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Reviewers' comments

Reviewer #1 (Remarks to the Author):

This study reports that FGF18 signalling via FGFR3/4 enhances ER-phagy in chondrocytes. This paper is 
partly an extension of an earlier study by the same group (ref 7) reporting that FGF7 signalling induces 
autophagy in chondrocytes. This current study suggests two mechanisms for the effects of FGF18. The first 
is that this causes mTORC1 inhibition via JNK-mediated degradation of IRS1. This mechanism can explain 
how FGF18 induces TFEB/TFE3 activities and activates lysosomal biogenesis and autophagy. The second 
mechanism is that FGF18 may induce the expression of FAM134, an ER-phagy receptor by binding a 
TFEB/TFE3 binding site in its promoter.
Major comments:

1. This is not the first report of transcriptional regulation of ER-phagy in response to physiological signals.
Kohno et al (Life Sci Alliance 2:pii: e201900340 have reported something analogous in the liver in response
to starvation mediated by an N-terminally truncated isoform of FAM134B.
2. It is unclear how JNK signalling results in more rapid turnover of IRS1 – there is a gap in the mechanism.
Is this direct or indirect?
3. The authors have not provided evidence that conclusively demonstrates that FTEB/TFE3 binding to the
promoter of FAM134B is driving its transcription in response to FGF18 or that that this is necessary for the
enhanced ER-phagy. In Figure Supp 4e, there is still an effect of FGF stimulation in TFEB/TFE3-knockout
cells. In order to test the hypothesis, the authors should examine the effect of FGF18 on the “complete”
FAM134B promoter either in its wild-type form or with the CLEAR site mutated. Given that FGF18 also
activates the beclin 1 complex (ref 7), the authors should consider mutating the CLEAR site in the
endogenous FAM134B promoter to test if this impacts ER-phagy responses to FGF18.
4. How generalizable are these effects to other cell types?

Technical comments:

1. The authors should show representative experimental data for CHIP assays.
2. Given the paper of Kohno et al referenced above, the authors should make attempts to distinguish if they
are assessing FAM134B-1 or FAM134B-2, as this may have physiological consequences.

Referees' Comments, Round 1 - Transferred in full from another journal 17th October 2019

Reviewer #2 (Remarks to the Author):

Cinque et al have previously shown that FGF18 regulates autophagic flux in chondrocytes during 
development, in order to maintain collagen secretion. Here they show that FGF18 regulates specifically ER-
phagy - via an Insulin Receptor-mTOR-TFEB pathway - and that this is also a major component of the 
mechanism for metabolic amino acid/mTOR regulated ER-phagy, as is commonly studied in the literature. 
The manuscript is novel, well written and provides major insight into upstream regulation of ER-phagy, 
which has been lacking in the field. Statistics seem fine and appropriate referencing is used. 

However, while the signalling pathway and the connections between the components thereof seems 
plausible, I think it would be important to know the scope of ER-phagy function downstream of this 
physiologically. The experiment with the Medaka fish seems an important first step toward this but in itself is 
perhaps not quite sufficient. In particular, could some extra evidence perhaps be gained along the following 
lines prior to publication?:

1) Does ER-phagy affect collagen secretion via the TFEB-FAM134 axis in chondrocytes (in vitro or in vivo)
and/or does it play a role in FGF18-mediated chondrocyte differentiation (in vitro or in vivo) downstream of
this axis?

2) In the authors' previous work they generated FGF18-deficient mice with growth plate defects. Is it possible
to use this or another in vivo system to observe FGF18-mediated regulation of FAM134 transcripts in vivo?



Other important technical considerations:

3) It’s not yet wholly accepted that FAM134B-2, missing much of the reticulon domain, is a potent autophagy
inducer (despite the Life Science Alliance Paper). In any case, the authors should rescue the ER-phagy
deficiency upon FGF18 treatment in FAM134B-LIR cells, or other, by re-expressing FAM134B-2. In any
event, the statement on page 6 about the function of the reticulon domain of FAM134B may need qualified in
this light.

MINOR POINTS
1) Last paragraph of main text – the clearance of anti-1-trypsin by FAM134B in the referenced model is not
true ER-phagy.

Reviewer #3 (Remarks to the Author):

In the manuscript by Cinque et al, the authors showed that FGF18 regulates ER-phagy in chondrogenic cell 
line. They further revealed the underlying pathway, which includes JNK-IRS1-AkT-mTORC1 signaling, 
converging on TFE3/TFEB transcription factors, which in turn regulate expression of Fam134b, a receptor 
for selective autophagic elimination of the endoplasmic reticulum (ER-phagy). The manuscript is well written, 
methodologically sounds and addresses important general question of mechanisms underlying ER-phagy 
regulation. However, I have several concerns specified below and without addressing them I feel that the 
manuscript is overstated and over-generalized. 

Major points: 

1. The authors clearly and convincingly demonstrated that in RCS chondrosarcoma cell line FGF18
stimulates TFEB/TFE3-mediated induction of Fam134b expression. This is a very interesting, novel and, to
my knowledge, previously undescribed connection. However, generality of this observation is limited to RCS
chondrosarcoma cell line and confirmation in other cell lines or in vivo would add strength and depth to this
observation. I would suggest to add MEFs and Saos2 (used by the authors in their recent study EMBO J
2019, 38:e99847) for verification of this connection. This would allow to make more generalized conclusion.
Alternatively, in vivo experiments can be expanded (please see my comment below to the presented in vivo
data).

2. The authors showed that regulation of TFEB/TFE3 by FGF18 is mediated via JNK-dependent degradation
of IRS1 leading to down-regulation of AKT-mTORC1 pathway. FGF18-dependent activation of JNK is known
and particularly for RCS cells has been demonstrated by these same authors previously (Cinque L et al.,
Nature 2015, 528:272-276). In relation to AKT-mTORC1 pathway, previously the authors claimed that there
is no regulation of Akt/mTORC1 by FGF18 in RCS cells (Suppl Fig 8, Nature 2015, 528:272-276), whereas
in the current manuscript they showed down-regulation of Akt/mTORC1 activity by FGF18 (Fig. 4c,d). This
clear discrepancy requires clarification.

3. The authors claimed that FGF18 specifically regulates ER-phagy in RCS cells via TFEB/TFE3-Fab134b
axis. TFEB/TFE3 are master regulators of autophagy and lysosomal biogenesis in general. Additionally, in
the current manuscript (Fig. 1b,c,d,h) and previously (Cinque L et al., Nature 2015, 528:272-276), the
authors showed that FGF18 increases general levels of autophagy. Thus, since ER-phagy is a sub-type of
the autophagy process, the observed increase in ER-phagy can reflect overall increase in the autophagy
and lysosomal biogenesis upon FGF18 stimulation, not selective ER-phagy. To claim selective regulation of
ER-phagy by FGF18, changes in the ratio of ER-phagy to autophagy levels should be demonstrated, e.g.,
EATR assay normalized per LC3-puncta or the number of lysosomes.

4. To explore physiological role of Fam134b the authors did morpholino ablation of this gene in medaka fish
and claimed its physiological role in endochondral ossification (Fig 2i,j and page 4, paragraph 1). First, there
is no endochondral ossification in cranial skeleton of medaka. Bones are formed intra-membranously around
cartilaginous skeletal elements, like mandibular bone around Meckel’s cartilage and no claims about
chondrocyte differentiation can be made. Second, the data are very preliminary, levels of Fam134b,
lysosomes and CLIMP-63 puncta have to be demonstrated in medaka’s chondrocytes with/without Fam134b
ablation as well as morphological and transcriptional changes in chondrocytes to claim physiological role of
Fam134b in chondrogenesis.

5. Another important point is related to the physiological role of Fam134b – neither mice deficient in
Fam134b nor patients with mutated Fam134b were reported signs of growth retardation. This should be
discussed.

6. In light of the comment above the title is not appropriate. There is no data supporting chondrocyte
differentiation. Mentioning chondrocytes in the title is also overstating since only chondrosarcoma cell line
was used.



Minor comments:

1) Throughout the manuscript the authors made an impression that FGF18 is signaling exclusively via
FGFR3 and FGFR4, whereas FGFR1 and FGFR2 are not mediating this signaling. This can be concluded
only if the expression of FGFR1 and/or FGFR2 is demonstrated in this particular cell line. The alternative
is that RCS cells do not express FGFR1 and FGFR2.

2) In Fig. 3C only TFE3 is significantly upregulated whereas in the text the authors say that TFE3, TFEB
and MITF are significantly upregulated. This should be corrected.

3) Numerous Western blots lack quantification and it is unclear how reliable are those observations.

