fig. ACT1
phosphorylation seems to be higher in TRAF6 KO cells alone (empty vector) or reconstituted with mutant
TRAF6 in comparison to TRAF6 KO cells reconstituted with WT TRAF6. This needs to be explained.

We apologize for this confusing Figure. ACT1 is phosphorylated only in the presence of TRAF6(WT),
but not enzymatically inactive TRAF6(C70A). The immunoprecipitation of IL-17RSC was carried using
beads with anti-Flag antibody of mouse origin. ACT1 antibody is also of mouse origin. In the panel in
Fig 4D, we used anti-mouse secondary antibody conjugated to horseradish peroxidase (HRP), causing a
strong background signal, which might have confused the reviewer. We re-stained these membranes
using TRUEblot secondary antibody (Rockland Immunochemicals) that detects only intact secondary
antibody. The re-stained immunoblot is substantially clearer in showing that ACT1 phosphorylation in
IL-17RSC requires TRAF6 ligase activity (newly modified Fig 4D). These data confirm the major role of
TRAF6-mediated formation of nondegradative polyubiquitin linkages in recruiting NEMO and TBK1/IKKe
kinases that subsequently phosphorylate Act1.

7. How do the authors explain the enrichment of ACT1 when comparing the composition of IL-17RSC in
NEMO KO cells vs WT cells (Fig 5A)?

The enrichment of ACT1 was very minor (only 1.2 fold) as compared to TRAF6, which is enriched 8.4
times in NEMO KO as compared to WT cells. We mention the small change in ACT1 abundance in IL-
17RSC isolated from NEMO KO versus NEMO WT cells in the result section.



8. Total protein levels of TBK1 and IKKe are missing from the majority of western blot Figs. This is
essential to include as changes in their protein expression could affect their phosphorylation.

We re-stained the frozen membranes and samples from experiments in which the total TBK1 and
IKKe staining was missing and added these panels to the corresponding Figures.

9. Although authors provided a reasonable explanation for the controversial role of TBK1/IKKe when
comparing their results with Tanaka et al. 2019, it is not clear to the reader what could explain the
discrepancy between the presented results and the studies of Bulek et al. 2011 and Herjan et.al 2018.
This should be addressed more fully in the Discussion.

As discussed above, the newly added experiments show that TBK1/IKKe have a dual role in IL-17RSC
assembly. On one hand, they phosphorylate ACT1 leading to the release TRAF6, while on the other they
promote the recruitment of TRAF2 in enzymatic activity-independent manner (Fig 3). TRAF6 is a major
activator of proximal signaling pathways and ablation or inhibition of TBK1/IKKe promotes IL-17 induced
activation of MAPK and NF-kB signaling pathways. In contrast, knockout of TBK1/IKKe, but not inhibition
of their activity, prevent TRAF2 recruitment, which is required for stabilization of mRNA of IL-17-induced
proinflammatory cytokine (Amatya et al., 2018; Herjan et al., 2018; Herjan et al., 2013; Somma et al.,
2015; Sun et al., 2011).

10. The absence of TRAF5 enrichment in IL-17 receptor complex upon IL-17 stimulation is unexpected and
should be highlighted in the Discussion, since TRAF5 was shown to be implicated in IL-17-mediated
posttranscriptional mechanisms (Sun et al. 2011).

In contrast to TRAF2 and TRAF6, we did not detect TRAF5 recruitment to IL-17RSC in any of our MS
experiments. We cannot exclude that TRAF5 recruitment might be very weak and/or transient and
below the detection limits of our method. We mentioned this issue in the discussion.

11. Is the described mechanism functionally relevant in vivo? It was previously shown by Bulek et al.,
2011 that IKK e is required for IL-17-mediated neutrophilia and pulmonary inflammation in vivo and since
TBK1 KO mice are lethal, authors could rely on MRT administration. For example, mice could be
subjected to IL-17-driven pulmonary inflammation by injecting riL-17 in the presence or absence of MRT.
At minimum, this should be discussed.

We now mention in the discussion that our data are not validated by in vivo models yet. However,
our results analyzing IL-17 signaling in both human and murine cell lines are clearly showing robust
negative feedback loop mediated by the kinase activity of TBK1/IKKe. Therefore, our study argues
against targeting TBK1/IKKe kinase activity to alleviate IL-17-mediated autoimmune diseases, as
inhibition of these kinases unleashes the full potential of IL-17 in promoting transcription of
inflammatory cytokines and their stabilization.

Minor points

1. Authors should discuss why just one of the previously identified ACT1 serine (Qu et al., 2012: Ser
147, Ser 209, Ser222 and Bulek et al., 2011: Ser 311) phosphorylated by TBK1/IKKi was found in this
present study (Ser 209).

The likely explanation is in the different approaches used for analysis of ACT1 phosphorylation. Our
study purified the signaling complex recruited to IL-17RSC. Bullek et al.,, 2011 directly
immunoprecipitated ACT1 from IL-17 stimulated cells and subjected it to mass-spec analysis, while Qu et
al., 2012 expressed recombinant fragments of ACT1 incubated with TBK1 or IKKe and identified whether
TBK1/IKKe can phosphorylated these fragments via biochemical methods.



Interestingly, all the ACT1 phosphorylation sites identified to date are localized in the disordered
region of ACT1 molecule between AA20-380, separating TRAF6 binding site and the SEFIR domains. In
our model, the exact position of individual phosphorylation sites is not decisive for the signaling
outcome. As ACT1 is phosphorylated on a number of residues, the combined effect of ACT1
phosphorylation leads to the repulsion between individual ACT1 molecules present within the complex.
This prevents TRAF6 binding sites from coalescing and providing high avidity TRAF6 docking site (Fig 7 in
the current manuscript).

To further test this hypothesis, we reconstituted ACT1 knockout cells with ACT1(WT) or
ACT1(A20-380) mutant lacking the disordered region. The activation of MAPK and NF-«kB signaling
pathways upon IL-17 stimulation was markedly enhanced in cells expressing ACT1(A20-380) as
compared to ACT1(WT) (newly aded Fig 6F). These data further support the hypothesis that this region
of ACT1 is enabling control of its association with TRAF6 and combined phosphorylation of distinct
Ser/Thr residues within this region would likely have similar inhibitory effect.

2. Authors should discuss the study by Shi et al. 2011 showing that IL-17 stimulated degradation of
ACT1 via B-TrCP, which was phosphorylation-dependent. Indeed, the present study shows a decrease in
[B-TrCP enrichment in IL-17R complex upon TBK1/IKb deficiency. What is the part of this mechanism in
TBK1/IKKb mediating control of IL-17 signaling? Wouldn't this mechanism be sufficient to explain the
consequences of TBK1/IKK deficiency in the IL-17 signaling?

We prepared cells deficient in Cullinl. In contrast to NEMO or TBK1/IKKe KO, these cells did not
exhibit enhanced phosphorylation of JINK and p38 upon IL-17 stimulation, even though Cullinl-mediated
degradation of IkB was inhibited (newly added Fig EV6C-D). Although B-TrCP1/2 and Cullinl are likely
required for regulation of ACT1 level upon prolonged stimulation (Shi et al, 2011), our experimental
evidence does not support the major role of Culin-1 in regulation of proximal IL-17 signaling.

3. When comparing the composition of IL-17R complex in WT and TBK1/IKKe DKO cells, authors observed
a decrease in TRAF2 enrichment (Fig 3A). This point should be discussed since TRAF2 is an important
component of IL-17 mediated posttranscriptional mechanism. Furthermore, this result is in line with
studies demonstrating the role of TBK1/IKKb in controlling mRNA stability.

As discussed above, we highly appreciate reviewer’s suggestion to focus on the TRAF2 recruitment.
The role of TBK1/IKKe in recruiting TRAF2 independently on their enzymatic activity is striking and
explains the discrepancy between our study and the study that focused on mRNA stabilization mediated
by these kinases (Bulek et al., 2011; Herjan et al., 2018).