4) FGF18 downregulated ribosomal categories by mass-spec, but upregulated their gene expression (Fig.
1a and Fig. S3c). It would be good to discuss if this is a sign of selective elimination of ribosomes by ER-
phagy or methodological discrepancy.
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We thank the editors and reviewers for their constructive comments, and for the opportunity to 
reconsider our work. The revised version will contains several new data (please see the rebuttal 
figures) that reinforce our original findings, demonstrate physiological relevance of our results and 
broaden their significance. In particular, we demonstrated that: 1) FGF signalling stimulates ER-
phagy in vivo, in cartilage of both mouse and medaka fish; 2) the activation of ER-phagy is required 
for the FGF-mediated secretion in chondrocytes; 3) mice lacking fibroblast growth factor receptors 3 
and 4 (FGFR3 and FGFR4) show altered PI3K signalling, impaired FAM134B expression and, in 
turn, defective ER-phagy in chondrocytes. Notably, these mice have enlarged ER, impaired 
hypertrophic differentiation of chondrocytes and severe bone growth retardation. 4) TFEB/TFE3 
activation induces FAM134B-mediated ER-phagy in multiple cell types and experimental conditions, 
demonstrating the broader biological context of the pathway we describe.  
Thus, our work sheds light on an entirely new, evolutionarily conserved, and physiologically relevant 
pathway that regulates ER-phagy during organismal development and in response to metabolic 
demands.  
In addition, we provide a point-by-point response to the reviewers concerns that addresses all issues 
raised during the revision. 

Authors' Response - Round 1  
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Reviewer #1 (Remarks to the Author): this study reports that FGF18 signalling via FGFR3/4 enhances 
ER-phagy in chondrocytes. This paper is partly an extension of an earlier study by the same group (ref 
7) reporting that FGF7 signalling induces autophagy in chondrocytes. This current study suggests two
mechanisms for the effects of FGF18. The first is that this causes mTORC1 inhibition via JNK-
mediated degradation of IRS1. This mechanism can explain how FGF18 induces TFEB/TFE3 activities
and activates lysosomal biogenesis and autophagy. The second mechanism is that FGF18 may
induce the expression of FAM134, an ER-phagy receptor by binding a TFEB/TFE3 binding site in its
promoter.

 Major comments: 

1) This is not the first report of transcriptional regulation of ER-phagy in response to physiological
signals. Kohno et al (Life Sci Alliance 2:pii: e201900340 have reported something analogous in the liver
in response to starvation mediated by an N-terminally truncated isoform of FAM134B.

(Response) The work by Kohno et al. demonstrated that FAM134B-2 is regulated by C/EBPb 
transcription factor in liver during starvation. This important work was cited in our manuscript, and 
discussed in this revised version.  
Our work identifies FGF signalling as a major regulator of ER-phagy in chondrocytes and defines all the 
molecular players through which this regulation occurs. This signalling pathway was never 
described before. Notably, our work also demonstrates, for the first time, that TFEB is involved in the 
transcriptional regulation of ER-phagy in chondrocytes, as well as in other cell types. We also provide 
physiological significance to our findings during bone development and growth. It is important to 
emphasize that FGF represents a major regulator of skeletal development and when deregulated 
causes at least 15 different type of genetic skeletal disorders.  

2) It is unclear how JNK signalling results in more rapid turnover of IRS1 – there is a gap in the
mechanism. Is this direct or indirect?
(Response) It is well established that proteasomal degradation of IRS1 can be stimulated by
phosphorylation operated by different kinases, such as mTORC1, S6K, IKKb, and JNK (reviewed in
Haeusler RA et al. NRMCB 2018). In particular, JNK1/2 can stimulate IRS1 degradation mainly
through phosphorylation of the serine residue 307 (S307). Consistently, we found that FGF18
induces IRS1 phosphorylation at S307 and this event precedes IRS1 degradation. Both, IRS1 S307
phosphorylation and degradation can be inhibited by using a JNK1/2 inhibitor. These observations
support the model by which FGF18 induces IRS1 degradation via JNK1/2 direct phosphorylation on
S307 (Rebuttal fig. 1) (in the manuscript: Supplementary fig 2b).

Rebuttal figure 1 
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3) The authors have not provided evidence that conclusively demonstrates that FTEB/TFE3 binding to
the promoter of FAM134B is driving its transcription in response to FGF18 or that that this is
necessary for the enhanced ER-phagy. In Figure Supp 4e, there is still an effect of FGF stimulation in
TFEB/TFE3-knockout cells. In order to test the hypothesis, the authors should examine the effect of
FGF18 on the “complete” FAM134B promoter either in its wild-type form or with the CLEAR site
mutated. Given that FGF18 also activates the beclin 1 complex (ref 7), the authors should consider
mutating the CLEAR site in the endogenous FAM134B promoter to test if this impacts ER-phagy
responses to FGF18.

(Response) The first version of the manuscript provided the following experimental evidences to 
demonstrate that TFEB/TFE3 binding to the promoter of FAM134B is driving its transcription in 
response to FGF18: 

1) TFEB/TFE3 overexpression enhanced, while TFEB/TFE3 deletion blunted, FAM134B mRNA
induction by FGF18 (now Fig.4d). Please note that the experiments that show FAM134B
induction by FGF18 in control and TFEB/TFE3 dKO cells were reported in Fig. 3d, and not in Supp
4e. The bar graph clearly showed that the induction of FAM134B mRNA levels by FGF18 is
largely mediated by TFEB/TFE3. Consistently, FGF18 failed to induce FAM134B protein levels
in TFEB/TFE3dKO cells (now Fig.4e). The residual upregulation of FAM134B-2 mRNA levels
observed in TFEB/TFE3 KO cells treated with FGF18, might be due to the activity of other
members of the Mi-TFE family (e.g. MiTF) or other transcription factors (e.g. C/EBPb). These data
clearly demonstrate that TFEB and TFE3 are main transcriptional regulators of FAM134B
induction by FGF18 in chondrocytes.

2) Next to test whether TFEB/TFE3 control FAM134B expression directly, we performed a
bioinformatic analysis to identify TFEB/TFE3 binding (CLEAR) sites in the FAM134B locus. Different
CLEAR sites were predicted to be upstream the 5’ UTR of FAM134B-2 isoform. Chromatin
Immunoprecipitation (ChIP) analysis demonstrated that TFEB binds to a CLEAR site located
2.7kb upstream of the 5’ UTR of FAM134B-2 (Fig 4j).

3) Luciferase reporter assay using as promoter a 700bp DNA fragment containing the CLEAR site
(CLEAR-wt) demonstrated that TFEB promotes, in a dose dependent manner, luciferase
expression (Fig 4 k-l).

As also recognized by reviewer 3 (major point 1), these data clearly and convincingly demonstrated that 
in the RCS cell line, FGF18 stimulates TFEB/TFE3-mediated induction of Fam134b expression. To 
further support our findings, the revised version of the manuscript contains the following new 
experiments:  

4) Mutation of the CLEAR site (CLEAR-mut) completely abrogated luciferase induction by TFEB
(Rebuttal fig 2a-b) (in the manuscript: Fig 4k-m).

5) Luciferase reporter assay demonstrating that FGF18 boosts TFEB transactivation potential
by using the CLEAR-wt, but not the CLEAR-mut promoter (Rebuttal Fig 2b-c) (in the manuscript: Fig
4k-m)
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6) FGF18 does not significantly transactivate the CLEAR-wt luciferase promoter in TFEB/
TFE3 dKO cells. (Rebuttal Fig 2c) (in the manuscript: Fig 4k-m)

7) As per reviewer suggestion we have examined the effect of FGF18 on the “complete” FAM134B
promoter. We have cloned a DNA fragment of 3280 bp upstream the 5`UTR of Fam134b-2 either in
its wild-type form or with the CLEAR site mutated. We found that FGF18 has an impaired
capacity to transactivate the luciferase plasmid harbouring a mutated version of the CLEAR site
(Rebuttal Fig 2d).

Rebuttal figure 2 

8) We analysed unpublished TFEB ChIP-seq experiments performed in starved HeLa and
ARPE19 cells. Both experiments demonstrated that TFEB, either endogenous (in HeLa) or
overexpressed (in ARPE19), binds to several CLEAR elements in the FAM134B locus (Rebuttal fig 
3). These observations are also consistent with the new data that show that TFEB/TFE3 enhance 
FAM134B-mediated ER-phagy in multiple cell lines.

Rebuttal figure 3 
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Unfortunately, to date we have not been able to mutate the endogenous CLEAR site in the promoter of 
Fam134b. However, we believe that, taken together, our data provide convincing evidences 
demonstrating that FGF18 stimulates Fam134b expression via TFEB/TFE3.  

4) How generalizable are these effects to other cell types?

(Response) The following evidences demonstrate that the TFEB/TFE3-FAM134B axis represents a 
general mechanism that regulates ER-phagy:  
1) An analysis of the expression levels of FAM134B in HeLa wild type and TFEB/TFE3 double-KO
cells, revealed that the FAM134B mRNA induction was significantly impaired in TFEB/TFE3 dKO
compared with  WT cells upon starvation (Rebuttal fig. 4a). Consistently, starvation-induced ER-
phagy was also impaired in TFEB/TFE3 dKO cells, as demonstrated by Climp63 lysosomal localization
and EATR assay (Rebuttal fig. 4b-d) (in the manuscript: Supplementary Fig. 8f,g). These data
demonstrate that TFEB/TFE3 regulate starvation induced ER-phagy in HeLa cells.

Rebuttal figure 4 
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2) Overexpression of a constitutively active form of TFEB (S142A:S211A mutant) strongly increased
FAM134B mRNA expression levels and induced ER-phagy (Climp63 accumulation in lysosomes) in 
U2-OS cells, demonstrating that TFEB overexpression is sufficient to trigger ER-Phagy (Rebuttal Fig 5a 
and c-d). More importantly, TFEB overexpression in U2-OS cells in which FAM134B was stably 
downregulated (U2-OS Sh-FAM134B) failed to trigger ER-phagy (Rebuttal Fig 5b-d) (in the 
manuscript: Supplementary Fig. 9a-d)

Rebuttal figure 5 
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3) Overexpression of a constitutively active form of TFEB induced ER-phagy (Climp63 delivery in
lysosomes) in WT, but not FAM134BKO mouse embryonic fibroblasts (Rebuttal Fig 6a,b) (in the
manuscript: Supplementary Fig. 9e,f).

Rebuttal figure 6 
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4), FGF18 administration to Medaka fish induces Fam134b mRNA expression and ER-phagy (PDI 
delivery into LAMP1 positive vesicles) in chondrocytes of WT but not of moFAM134B fish (Rebuttal Fig 
7a-c) (in the manuscript: Supplementary Fig. 6c-e).   

Rebuttal figure 7 

Taken together these data clearly demonstrated that the TFEB-FAM134B axis is a general 
mechanism through which ER-phagy can be regulated in response to cellular needs.  

Technical comments: 

1. The authors should show representative experimental data for CHIP assays.

(Response) A representative gel electrophoresis of the ChIP experiment is shown in Rebuttal fig 8. 
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Rebuttal figure 8 

2. Given the paper of Kohno et al referenced above, the authors should make attempts to distinguish if
they are assessing FAM134B-1 or FAM134B-2, as this may have physiological consequences.

(Response) We observed that both FAM134B isoforms are expressed and respond to TFEB in RCS, 
although isoform 2 is most effectively upregulated by starvation and FGF18 stimulation (now 
supplementary fig 7d). In vivo, in chondrocytes FAM134b-2 expression is predominantly regulated by 
FGF signalling, since it is significantly downregulated, both at mRNA and protein levels) in the growth 
plates of FGFR3/4 dKO mice compare to controls (Rebuttal fig 9a, b) (in the manuscript: Fig. 5f,g). 

Rebuttal figure 9 

In human cell lines, such as U2-OS we observed that TFEB and starvation predominantly regulate 
FAM134B-2 isoform. Chip-seq experiments shown in Rebuttal fig. 3 demonstrates that TFEB binds the 
promoters of both isoforms. Thus, consistent with Kohno et al, there is a cell- and tissue-specific 
transcriptional regulation of FAM134B isoforms.  
FAM134B-2 is a truncated form that lacks a portion of the Reticulon Homology Domain (RHD) of 
FAM134B-1. We demonstrated that both isoforms correctly localize to the ER (Rebuttal fig 9a), 
induce ER fragmentation and ER-phagy, although with different efficiencies (Rebuttal fig 10b-c), 
consistent with previous observations (Bhaskara et al. 2019).  
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Rebuttal figure 10 

Reviewer #2 (Remarks to the Author): 
Cinque et al have previously shown that FGF18 regulates autophagic flux in chondrocytes during 
development, in order to maintain collagen secretion. Here they show that FGF18 regulates 
specifically ER-phagy - via an Insulin Receptor-mTOR-TFEB pathway - and that this is also a major 
component of the mechanism for metabolic amino acid/mTOR regulated ER-phagy, as is commonly 
studied in the literature. The manuscript is novel, well written and provides major insight into 
upstream regulation of ER-phagy, which has been lacking in the field. Statistics seem fine and 
appropriate referencing is used.  

(Response) We thank the reviewer for recognizing the novelty and the quality of our work. 

However, while the signalling pathway and the connections between the components thereof 
seems plausible, I think it would be important to know the scope of ER-phagy function downstream of 
this physiologically. The experiment with the Medaka fish seems an important first step toward this but 
in itself is perhaps not quite sufficient. In particular, could some extra evidence perhaps be gained along 
the following lines prior to publication?: 

(Response) We performed several new experiments to address the scope of ER-phagy both in vitro and 
in vivo in both medaka and mice.  

1) Does ER-phagy affect collagen secretion via the TFEB-FAM134 axis in chondrocytes (in vitro or in
vivo) and/or does it play a role in FGF18-mediated chondrocyte differentiation (in vitro or in vivo)
downstream of this axis?

(Response) To investigate whether ER-phagy regulates protein secretion in chondrocytes, we 
performed Tandem Mass Tag spectrometry to analyse the secretome in control and FAM134BDlir
chondrocytes upon FGF stimulation. We found that FGF regulates, in a FAM134B-dependent 
manner, the secretion of collagens (Col6a2, Col12a1), angiogenic factors (VEGFa/VEGFc), matrix 
metalloproteases (MMP13) and chondrogenic/osteogenic factors (MGP and SEMA3A) (Rebuttal fig 



11 

11a).  We have not been able to study Col2 trafficking/secretion in FGF18-treated RCS cells since we 
found that FGF18 strongly suppresses the transcription of this specific procollagen in these cells 
(Rebuttal fig 11b-c). However, in vivo, medaka fish lacking FAM134B (moFAM134B) showed 
aberrant accumulation of type II collagen and ER distension in chondrocytes compared to control fish 
(Rebuttal fig 11d and e), consistent with a defective secretion in absence of ER-phagy. Taken 
together these data demonstrate that ER-phagy induction is required for a proper FGF-regulated 
secretion in chondrocytes. (in the manuscript: Fig. 6b,f,g) 

Rebuttal figure 11 
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2) In the authors' previous work they generated FGF18-deficient mice with growth plate defects. Is it
possible to use this or another in vivo system to observe FGF18-mediated regulation of FAM134
transcripts in vivo?

(Response) We have addressed this request both in Medaka and in mice, Rebuttal figures 12 and 13, 
respectively.  
We demonstrated that FGF18 administration to medaka fish increases both Fam134b and Lamp1 
mRNA levels (Rebuttal fig 12a) and induces ER-phagy, as demonstrated by accumulation of protein 
disufide-isomerase (PDI) in LAMP1 positive vesicles. Importantly, FGF18-mediated ER-phagy is 
impaired in moFAM134B fish (Rebuttal fig 12b-c) (in the manuscript: Fig. 6c-e).  

Rebuttal figure 12 
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In agreement with our in vitro findings, growth plate extracts from FGFR3/4-dKO mice showed 
reduced JNK1/2 activity, IRS1 accumulation, higher mTORC1 signalling (Rebuttal fig 13a) and lower 
levels of FAM134B-2 mRNA (Rebuttal fig 13b) and protein (Rebuttal fig 13c) compared to control 
littermates. FGFR3/4dKO growth plate chondrocytes also showed defective lysosome biogenesis 
and autophagy, as assessed by LAMP1 and LC3II levels (Rebuttal fig 13d), respectively, ER cisternae 
distension and Climp63 accumulation, suggesting defective ER-phagy (Rebuttal fig 13e-g) (in the 
manuscript: Fig. 5). 
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Rebuttal figure 13 
The FGFR3/4dKO mice showed severe bone growth retardation and a growth plate phenotype 
characterized by disorganized hypertrophic chondrocytes (Rebuttal fig 14a,b). To our knowledge, this 
is the first phenotypic characterization of growth plate phenotype in FGFR3/4 dKO. Taken together 
these in vivo observations clearly demonstrate the physiological relevance and evolutionarily 
conservation of the FGF-mediated regulation of ER-phagy. (in the manuscript: Fig. a-c) 

Rebuttal figure 14 

Other important technical considerations: 

3) It’s not yet wholly accepted that FAM134B-2, missing much of the reticulon domain, is a potent
autophagy inducer (despite the Life Science Alliance Paper). In any case, the authors should rescue the
ER-phagy deficiency upon FGF18 treatment in FAM134B-LIR cells, or other, by re-expressing
FAM134B-2. In any event, the statement on page 6 about the function of the reticulon domain of
FAM134B may need qualified in this light.