Referee #2:

Bone marrow-derived stroma cells of mouse origin (ST2) were activated with homodimeric recombinant
IL-17 molecules comprising 6xHis, 2xStrep tag, and a 1xFlag tag at their N-terminus. Upon lysis in
dodecyl maltoside lysis buffer, IL-17RA-IL-17RC receptor complexes were enriched via two steps of
affinity purification and subjected to LC-MS analysis. Control samples corresponded to ST2 cells in which
recombinant tagged molecules were added post-lysis (see specific comments below). As expected on the
basis of previous studies (reveiewed in Li et al. 2019), IL-17RA, IL-17RC, ACT1, TRAF6, TRAF2, A20, ABIN1,
TAX1BP1, NEMO, IKKa, IKKB, TBK1, IKKe and Cullin1 were identified. In addition, the adaptors TANK and
NAP1 were found to be part the IL-17R pathway. Intensity-based absolute quantification showed that
TBK1 and IKKe were among the most abundant components of the IL-17RA-IL-17RC complex. Consistent
with that last finding, IL-17 treatment strongly induced the phosphorylation of TBK1 and IKKe at level
comparable to those achieved via TNF or IL-1. In contrast, NF-kB and MAPK were only weakly
phosphorylated. Interestingly, transcriptional analysis showed that pharmacological inhibition of TBK1
and IKKe enhanced the IL-17-mediated upregulation of a wealth of target genes, suggesting these two
kinases inhibit IL-17 transcriptional responses. Using cells rendered deficient in (1) TBK1, (2) IKKe and (3)
in both TBK1 and IKKe, the activity of these two kinases was found required to strongly inhibit IL-17-
triggered signals. In contrast ablation of both TBK1 and IKKe had no enhancing effect on TNF-induced
signals. Comparative AP-MS analysis of the IL-17RA-IL-17RC complex in WT cells and in cells deficient in
both TBK1 and IKKe revealed a 2-fold enrichment of TRAF6 and of the LUBAC complex which in turn
enhanced binding of the adaptors TAB1/2/3 and of the associated kinase TAK1 and NEMO. Therefore,
these data suggest that TBK1 and IKKe are activated upon IL-17 stimulation and mediate inhibition of IL-
17 signaling by limiting the recruitment of TRAF6 and LUBAC and effector kinases TAK1 and IKK. AP-MS
analysis showed that the presence of both ACT1 and TRAF6 was mandatory for the recruitment of TBK1
and IKKe. Moreover, NEMO was found to recruit TBK1 and IKKe via the K63-linkage formed by TRAFG6.
Comparison of the composition of the IL-17RA-IL-17RC complex in WT and NEMO KO cells via MS showed
that NEMO deficiency changed the composition of IL-17RSC. As expected, IKKa and IKK8 were absent in
NEMO deficient cells. These cells also showed enhanced recruitment of TRAF6 and TAB/TAK1 complex.
This suggests that NEMO-mediated recruitment of TBK1 and IKKe induce the release of TRAF6 from the
complex. ACT1 associates with IL-17R via its C-terminal SEFIR domain and interacts with TRAF6 via its
first 15 N-terminal amino acids. Analysis of the structure-function relationships existing at the level of
ACT1 and mutation of all the multiple phosphorylation sites in the unstructured mid-part of ACT1
substantially increased signaling responses to IL-17 and strongly enhanced recruitment of TRAF6 to IL-
17RSC. Accordingly, TBK1 and IKKe likely phosphorylate the disordered mid-part of the ACT1 protein to
limit the amount of recruited TRAF6. By documenting a novel negative regulatory loop, this
comprehensive study that combines quantitative AP-MS and Crispr-Cas9-induced mutations explains the
low intensity signals that are triggered by the IL-17R in comparison with other proinflammatory
receptors. As outlined below, several issues linked to the AP-MS methods used by the authors need to be
addressed prior to publication to fix key quantitative parameters.

We thank the reviewer for assessing the novelty of our study and we appreciate the valuable
recommendations how to further improve the manuscript.