(Response) We performed the experiment suggested by the reviewer, and demonstrated that 
FAM134B-2 localizes at the ER, and induces ER-phagy in FAM134B-LIR cells, although less efficiently 
than the FAM134B-1 isoform (Rebuttal fig 15 and see also Rebuttal fig 10). These data are consistent 
with Bhaskara et al. 2019.  
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Rebuttal figure 15 

MINOR POINTS  
Last paragraph of main text – the clearance of anti-1-trypsin by FAM134B in the referenced model is 
not true ER-phagy.  
(Response) We corrected this sentence.  
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Reviewer #3 (Remarks to the Author): 
In the manuscript by Cinque et al, the authors showed that FGF18 regulates ER-phagy in 
chondrogenic cell line. They further revealed the underlying pathway, which includes JNK-IRS1-AkT-
mTORC1 signaling, converging on TFE3/TFEB transcription factors, which in turn regulate expression of 
Fam134b, a receptor for selective autophagic elimination of the endoplasmic reticulum (ER-phagy). 
The manuscript is well written, methodologically sounds and addresses important general question of 
mechanisms underlying ER-phagy regulation. However, I have several concerns specified below 
and without addressing them I feel that the manuscript is overstated and over-generalized.  

(Response) We thank the reviewer for the very important suggestions. We have done our best to 
address all the comments.   

Major points: 
1) The authors clearly and convincingly demonstrated that in RCS chondrosarcoma cell line FGF18
stimulates TFEB/TFE3-mediated induction of Fam134b expression. This is a very interesting, novel
and, to my knowledge, previously undescribed connection. However, generality of this observation is
limited to RCS chondrosarcoma cell line and confirmation in other cell lines or in vivo would add
strength and depth to this observation. I would suggest to add MEFs and Saos2 (used by the authors in
their recent study EMBO J 2019, 38:e99847) for verification of this connection. This would allow to
make more generalized conclusion. Alternatively, in vivo experiments can be expanded (please see
my comment below to the presented in vivo data).

(Response) We are glad that the reviewer recognized that our data clearly and convincingly show that 
FGF18 stimulates TFEB/TFE3-mediated induction of Fam134b expression.  
As reported in the response to reviewers 1 and 2, to expand the generalization of this observation we 
performed both in vivo and in vitro experiments. We have now demonstrated that starvation-mediated 
FAM134B upregulation, as well as ER-phagy, is impaired in Hela cells lacking TFEB and TFE3 (see 
Rebuttal fig 4) (in the manuscript: Supplementary Fig. 8f,g). Furthermore, TFEB overexpression 
induces ER-phagy in U2-OS cells, but not in U2OS in which FAM134B was stably silenced (see 
Rebuttal fig 5) (in the manuscript: Supplementary Fig. 9a,d). In addition, the overexpression of 
a constitutively active form of TFEB induces ER-phagy in WT, but not in FAM134B KO MEFs (see 
Rebuttal fig 6) (in the manuscript: Supplementary Fig. 9e,f). Taken together these gain- and loss-of-
function experiments demonstrated that TFEB/TFE3 activation induces ER-phagy via FAM134B 
transcriptional induction in multiple cell lines.  

The description of the new in vivo data is included below (point 4). 

2) The authors showed that regulation of TFEB/TFE3 by FGF18 is mediated via JNK-dependent
degradation of IRS1 leading to down-regulation of AKT-mTORC1 pathway. FGF18-dependent
activation of JNK is known and particularly for RCS cells has been demonstrated by these same
authors previously (Cinque L et al., Nature 2015, 528:272-276). In relation to AKT-mTORC1 pathway,
previously the authors claimed that there is no regulation of Akt/mTORC1 by FGF18 in RCS cells
(Suppl Fig 8, Nature 2015, 528:272-276), whereas in the current manuscript they showed down-
regulation of Akt/mTORC1 activity by FGF18 (Fig. 4c,d). This clear discrepancy requires clarification.

(Response) The Extended data 8d-e of Cinque et al. Nature 2015 showed the pathway analysis in 



17 

the growth plate of FGF18+/- mice, not in RCS cells. Growth plate specimens from FGF18+/- mice 
showed a reduction of JNK1/2, but not of the Akt/mTORC1 signalling pathway, compared with 
control. The lack of Akt/mTORC1 signaling defects might be due to the fact we were analysing 
heterozygous mice, which still express FGF18 from one allele (the KO is embryonic/perinatal lethal). To 
overcome this limitation, the revised version includes novel data on the generation and analysis of 
growth plates from FGFR3/4dKO mice demonstrating a significant increase in mTORC1/AKT 
signalling (Rebuttal fig. 16) (in the manuscript: Fig. 4d), consistent with a role of FGF as negative 
regulator of the PI3K signalling in cartilage. 

Rebuttal figure 16 

3) The authors claimed that FGF18 specifically regulates ER-phagy in RCS cells via TFEB/TFE3-
Fab134b axis. TFEB/TFE3 are master regulators of autophagy and lysosomal biogenesis in general.
Additionally, in the current manuscript (Fig. 1b,c,d,h) and previously (Cinque L et al., Nature 2015,
528:272-276), the authors showed that FGF18 increases general levels of autophagy. Thus, since ER-
phagy is a sub-type of the autophagy process, the observed increase in ER-phagy can reflect overall
increase in the autophagy and lysosomal biogenesis upon FGF18 stimulation, not selective ER-
phagy. To claim selective regulation of ER-phagy by FGF18, changes in the ratio of ER-phagy to
autophagy levels should be demonstrated, e.g., EATR assay normalized per LC3-puncta or the
number of lysosomes.

(Response) To address this important question we analysed FGF18 mediated autophagy induction in 
control and TFEB/TFE3 DKO cells. Notably, FGF18 still induces autophagosome biogenesis 
(Rebuttal fig 17a, manuscript fig. 7a) and autophagosome/lysosome fusion (Rebuttal fig 17b, 
manuscript fig 4i) in TFEB/TFE3 DKO cells, consistent with the fact that FGF18 stimulation can 
promote autophagy through multiple mechanisms (e.g. mTORC1 inhibition, Beclin-1 activation 
etc..). However, the lack of TFEB/TFE3 strongly suppresses CLIMP63 puncta accumulation within 
autophagosomes and lysosomes (Rebuttal fig 17c and d, manuscript Fig 4f-g).  These data clearly 
show that TFEB/TFE3 activation by FGF18 is essential to activate ER-phagy rather than autophagy in 
general. We discussed this important observation in the revised version of the manuscript.  
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Rebuttal figure 17 

4) To explore the physiological role of Fam134b the authors did morpholino ablation of this gene in
medaka fish and claimed its physiological role in endochondral ossification (Fig 2i,j and page 4,
paragraph 1). First, there is no endochondral ossification in cranial skeleton of medaka. Bones are
formed intra-membranously around cartilaginous skeletal elements, like mandibular bone around
Meckel’s cartilage and no claims about chondrocyte differentiation can be made. Second, the data are
very preliminary, levels of Fam134b, lysosomes and CLIMP-63 puncta have to be demonstrated in
medaka’s chondrocytes with/without Fam134b ablation as well as morphological and
transcriptional changes in chondrocytes to claim physiological role of Fam134b in chondrogenesis.

(Response) We corrected the mistake relative to the ossification in Medaka and performed new 
experiments to address reviewer requests:  

1) We demonstrated that FGF18 administration to Medaka fish increases the
transcriptional level of Fam134b, as well as of the lysosomal protein Lamp1 (Rebuttal fig 18a) (in
the manuscript: Fig. 6c and and supplementary Fig. 10).

2) We showed that FGF18 triggers FAM134B-dependent ER-phagy in Medaka cartilage, as
demonstrated by colocalization of protein disufide-isomerase (PDI) in LAMP1-positive
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vesicles in control, but not in moFAM134B medaka (Rebuttal fig 18b and c) (manuscript: Fig. 6d,e). 
We used PDI antibody instead of Climp63, for technical reasons as per compatibility of 
secondary antibodies (PDI, mouse; Lamp1, Rabbit).  

3) We demonstrated, by electron microscopy, that Fam134b silencing affects ER
homeostasis in chondrocytes of the Medaka, as observed by presence of dilated ER cisternae
(Rebuttal fig. 18d). Type II procollagen also accumulates in moFAM134B fish compared to control
(Rebuttal fig. 18e) (manuscript: Fig. 6 f,g).

Taken together these data support a physiological role for FGF18-induced ER-phagy via FAM134B in 
chondrocytes during skeletal development in Medaka.   