Specific comments
1/ The approach used by the authors to capture the IL-17RA-IL-17RC complexes relies on the use of

tagged recombinant IL-17 molecules. Therefore, it differs from most of the published quantitative AP-MS
approaches used to decipher the signaling complexes of receptors and adaptors (see for instance Hein et



al. Cell 163 712). In those studies, one chain of the receptor is tagged and negative controls correspond
to untagged, WT cells in the very same state of activation. Such last approach permits to use solid
statistics tools permitting to define high-confidence interactors based for instance on false discovery
rate. The strategy used in the present paper is interesting in that it permits to focus on liganded IL-17RA-
IL-17RC complexes. However, it does not permit to perform appropriate control pull down experiment
using WT cells. As a consequence, the negative controls experiments performed by the authors consist in
lysing cells prior to adding tagged recombinant IL-17 molecules. The authors should thus fairly discuss
potential caveats of their approach. First, the control cells are not in the same activation state since they
were not stimulated for 15 min with IL-17. Second, as shown on Fig 1B, when added post-lysis the tagged
recombinant IL-17 molecules only bind the IL17RA chain. Therefore, a blatant lack of symmetry exists
between the control and the test samples. This may greatly impact on the definition/quantitation of
bona fide interactors in that the present approach does not allow to properly determine the intensities of
background interactions.

We agree with the reviewer that our approach is innovative and differs from most traditional
approaches employed to study signaling complexes. We are convinced that the present methodology for
IL-17RSC isolation and analysis has several key advantages over the traditional approaches:

(i) As noted by the reviewer, our methodology allows isolation of ligand-bound receptors that are
part of assembled signaling complex, but not receptors that are not occupied by the ligand. This enables
us to obtain clearer data. More importantly, it also allows us to study how the ligand is orchestrating the
assembly of the complex. Binding of murine L-17 ligand to its two receptors is sequential. IL-17 is first
strongly binding IL-17RA and only subsequently IL-17RC is recruited to the complex. IL-17 does not bind
IL-17RC receptor in the absence of IL-17RA (Kuestner et al, 2007). In accord, adding IL-17 post-lysis did
not lead to immunoprecipitation of IL-17RC or any other downstream signaling molecules, which
provide evidence that all these molecules are specifically recruited to the complex only upon activation.
Importantly, our post-lysis control shows that none of the identified components of the complex are just
nonspecifically binding the ligand, as we do not identify them in non-stimulated samples. Cells lacking a
core adaptor, ACT1, cannot recruit the downstream interacting molecules upon IL-17 stimulation
(Figure 4A), even though the IL-17RC is detected in these cells. Similarly, IL-17RSC isolated from TRAF6-
deficient cells contains IL-17RA, IL-17RC and ACT1, but no additional components of the complex. These
experiments provide evidence for the specificity of the identified interactors and also establish the
hierarchy of the IL-17RSC assembly.

(ii) The expression of tagged proteins is indeed a widely used approach, but it has a number of
limitations on its own, which we can overcome using our innovative approach. First, adding a tag to a
protein might modify its function, either by changing the conformation or by masking the interaction
site with other components. Second, re-expression of the tagged proteins might lead to overexpression
artefacts. Finally, isolation of tagged molecules might lead to the co-purification of the proteins that are
not part of the signaling complex, but interact with bait proteins in completely different cellular
compartment, such as in the endoplasmic reticulum or Golgi complex. Isolation of signaling complexes
via tagged ligand that binds strongly to its plasma membrane-localized receptor avoids all these issues,
as only signaling components actively recruited to the signaling complex are isolated.

(iii) The present system in which the cells are stimulated with tagged ligand can be easily used in a
variety of cell lines without the need to introduce tagged construct.

The reviewer is correct by claiming that the present approach does not control for the activation
state of the cell. Thus, we cannot formally exclude the possibility in this assay that the relatively weak IL-
17 signaling induces changes in post-translational modification of some protein(s) which will somehow
lead to their unspecific pull down. However, it is important to stress that the control used in this study,
i.e. addition of tagged ligand post-lysis, allows to control for unspecific binding of background
contaminants to the beads used for immunoprecipitation, protein tags or the unique epitopes at the



boundary between the protein and its tag and for interactions which occur only post-lysis. At the same
time, we ensure endogenous expression of all the signaling proteins.