Rebuttal figure 18 
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5) Another important point is related to the physiological role of Fam134b – neither mice deficient in
Fam134b nor patients with mutated Fam134b were reported signs of growth retardation. This should
be discussed.

(Response) We agree with the reviewer. We think that the lack of a clear bone phenotype in 
FAM134B KO mice, might be probably due to compensatory mechanisms exerted by the other 
FAM134 family members, namely FAM134A and FAM134C. Indeed, cells lacking FAM134B showed 
significant upregulation of FAM134A and FAM134C (data not shown). This was the main reason why we 
decided to analyse FAM134B roles in cartilage using an in vivo model with an acute, rather than 
constitutive, inhibition of FAM134B. 

6) In light of the comment above the title is not appropriate. There is no data supporting
chondrocyte differentiation. Mentioning chondrocytes in the title is also overstating since only
chondrosarcoma cell line was used.

(Response) We agree with the reviewer, our manuscript focused on RCS response to FGF stimulation 
and not a study on the process of chondrocyte differentiation. However, given that the new version of 
the manuscript contains several new data in chondrocytes in vivo in both medaka and mice, and in 
different cell lines, we decided to use the following title: ” MiT/TFE factors control ER-phagy via 
transcriptional regulation of FAM134B ”.

Minor comments: 

Throughout the manuscript the authors made an impression that FGF18 is signaling exclusively via 
FGFR3 and FGFR4, whereas FGFR1 and FGFR2 are not mediating this signaling. This can be 
concluded only if the expression of FGFR1 and/or FGFR2 is demonstrated in this particular cell 
line. The alternative is that RCS cells do not express FGFR1 and FGFR2.  

(Response) RCS expresses all four FGF receptors (see Supp fig 1e), however by Crispr-Cas9 single 
and combined receptor deletion, we demonstrated that FGF18 induced lysosome biogenesis and ER-
phagy exclusively through FGFR3 and FGFR4 (see Fig. 1h-j; and Supp fig 1d,f).  

In Fig. 3C only TFE3 is significantly upregulated whereas in the text the authors say that TFE3, TFEB 
and MITF are significantly upregulated. This should be corrected.  

(Response) We corrected the figure, which now shows significant effects also in TFEB and MITF 
expressing samples.  

Numerous Western blots lack quantification and it is unclear how reliable are those observations. 

(Response) Each blot was representative of at least three independent replica experiments. We 
included quantification of the data in the revised version of the manuscript.  

FGF18 downregulated ribosomal categories by mass-spec, but upregulated their gene expression 
(Fig. 1a and Fig. S3c). It would be good to discuss if this is a sign of selective elimination of ribosomes 
by ER-phagy or methodological discrepancy. 

(Response) Indeed, this is a very interesting finding. Mass spectrometry experiments demonstrated that 
FGF18 downregulated ribosomes in WT but not in FAM134B-LIR cells, suggesting that the 
downregulation of ribosomes is a consequence of ER-phagy. We discussed this aspect in the paper. 



Reviewers' comments

Reviewer #1 (Remarks to the Author):

The authors have done a lot of work to revise this paper. However, a number of key concerns remain.

1. I am still worried about the conceptual novelty – we know that TFEB induces autophagy, that
FAM134B is important for ER-phagy and collagen homeostasis in relevant cells types, and that FGFs
induce autophagy in such cells regulate collagen homeostasis. Settembre’s group showed that the
effects of FGFs in this context were mediated via JNK and the links between JNK and IRS1
degradation-mTORC1 signalling are well known, as is the regulation of mTORC1 by TFEB. The
regulation of FAM134 and ER-phagy by starvation which also activates TFEB has been described
before. So this paper looks like it is tying together existing literature.

2. Are the effects of FGF signalling and the proposed downstream mediator on bulk autophagy or is
there truly a selectivity conferred by the induction of FAM134B? (Referee 3 point 3). This is important as
the FGF and TFEB axes are not novel by themselves as they are known autophagy inducers and the
group have previously described how FGF can stimulate autophagy and regulate collagen homeostasis.
To address this the authors have tried to show that autophagy is not affected in the
TFEB/TFE3 knockout cells – but this goes against much of the previous literature from this lab showing
that TFEB is a master transcriptional regulator of autophagy. I am concerned that the key data for this
are in Fig 4i and Supp 7a. Supp 7a may be misleading as it does not assess flux and number of
vesicles may simply increase due to impaired lysosomal function in the
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knockout cells. Fig 4i uses an assay that may be risky as they use FACS and do not count vesicles – I 
would not trust the FACS assay
here at all – the numbers of red-only and yellow vesicles need to be assessed per cell by microscopy. 
FACS will not assess vesicles and will measure total cellular fluorescence. The authors need to 
consider that the flux that needs to be assessed is essentially the number of red only vesicles per cell. 
The ratio is not that informative for the question being addressed – what matters here is the amount of 
substrate being delivered to lysosomes for degradation per unit time. This is a very important question 
and even if the assay were performed properly by microscopy (not FACS), I would ask for the authors to 
assess clearance of a non-ER autophagy substrate in the wild-type and TFEB/TFE3 knockout cells in 
response to FGF. The mRFP-GFP-LC3 assay along with analyses of one or two non-ER autophagy 
substrates would allow one to compare with the ER-phagy data and make an assessment whether there 
was a selective component in this pathway regulates by FGF and TFEB, which is key for this study. 

Referees' Comments, Round 2 - Transferred in full from another journal      



3. Referee 1 comment 2. The degradation kinetics of IRS are not obviously affected by the JNK
inhibitor – about 50% is lost with/without the inhibitor compared to the starting amount in graph in
rebuttal Fig 1. But graph in Rebuttal fig. 1 and Supplementary fig 2b are different - see JNK
inhibitor lanes. Which one is correct?

4. What are the p values in the knockout cells in 4 d and h using t tests? We need to understand if
these are true negatives or not. I think t tests are appropriate here (as opposed to ANOVA) in
order to make the negative statement in the knockout cells –when I do this for the knockout cells
in 4d I get highly significant differences with the FGF treatment. Thus, to my eyes, the raw data in
Figs 4d and 4e suggest that FGF very clearly induces FAM134B in TFEB/TFE3 knockout cells,
arguing against the mechanism that is being proposed. Note that the graph in 4e looks wrong –
the FGF induces FAM134B quite clearly in both wild-type and knockout cells on the blot.

5. I could not find the raw data for Fig 4e or 4h and this may be missing for other figures too.

6. Another key problem pointed out by reviewer 3 is that patients with loss of FAM13B or knockout
mice do not have collagen-related phenotypes. The authors suggest that there may be
redundancy with other FAM134 family members that accounts for this. But Fig 3b shows
negligible effects of FGF on FAM134a or FAM134c. I am also not aware if FAM134a or FAM134c
have been shown to regulate ER-phagy. So this point raises concerns about the physiological
relevance of the proposed pathway.

7. The authors try to address point 6 by Medaka experiments. The point 4 of reviewer 3 raised
concerns about the validity of this model to some aspects of human bone biology. It also made
me worry that the authors have only used 1 morpholino to test their hypothesis and I am aware
that there has been much debate about the use of morpholinos in fish and how best to avoid off-
target effects. I would have thought that at least two oligonucleotides are required – I have
checked this now with an expert who has confirmed my concern and sent me this reference.
Ideally, one needs two different morpholinos and a rescue experiment. The control and p53
morpholinos are not sufficient to control for off-target effects. Apologies for not noticing this
important problem earlier. Key references addressing these issues are:

https://journals.plos.org/plosgenetics/article?id=10.1371/journal.pgen.1007000 
https://dev.biologists.org/content/135/10/1735.long

Reviewer #2 (Remarks to the Author):

The importance of this work remains high and merits publication, as described in my previous 
comments. Largely, the authors have addressed all my comments satisfactorily. Overall quality 
of the manuscript remains high.

I have only minor suggestions to be addressed before publication.

Minor points

1) The data presented in response to Reviewer 1 and Reviewer 2 in respect of the relative
regulation and function of the two FAM134B variants downstream of FGF18 should be included
in the manuscript dataset (nothing to be merely presented to the Reviewers in the rebuttal.) I do
think these data are an important corroboration of the role of both FAM134B isoforms in ER-
phagy; the authors' work builds upon the premise that this prior observation is wholly correct.

2) Reviewer 3, in point 3, raised an interesting philosophical point regarding measurement of
selective autophagy regulation. If upstream stimuli also increase general autophagy, how does
one determine whether upregulation of given selective autophagy molecule (e.g. FAM134B),
within this response, is quantitatively important in observed upregulation of a given selective
autophagy pathway, (e.g. ER-phagy)?