Overall, our approach and the traditional methods have both their theoretical advantages and
drawbacks that should be carefully considered based on the particular scientific question. We believe
our experimental approach is very appropriate to study the early events mediating the assembly of
membrane-bound IL-17 RSC. Importantly, our conclusions based on mass-spec analysis of IL-17RSC were
subsequently confirmed in functional studies. We modified the manuscript in order to highlight the
advantages and potential caveats of the present system.

2/ Counting the number of identified peptides is not an accurate way to quantify protein interactions
(proteins don't have the same size...). Accordingly, the authors should modify Figs 1B, and 4A/C and used
on Normalized intensities or IBAQ values. Moreover, in Figs 4A 'WT 0 min' is misleading and replaced by
SF-IL-17 post-lysis.

In the revised manuscript the Figures 1B, 4A and 4C indicate the iBAQ values to provide quantitative
information about the abundance of the proteins in the sample and the number of unique peptides to
provide qualitative information about the detected proteins. We corrected the label in Fig 4A.

3/ In the heat maps shown in Fig 3A and 5A, the unit of the scale needs to be indicated (linear or logX).

We added the scale to the Fig. 3A and Fig. 5A. It is a row-normalized Z-score calculated from log,
iBAQ values. The complete data processing for the construction of the heat maps are described in the
Methods section.

4/ Using iBAQ values, have the authors attempted to calculate the fraction of IL-17-engaged IL-17RA-IL-
17RC complexes after 15 minutes of activation?

The exact calculation of the fraction of engaged receptors is not possible in our system, as we do not
know the quantity of membrane bound receptors (as opposed to the percentage of receptors localized
intracellularly) prior to stimulation.

5/ All comparative analyses using interaction stoichiometry have been normalized on the IL-17RC
molecule. Is there a rational to use IL-17RC instead of IL-17RA?

The rational for the normalization to IL-17RC is based on the biology of murine IL-17RSC assembly.
First, dimeric IL-17 binds to one molecule of IL-17RA. Only subsequently, one molecule of IL-17RC is
recruited to the complex, which leads to the recruitment of intracellular signaling proteins. IL-17RC
alone cannot interact with IL-17 that is not associated with IL-17RA (Kuestner et al., 2007). In accord,
we noted that in our post-lysis samples, IL-17 binds only IL-17RA, but not IL-17RC. Whereas
immunoprecipitated IL-17RA might originate from the ligand-engaged IL-17RA/IL-17RC receptor as well
as from pre-signaling IL-17RA-IL-17 pulled down, IL-17RC uniquely represents the assembled IL-17RSC
complexes in the 1:2:1 stoichiometry between IL-17RA:IL-17:IL-17RC (Ely et al, 2009; Goepfert et al,
2017; Liu et al, 2013). For this reason, IL-17RC represents the ideal candidate for the normalization. We
added the explanation for our choice in the results section.

7/ Do the many cell lines that were generated via CRISPR/Cas9 originate from a single clone of were
polyclonal? In the case they originate from a single clone, have the authors tested several of them to
avoid potential inter-clonal variation?

The panels shown in the manuscripts are based on knockout cell lines derived from one clone.
Experiments showing the markedly changed signaling output in NEMO-deficient and TBK1/IKKe-deficient
cells were confirmed using two independent cell lines prepared using different target sgRNA. For the
sake of clarity, we did not include these data in the manuscript. Instead, we validated our results using



two different cell lines, ST2 and Hela, throughout the manuscript. The knockout in these cells were
prepared using different sgRNA target sequences, which excludes off-target effects and documents that
our findings are relevant in both murine and human cells. Importantly, the results obtained using
knockout cell lines were complemented by reconstitution studies, demonstrating that the phenotype
observed in knockout cells is due to the absence of studied protein.

However, thanks to this reviewer comment, we realized that the reconstitution experiment was
missing for HOIP-deficient cell line. We therefore revised the manuscript to include also experiment in
which HOIP-deficient cells are reconstituted with HOIP(WT) or empty vector. As expected, re-expression
of HOIP markedly enhanced NF-kB signaling upon IL-17 stimulation in these cells (newly added Figure
EV3E).

8/ Supplementary Table 1. The intensity ratio columns appear to be IL17R/Ctrl rather than Ctrl/IL17R.
We thank the reviewer for spotting this mistake, which is corrected in the revised version of the
manuscript.
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1st Revision - Editorial Decision 3rd Jun 2020

Dear Peter,

Thanks for submitting your revised manuscript to The EMBO Journal. Your study has now been
seen by the two referees.

The referees appreciate the introduced changes and support publication here. | am therefore
pleased to let you know that we will accept the manuscript for publication here. Before doing so
there are just a few editorial points that need to be addressed.

- You have at the moment 6 EV figures, but you can only have 5. Can you combine two of them
maybe. If not, you can always add the figure to the appendix. See also guide to authors

- thanks for adding source data - will you please merge the files so that there is one file/folder per
figure

- Please check Figure 4G the p-TBK1 lane. I think it is slightly misaligned in the figure.

- The call out to 4H-Ilis missing the number ‘4" - see page 10

- have asked our publisher to do their pre-publication checks on the paper. They will send me the
file within the next few days. Please wait to upload the revised version until you have received their

comments.

That should be all! You can submit the revised manuscript using the link below. Please upload a
point-by-point response as well

Let me know if you have any further questions
With best wishes

Karin

Karin Dumstrei, PhD

Senior Editor
The EMBO Journal

Instructions for preparing your revised manuscript:

Please check that the title and abstract of the manuscript are brief, yet explicit, even to non-
specialists.

When assembling figures, please refer to our figure preparation guideline in order to ensure proper
formatting and readability in print as well as on screen:
http://bit ly/EMBO PressFigurePreparationGuideline

IMPORTANT : When you send the revision we will require



- a point-by-point response to the referees' comments, with a detailed description of the changes
made (as a word file).

- a word file of the manuscript text.

- individual production quality figure files (one file per figure)

- a complete author checklist, which you can download from our author guidelines
(https/iwww.embopress.org/page/journal/14602075/authorguide).

- Expanded View files (replacing Supplementary Information)

Please see out instructions to authors
https/iwww.embopress.org/page/journal/14602075/authorguide#expandedview

Please remember: Digital image enhancement is acceptable practice, as long as it accurately
represents the original data and conforms to community standards. If a figure has been subjected
to significant electronic manipulation, this must be noted in the figure legend or in the ‘Materials and
Methods' section. The editors reserve the right to request original versions of figures and the
original images that were used to assemble the figure.

Further information is available in our Guide For Authors:
https//www.embopress.org/page/journal/14602075/authorguide

The revision must be submitted online within 90 days; please click on the link below to submit the
revision online before 1st Sep 2020.

https://emboj.msubmit .net/cgi-bin/main.plex

Referee #1:

In this revised manuscript, the authors have addressed my comments. T heir study examines the
assembly of the early signaling complex formed upon binding of IL-17A to its receptors. As stated
earlier, their data established that IL-17 shows a preference for strong activation and recruitment of
TBK1 and IKKe kinases to its receptor complex over other signaling events. In this revised
manuscript, authors bring more clarity to the mechanism by which NEMO activates and recruits
TBK1/IKKe to IL-17R. In addition, their new data revealed a more nuanced role of TBK1/IKKe kinases
in regulating IL-17 signaling. On one hand, these kinases inhibit TRAF6 recruitment to IL-17R and
subsequent activation of MAPK and NF-kB signaling. On the other hand, TBK1/IKKe enable TRAF2
recruitment in an enzymatic activity-independent mechanism, yet remains to be resolved. Thus, this
manuscript brings more clarity to the mechanism by which TBK1/IKKe regulates IL-17 signaling.