Firstly, it is important to stress that the data from the "EATR" style assay (i.e. Fig. 3e, EATR a.k.a. 
RAMP4-GFP-RFP), already showed that ER-phagy flux is indeed increased in response to FGF18 
and that this depends upon the ER-phagy (LC3-binding) activity of FAM134B. 

However, in response to this point of Reviewer 3 the authors now appear to have managed to 
dissect ER-phagy upregulation from general autophagy upregulation, providing evidence that 
TFEB knockout cells have no defect in general autophagy but have defective ER-phagy; they have 
done this, as requested, partly by extending the above EATR/RAMP4-GFP-RFP assays (Fig. 4h,i). 
This works, as long as one assumes that ER-phagy flux induced by FGF-18 is only a small overall 
proportion of total autophagy flux (as is likely the case). I am, however, surprised at the complete 
lack of effect of TFEB knockout on general autophagy. Provision of data corroborating this effect 
via complementary assays, such as biochemical measurement of lipidated LC3 or SQSTM1 flux, 
could consolidate this finding and give further confidence in these new data.

Reviewer #3 (Remarks to the Author):

I am very impressed by the extensive and thorough revision performed in response to my 
suggestions as well as other reviewers. From my point of view, the manuscript matured, acquired 
depth, strength and generality anticipated for NCB level. 

I am very satisfied with the experiments and clarifications in relation to my concerns and have one 
remaining comment related to my previous concern #5 and corresponding authors’ response. 

Please add the data for FAM134A and FAM134C into the manuscript (mentioned as “data not 
shown” in the rebuttal letter) and please mention the lack of phenotype in FAM134B KO mice and 
potential compensatory mechanisms in the discussion. I believe it is important for the readers to 
get a more complete picture of these regulatory processes in order not to overestimate the role of 
FAM134B. 

Thanks to the authors for making an exciting story.



Reviewer #1 (Remarks to the Author): 

The authors have done a lot of work to revise this paper. However, a number of key 
concerns remain. 1. I am still worried about the conceptual novelty – we know that TFEB induces 
autophagy, that FAM134B is important for

Authors' Response - Round 2 

ER-phagy and collagen homeostasis in relevant cells types, and that FGFs induce autophagy in 
such cells regulate collagen homeostasis. Settembre’s group showed that the effects of FGFs in this 
context were mediated via JNK and the links between JNK and IRS1 degradation-mTORC1 signalling 
are well known, as is the regulation of mTORC1 by TFEB. The regulation of FAM134 and ER-phagy by 
starvation which also activates TFEB has been described before. So this paper looks like it is tying 
together existing literature. 

(Response) While it is true that the role of FGF, TFEB and mTORC1 kinase in autophagy regulation, as 
well as of FAM134B in ER-phagy, were known, the mechanisms underlying the hierarchical participation 
of all of these molecules into a single pathway, which is activated by FGF signaling, during skeletal 
development is entirely new.  We meticulously and systematically characterized an entire and totally 
novel pathway from the upstream receptors at the plasma membrane to the downstream intracellular 
proteins and nuclear targets. Notably, our work shows for the first time that FGF signaling controls 
TFEB/TFE3 factors through an unanticipated regulation of Insulin signaling and that FAM134B is a direct 
TFEB target, in multiple cell lines and conditions. Hence, we showed that TFEB is not only involved in 
bulk autophagy, as already described, but it is also involved in the regulation of selective forms of 
autophagy. 

2. Are the effects of FGF signalling and the proposed downstream mediator on bulk autophagy or is there
truly a selectivity conferred by the induction of FAM134B? (Referee 3 point 3). This is important as the
FGF and TFEB axes are not novel by themselves as they are known autophagy inducers and the group
have previously described how FGF can stimulate autophagy and regulate collagen homeostasis. To
address this the authors have tried to show that autophagy is not affected in the TFEB/TFE3 knockout
cells – but this goes against much of the previous literature from this lab showing that TFEB is a master
transcriptional regulator of autophagy. I am concerned that the key data for this are in Fig 4i and Supp
7a. Supp 7a may be misleading as it does not assess flux and number of vesicles may simply increase
due to impaired lysosomal function in the knockout cells. Fig 4i uses an assay that may be risky as
they use FACS and do not count vesicles – I would not trust the FACS assay here at all – the numbers
of red-only and yellow vesicles need to be assessed per cell by microscopy. FACS will not assess
vesicles and will measure total cellular fluorescence. The authors need to consider that the flux that
needs to be assessed is essentially the number of red only vesicles per cell. The ratio is not that
informative for the question being addressed – what matters here is the amount of substrate being
delivered to lysosomes for degradation per unit time. This is a very important question and even if
the assay were performed properly by microscopy (not FACS), I would ask for the authors to assess
clearance of a non-ER autophagy substrate in the wild-type and TFEB/TFE3 knockout cells in response
to FGF. The mRFP-GFP-LC3 assay along with analyses of one or two non-ER autophagy substrates
would allow one to compare with the ER-phagy data and make an assessment whether there was a
selective component in this pathway regulates by FGF and TFEB, which is key for this study.

(Response) TFEB/TFE3 dKO cells showed down-regulation of TFEB-target genes transcription, including 
FAM134B, and reduced lysosomal function (suppl fig 5e). However, keeping in mind that the FGF is 
quite upstream in the signaling cascade it could still induce autophagy through multiple independent 
mechanisms, which do not necessarily involve TFEB activity, such as Beclin1 complex regulation (Cinque 
et al. 2015), inhibition of mTORC1 and AKT (this work), which controls autophagy through multiple 
downstream effectors.  Indeed, this is not surprising since there are several “TFEB-independent’ 
autophagy regulation mechanisms. As suggested by reviewer 2, we performed quantification of the red-
only vesicles by mCherry-GFP-LC3 tandem experiment and biochemical measurement of lipidated 
LC3 to consolidate this finding and give further confidence in these new data (Rebuttal Figure 1). The 
data clearly show that FGF still induce autophagosome biogenesis and autophagosome-lysosome 
fusion in TFEB/TFE3 knockouts cells.  



Figure 1: a. Representative immunofluorescence staining of mCherry-GFP-LC3 Tandem experiment 
assay in RCS with indicated genotypes, treated with vehicle (5% ABS) and FGF18 (50 ng/mL) for 12 
hours. Nuclei were stained with DAPI (blue). b. Bar graph shows quantification of mCherry+ vesicles/
cell (autolysosomes) and mCherry+/GFP+ vesicles/cell (autophagosomes). Mean +/- standard error of 
the mean (sem) of N=24 (veh), N=30 (FGF18), N=27 (TFEB;3KO veh), N= 33 (TFEB;3KO FGF18) cells.  
Student un-paired T-Test ***p<0.0005; **p<0.005. c. Western blot analysis of LC3 in RCS chondrocytes 
with indicated genotypes, treated with vehicle (5% ABS) and FGF18 (50 ng/mL) for 12h. BafA1 (200 nM; 
4 hours) was used to inhibit lysosome activity. β-actin was used as loading control. Blots are 
representative of N=5 independent experiments.  

3. Referee 1 comment 2. The degradation kinetics of IRS are not obviously affected by the JNK inhibitor –
about 50% is lost with/without the inhibitor compared to the starting amount in graph in rebuttal Fig 1. But
graph in Rebuttal fig. 1 and Supplementary fig 2b are different - see JNK inhibitor lanes. Which one is
correct?
(Response) The different graphs in Rebuttal fig.1 and supplementary figure 2b depend on the fact 
that additional experiments were performed in Supplementary and final fig2b. Of note, in all experiments 
performed we clearly showed that JNK inhibitor affects IRS1 phosphorylation at all time points of FGF18 
treatment, whereas at later time points induces an increase of total IRS1 levels (at 6h and 8h of FGF18 
treatment + JNK inhibitor compared to only FGF18-treated cells). 

4. What are the p values in the knockout cells in 4 d and h using t tests? We need to understand if these
are true negatives or not. I think t tests are appropriate here (as opposed to ANOVA) in order to make
the negative statement in the knockout cells – when I do this for the knockout cells in 4d I get highly
significant differences with the FGF treatment. Thus, to my eyes, the raw data in Figs 4d and 4e
suggest that FGF very clearly induces FAM134B in TFEB/TFE3 knockout cells, arguing against the
mechanism that is being proposed. Note that the graph in 4e looks wrong – the FGF induces FAM134B
quite clearly in both wild-type and knockout cells on the blot.