Referee #2:

The authors have appropriately addressed the issues I raised as well at those raised by the second
reviewer. In my view the manuscript can be accepted in its present form.



2nd Revision - Editorial Decision 17th Jun 2020

Dear Peter,

Thank you for submitting your revised manuscript to The EMBO Journal. | have now had a chance
to take a look at the introduced changes and | am pleased to accept the manuscript for publication
here.

One last thing - can you please check that size of the synopsis image is OK. It should be 550 pixels
wide by [200-400} high. You can send it to us via email.

Congratulations on a nice study!
Best Karin

Karin Dumstrei, PhD
Senior Editor
The EMBO Journal

Please note that it is EMBO Journal policy for the transcript of the editorial process (containing
referee reports and your response letter) to be published as an online supplement to each paper. If
you do NOT want this, you will need to inform the Editorial Office via email immediately. More
information is available here: httpJ//emboj.embopress.org/about#Transparent_Process

Your manuscript will be processed for publication in the journal by EMBO Press. Manuscripts in the
PDF and electronic editions of The EMBO Journal will be copy edited, and you will be provided with
page proofs prior to publication. Please note that supplementary information is not included in the
proofs.

Should you be planning a Press Release on your article, please get in contact with
embojournal@wiley.com as early as possible, in order to coordinate publication and release dates.

If you have any questions, please do not hesitate to call or email the Editorial Office. Thank you for
your contribution to The EMBO Journal.

** Click here to be directed to your login page: http//embojmsubmit.net
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We encourage you to include a specific subsection in the methods section for statistics, reagents, animal models and human
subjects.

B- Statistics and general methods Please fill

these boxes W (Do not worry if you cannot see all your text once you press retur

1.a. How was the sample size chosen to ensure adequate power to detect a pre-specified effect size? The sample size for particular experiments was chosen based on our previous
experience and standards in the field

1.b. For animal studies, include a statement about sample size estimate even if no statistical methods were used. NA

2. Describe inclusion/exclusion criteria if samples or animals were excluded from the analysis. Were the criteria pre- NA
established?

3. Were any steps taken to minimize the effects of subjective bias when allocating animals/samples to treatment (e.g. NA
randomization procedure)? If yes, please describe.

For animal studies, include a statement about randomization even if no randomization was used. NA

4.a. Were any steps taken to minimize the effects of subjective bias during group allocation or/and when assessing results [NA
(e.g. blinding of the investigator)? If yes please describe.

4.b. For animal studies, include a statement about blinding even if no blinding was done NA

5. For every figure, are statistical tests justified as appropriate? Yes. The experimental data in Fig 1C, 2F, 4F, EV2D, and EV3F have normal distribution and were
analyzed by unpaired two-tailed Student’s t-test. In the case of Fig 3B and Fig EV3B, in which
certain proteins were not detected and thus did not follow normal distribution, two-tailed
nonparametric Mann Whitney statistical tests were used.

Do the data meet the assumptions of the tests (e.g., normal distribution)? Describe any methods used to assess it. Yes. In Fig 1C, Fig 2F, and Fig EV3F data normality was confirmed using Kolmogorov-Smirnov test.
In Fig 4F and EV2D normal distribution was assumed based on Fig 2F.

Is there an estimate of variation within each group of data? NA




Is the variance similar between the groups that are being statistically compared?

NA

C- Reagents

6. To show that antibodies were profiled for use in the system under study (assay and species), provide a citation, catalog
number and/or clone number, supplementary information or reference to an antibody validation profile. e.g.,
Antibodypedia (see link list at top right), 1DegreeBio (see link list at top right).

The antibodies used in this study are widely used for analysis of signaling pathways and detection
of particular signaling proteins. The catalogue numbers and manufacturers of these antibodies are
specified in the Methods section. In addition, this study employ a number of knockout cell lines that
further validated the specificity of several antibodies used.

7. Identify the source of cell lines and report if they were recently authenticated (e.g., by STR profiling) and tested for
mycoplasma contamination.

The sources of cell lines used in this study are indicated in the Methods section. Cells were
regularly tested for mycoplasma contamination.

* for all hyperlinks, please see the table at the top right of the document

D- Animal Models

E- Human Subjects

8. Report species, strain, gender, age of animals and genetic modification status where applicable. Please detail housing |NA
and husbandry conditions and the source of animals.

9. For experiments involving live vertebrates, include a statement of compliance with ethical regulations and identify the |NA
committee(s) approving the experiments.

10. We recommend consulting the ARRIVE guidelines (see link list at top right) (PLoS Biol. 8(6), €1000412, 2010) to ensure [NA
that other relevant aspects of animal studies are adequately reported. See author guidelines, under ‘Reporting

Guidelines’. See also: NIH (see link list at top right) and MRC (see link list at top right) recommendations. Please confirm
compliance.

11. Identify the committee(s) approving the study protocol. NA
12. Include a statement confirming that informed consent was obtained from all subjects and that the experiments NA
conformed to the principles set out in the WMA Declaration of Helsinki and the Department of Health and Human

Services Belmont Report.

13. For publication of patient photos, include a statement confirming that consent to publish was obtained. NA
14. Report any restrictions on the availability (and/or on the use) of human data or samples. NA
15. Report the clinical trial registration number (at ClinicalTrials.gov or equivalent), where applicable. NA
16. For phase Il and Ill randomized controlled trials, please refer to the CONSORT flow diagram (see link list at top right) [NA
and submit the CONSORT checklist (see link list at top right) with your submission. See author guidelines, under ‘Reporting
Guidelines’. Please confirm you have submitted this list.

17. For tumor marker prognostic studies, we recommend that you follow the REMARK reporting guidelines (see link list at [NA

top right). See author guidelines, under ‘Reporting Guidelines’. Please confirm you have followed these guidelines.

F- Data Accessibility

18: Provide a “Data Availability” section at the end of the Materials & Methods, listing the accession codes for data
generated in this study and deposited in a public database (e.g. RNA-Seq data: Gene Expression Omnibus GSE39462,
Proteomics data: PRIDE PXD000208 etc.) Please refer to our author guidelines for ‘Data Deposition’.

Data deposition in a public repository is mandatory for:
a. Protein, DNA and RNA sequences

b. Macromolecular structures

c. Crystallographic data for small molecules

d. Functional genomics data

e. Proteomics and molecular interactions

The datasets produced in this study are available in the following databases:
* The mass spectrometry data: PRIDE PXD019020
* RNA-Seq data: Gene Expression Omnibus GSE150410

19. Deposition is strongly recommended for any datasets that are central and integral to the study; please consider the
journal’s data policy. If no structured public repository exists for a given data type, we encourage the provision of datasets
in the manuscript as a Supplementary Document (see author guidelines under ‘Expanded View’ or in unstructured
repositories such as Dryad (see link list at top right) or Figshare (see link list at top right).

Apart from depositing raw data in public databases, we included results of mass-spec experiments
and RNA-Seq experiments in Tables EV1-6 that are part of this manuscript.

20. Access to human clinical and genomic datasets should be provided with as few restrictions as possible while respecting
ethical obligations to the patients and relevant medical and legal issues. If practically possible and compatible with the
individual consent agreement used in the study, such data should be deposited in one of the major public access-
controlled repositories such as dbGAP (see link list at top right) or EGA (see link list at top right).

21. Computational models that are central and integral to a study should be shared without restrictions and provided in a
machine-readable form. The relevant accession numbers or links should be provided. When possible, standardized format
(SBML, CellML) should be used instead of scripts (e.g. MATLAB). Authors are strongly encouraged to follow the MIRIAM
guidelines (see link list at top right) and deposit their model in a public database such as Biomodels (see link list at top
right) or JWS Online (see link list at top right). If computer source code is provided with the paper, it should be deposited
in a public repository or included in supplementary information.

G- Dual use research of concern

22. Could your study fall under dual use research restrictions? Please check biosecurity documents (see link list at top
right) and list of select agents and toxins (APHIS/CDC) (see link list at top right). According to our biosecurity guidelines,
provide a statement only if it could.
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