(Response) Figure 4d shows 8.5-fold increase in Fam134b mRNA levels in control cells treated with 
FGF18 compared to 2.4-fold increase in TFEB/TFE3dko cells. Even using a different statistical 
analysis, these differences remains highly significant.  Similarly, the blot figure 4e clearly shows a very 
strong impairment of FAM134B induction at protein level in TFEB/TFE3dko cells compared to control.  
The reviewer also argues that a different statistical test should have been used to analyze the data in 
figure 4e. The t-test compares the means between 2 samples, but if there are more than 2 conditions in 
an experiment an ANOVA is required. In these experiments we have 4 groups of samples, and by one-
way ANOVA analysis we took in account overall the significance of the experiment set, the variability 
internally the groups of samples and the variability between the groups. Hence, ANOVA analysis makes 
stronger the significance of the results. 

5. I could not find the raw data for Fig 4e or 4h and this may be missing for other figures too.
(Response) The data are in the excel file named Source data Cinque et. Al.



6. Another key problem pointed out by reviewer 3 is that patients with loss of FAM13B or knockout
mice do not have collagen-related phenotypes. The authors suggest that there may be redundancy with
other FAM134 family members that accounts for this. But Fig 3b shows negligible effects of FGF on
FAM134a or FAM134c. I am also not aware if FAM134a or FAM134c have been shown to regulate ER-
phagy. So this point raises concerns about the physiological relevance of the proposed pathway.

(Response) Reviewer 3 asked to comment the observations that FAM134B mutations in patients and 
mice do not seem to lead to a major skeletal phenotype. To our knowledge in depth studies in mice and 
humans have not been performed yet, so we have no clue whether they present skeletal alterations or 
not. We commented that the lack of phenotype could be due to the compensation by the other FAM134 
family members, given that other Fam134 proteins harbor a LIR and reticulon homology domains, 
interact with LC3 proteins, and are therefore likely to be functionally equivalent to FAM134B. Indeed a 
recent work demonstrated a role of FAM134A in ER-phagy regulation (Liang et al. Cell 2020). This 
compensation mechanism might occur when FAM134B loss-of-function mutations are 
present, independently of FGF. 

7. The authors try to address point 6 by Medaka experiments. The point 4 of reviewer 3 raised concerns
about the validity of this model to some aspects of human bone biology. It also made me worry that the
authors have only used 1 morpholino to test their hypothesis and I am aware that there has been much
debate about the use of morpholinos in fish and how best to avoid off-target effects. I would have thought
that at least two oligonucleotides are required – I have checked this now with an expert who has
confirmed my concern and sent me this reference. Ideally, one needs two different morpholinos and a
rescue experiment. The control and p53 morpholinos are not sufficient to control for off-target effects.
Apologies for not noticing this important problem earlier. Key references addressing
these issues are:
https://journals.plos.org/plosgenetics/article?id=10.1371/journal.pgen.1007000 
https://dev.biologists.org/content/135/10/1735.long 
(Response) Fish models represent a suitable in vivo model for the study of skeletal development and 
several skeletal dysplasia are studied using fish as model for Osteogenesis Imperfecta (Imke AK et al, J 
Bone Miner Res 2018; Gioia R, Hum Mol Genet 2017), Osteopetrosis (Thuy Than et al, Comp Biochem 
Physiol 2015) or Osteoporosis (Thuy Than et al, Development 2012), to cite some. As per reviewer 3 
request, we performed new additional experiments in Medaka fish to demonstrate the physiological 
relevance of our pathway. Reviewer 3 was fully satisfied with our experiments. 
As per reviewer request, we have performed rescue experiments. We injected an mRNA encoding for 
the human version of FAM134B tagged with HA. We verified the expression of the FAM134B-HA 
protein and observed complete rescue of both size and ossification of the Morphant fish demonstrating 
that the phenotype of MoFAM134B fish was due to the lack of FAM134B (Rebuttal Figure 2).   

Figure 2: a. Western blot analysis of HA-tag from a pool of medaka fish embryos injected with scramble or 
injected with 



mRNA produced from human HA-FAM134B pcdna3.1(+). β-actin was used as loading control. b. Bar 
graphs show quantification of total length and head size of medaka fish model of Fam134bmo and 
mRNA-injected Fam134bmo expressed as % relative to the scramble. Mean +/- standard error of the 
mean (sem) of at least least n=8 fish per genotype. Student un-paired T-Test *p<0.05; ns, not significant. 
c,d. Bar graphs show quantification of Alcian blue (cartilage) (c) and Alizarin Red (bone) (d) staining of 
Fam134bmo and mRNA-injected Fam134bmo. Ethmoid plate (EP), Palatoquadrate (PQ), Ceratohyal 
(CH), Paired Prootics (PO), Ceretobranchials 1 to 5 (CB1 to CB5) cartilage length (c) and bone 
mineralization (d) were evaluated. Values were expressed as % relative to the scramble (100% red 
dotted line).  Mean +/- standard error of the mean (sem) of at least n=6 fish/genotype. Student un-paired 
T-Test *p<0.05; **p<0.005; ***p<0.0005 for comparison between Fam134bmo and mRNA-injected
Fam134bmo Medaka.

Reviewer #2 (Remarks to the Author): 

The importance of this work remains high and merits publication, as described in my previous 
comments. Largely, the authors have addressed all my comments satisfactorily. Overall quality 
of the manuscript remains high. 

I have only minor suggestions to be addressed before publication. 

Minor points 

1) The data presented in response to Reviewer 1 and Reviewer 2 in respect of the relative regulation and
function of the two FAM134B variants downstream of FGF18 should be included in the manuscript
dataset (nothing to be merely presented to the Reviewers in the rebuttal.) I do think these data are an
important corroboration of the role of both FAM134B isoforms in ER-phagy; the authors' work builds
upon the premise that this prior observation is wholly correct.

(Response) The data have now been included in the manuscript (Supplementary figure 7d,e). 

2) Reviewer 3, in point 3, raised an interesting philosophical point regarding measurement of
selective autophagy regulation. If upstream stimuli also increase general autophagy, how does one
determine whether upregulation of given selective autophagy molecule (e.g. FAM134B), within this
response, is quantitatively important in observed upregulation of a given selective autophagy pathway,
(e.g. ER-phagy)?
Firstly, it is important to stress that the data from the "EATR" style assay (i.e. Fig. 3e, EATR a.k.a.
RAMP4-GFP-RFP), already showed that ER-phagy flux is indeed increased in response to FGF18 and
that this depends upon the ER-phagy (LC3-binding) activity of FAM134B.
However, in response to this point of Reviewer 3 the authors now appear to have managed to
dissect ER-phagy upregulation from general autophagy upregulation, providing evidence that TFEB
knockout cells have no defect in general autophagy but have defective ER-phagy; they have done this, as
requested, partly by extending the above EATR/RAMP4-GFP-RFP assays (Fig. 4h,i). This works, as long
as one assumes that ER-phagy flux induced by FGF-18 is only a small overall proportion of total
autophagy flux (as is likely the case). I am, however, surprised at the complete lack of effect of TFEB
knockout on general autophagy. Provision of data corroborating this effect via complementary assays,
such as biochemical measurement of lipidated LC3 or SQSTM1 flux, could consolidate this finding and
give further confidence in these new data.

(Response) TFEB/TFE3 dKO cells showed down-regulation of TFEB-target genes transcription and 
reduced lysosomal function (suppl fig 5e). However, keeping in mind that the FGF is quite upstream in 
the signaling cascade it could still induce autophagy through multiple independent mechanisms, which 
do not necessarily involve TFEB activity, such as Beclin1 complex regulation (Cinque et al. 2015), 
inhibition of mTORC1 and AKT (this work), which control autophagy through multiple downstream 
effectors.  Since the discovery of TFEB, we made similar observations multiple times, as there are 
several “TFEB-independent’ autophagy regulation mechanisms. As suggested by reviewer 2, we 
performed quantification of the red-only vesicles by mCherry-GFP-LC3 tandem experiment and 
biochemical measurement of lipidated LC3 to consolidate this finding and give further confidence in these 
new data. The data clearly show that FGF still induce autophagosome biogenesis and autophagosome-
lysosome fusion in TFEB/TFE3 knockouts cells (see Rebuttal Figure 1).  



Reviewer #3 (Remarks to the Author): 

I am very impressed by the extensive and thorough revision performed in response to my suggestions 
as well as other reviewers. From my point of view, the manuscript matured, acquired depth, strength and 
generality anticipated for NCB level.  

I am very satisfied with the experiments and clarifications in relation to my concerns and have one 
remaining comment related to my previous concern #5 and 
corresponding authors’ response. 

Please add the data for FAM134A and FAM134C into the manuscript (mentioned as “data not shown” in 
the rebuttal letter) and please mention the lack of phenotype in FAM134B KO mice and potential 
compensatory mechanisms in the discussion. I believe it is important for the readers to get a more 
complete picture of these regulatory processes in order not to overestimate the role of FAM134B. 

We have currently an ongoing project on the role of other FAM134 family members in the regulation of 
ER-phagy and for this reason we kindly ask to not include these data in the manuscript.  

Thanks to the authors for making an exciting story. 



2nd Jun 20201st Editorial Decision - The EMBO Journal

Thank you for submit t ing your manuscript ent it led "MiT/TFE factors cont rol ER-phagy via t ranscript ional regulat ion 
of FAM134B" [EMBOJ-2020-105696] to The EMBO Journal. I have discussed it and the exist ing referees' reports 
with the editorial team and also sought advice from a good expert in the field. 

The external advisor concurs with us on the general interest of your findings and supports publicat ion of the study in 
its present form. Given this opinion from a t rusted expert in the field, we are offering to pursue publicat ion of your 
manuscript here, condit ioned to text edit ing and clarificat ion of some editorial issues. 

Our external advisor states "I agree that more research is needed to determine whether the observed ER-phagy is 
part of the general autophagy pathway, however this in my mind should be the subject of future studies" Therefore, I 
would ask you to discuss this point in the manuscript . 

We are now performing rout ine pre-acceptance checks on the manuscript and I will get back to you short ly with a list 
of points that need to be addressed before we can formally accept your work. 

Thank you for giving us the chance to consider your manuscript for publicat ion in The EMBO Journal. Please feel free 
to contact me should you have any further quest ions. 

Authors' Response to The EMBO Journal 13th Jun 2020

Please find below a point by point response to the requests that were listed in your previous 

communications. 

external advisor->  I agree that more research is needed to determine whether the observed ER-phagy is 
part of the general autophagy pathway, however this in my mind should be the subject of future studies" 

We have included the following statement in the discussion section: “Future studies will be needed to 

investigate whether additional autophagy substrates are delivered to lysosomes through similar mechanisms, 

or whether ER-phagy is part of the general autophagy pathway”. 

18th Jun 20202nd Editorial Decision - The EMBO Journal

I am pleased to inform you that your manuscript has been accept ed for publicat ion in The EMBO Journal. 

Congrat ulat ions! 
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1.b. For animal studies, include a statement about sample size estimate even if no statistical methods were used.
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established?
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4.b. For animal studies, include a statement about blinding even if no blinding was done

5. For every figure, are statistical tests justified as appropriate?

Do the data meet the assumptions of the tests (e.g., normal distribution)? Describe any methods used to assess it.

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

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

Reporting Checklist For Life Sciences Articles (Rev. June 2017)

This checklist is used to ensure good reporting standards and to improve the reproducibility of published results. These guidelines are 
consistent with the Principles and Guidelines for Reporting Preclinical Research issued by the NIH in 2014. Please follow the journal’s 
authorship guidelines in preparing your manuscript.  

PLEASE NOTE THAT THIS CHECKLIST WILL BE PUBLISHED ALONGSIDE YOUR PAPER

Journal Submitted to: EMBO Journal
Corresponding Author Name: Carmine Settembre

YOU MUST COMPLETE ALL CELLS WITH A PINK BACKGROUND ê

C- Reagents

B- Statistics and general methods

the assay(s) and method(s) used to carry out the reported observations and measurements 
an explicit mention of the biological and chemical entity(ies) that are being measured.
an explicit mention of the biological and chemical entity(ies) that are altered/varied/perturbed in a controlled manner.

a statement of how many times the experiment shown was independently replicated in the laboratory.

Any descriptions too long for the figure legend should be included in the methods section and/or with the source data.

 

In the pink boxes below, please ensure that the answers to the following questions are reported in the manuscript itself. 
Every question should be answered. If the question is not relevant to your research, please write NA (non applicable).  
We encourage you to include a specific subsection in the methods section for statistics, reagents, animal models and human 
subjects.  

definitions of statistical methods and measures:

a description of the sample collection allowing the reader to understand whether the samples represent technical or 
biological replicates (including how many animals, litters, cultures, etc.).

The data shown in figures should satisfy the following conditions:

Source Data should be included to report the data underlying graphs. Please follow the guidelines set out in the author ship 
guidelines on Data Presentation.

Please fill out these boxes ê (Do not worry if you cannot see all your text once you press return)

a specification of the experimental system investigated (eg cell line, species name).

A minimum number of three independent experiments was performed in order to reach a 
significant sample size and reproducibility of the data. 

graphs include clearly labeled error bars for independent experiments and sample sizes. Unless justified, error bars should 
not be shown for technical replicates.
if n< 5, the individual data points from each experiment should be plotted and any statistical test employed should be 
justified

the exact sample size (n) for each experimental group/condition, given as a number, not a range;

Each figure caption should contain the following information, for each panel where they are relevant:

2. Captions

For animal studies a minimum number of five samples were included to have statistical 
significance of the results.

Animals were included by genotype and age. No differences were applied to the sex gender. No 
data were excluded from the analyses.

No randomization was applied in the animal experiments. Samples were divided in groups 
according to their genotype and/or treatments.

Manuscript Number: 

The Student's T-test was used to compare the means between 2 samples, but if there were more 
than 2 conditions in an experiment an one-way ANOVA test was used. The appropriate statistical 
test used was specified in the figure legend for each data. 

Yes.

No.

Yes.

No randomization was performed in the study. In the statistical analyses, groups were divided by 
genotype and/or treatment.

The investigators were not blinded to group allocation during data collection and/or analysis. 

The investigators were not blinded to group allocation during data collection and/or analysis. 

1. Data

the data were obtained and processed according to the field’s best practice and are presented to reflect the results of the 
experiments in an accurate and unbiased manner.
figure panels include only data points, measurements or observations that can be compared to each other in a scientifically 
meaningful way.



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).

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

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

8. Report species, strain, gender, age of animals and genetic modification status where applicable. Please detail housing 
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 
committee(s) approving the experiments.

10. We recommend consulting the ARRIVE guidelines (see link list at top right) (PLoS Biol. 8(6), e1000412, 2010) to ensure 
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.

12. Include a statement confirming that informed consent was obtained from all subjects and that the experiments 
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.

14. Report any restrictions on the availability (and/or on the use) of human data or samples.

15. Report the clinical trial registration number (at ClinicalTrials.gov or equivalent), where applicable.

16. For phase II and III randomized controlled trials, please refer to the CONSORT flow diagram (see link list at top right) 
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 
top right). See author guidelines, under ‘Reporting Guidelines’. Please confirm you have followed these guidelines.

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

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).
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.

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.

D- Animal Models

E- Human Subjects

RCS cells were a Swarm Rat Chondrosarcoma chondrocyte line. HeLa cell line was an epithelial 
adenocarcinoma line.U2OS cell line was an osteosarcoma osteoblast line. MEFs cell line was a 
mouse embryonic fibroblasts line. The authentication procedure are available at King KB. et al, JCB 
2003; 89 (5) 992-1004 (RCS cells); Nezich et al, J. Cell Biol. 210, 435–450 (2015) (HeLa cells); 
Khaminets, A. et al., Nature 522, 354–358 (2015) (U2OS and MEFs cells). All cell lines were tested 
and negative for Mycoplasma contamination. 

Immunofluorescence: Lamp1 Abcam ab24170 ; CLIMP63 Proteintech 16686-1-AP ; HA BioLegend 
901501 ; p-IRS1 Merck 05-1087 ; IRS1 Cell Signaling Technology 2390 ; p-S6 Ribosomal protein Cell 
Signaling Technology 5364S ; TFEB MyBioSource MBS120432 ; TFE3 Sigma-Aldrich HPA023881.
Immuno-EM: GFP Abcam AB 290-50.
Western Blot: IRS1 Cell Signaling Technology 2390 ; phospho-P70S6K Cell Signaling Technology 
9234S ; P70S6K Cell Signaling Technology 9202S ; phospho-AKT Cell Signaling Technology 4056 
(T308) - 4060 (S473) ; AKT Cell Signaling Technology 9272 ;  phospho-cJUN Cell Signaling 
Technology 2361S ; cJUN Cell Signaling Technology 9165 ; Beta-actin Novus Biologicals NB600-501 
; Fam134b Sigma-Aldrich HPA012077 ; FGFR1 Cell Signaling Technology 9740S ; FGFR3 Cell 
Signaling Technology 4574S ; FGFR4 Cell Signaling Technology 8562S ; FGFR2 Cell Signaling 
Technology 11835S ; TFEB Bethyl Laboratories A303-673A ; TFE3 Sigma-Aldrich HPA023881 ; 
p62/SQSTM1 Abnova H00008878; Beta-tubulin Sigma T8660 ; phospho-S6 Ribosomal protein Cell 
Signaling Technology 5364S ; S6 Ribosomal protein Cell Signaling Technology 2217S ; phospho-
4EBP1 Cell Signaling Technology 9451P ; 4EBP1 Cell Signaling Technology 9644S ; phospho-TFEB 
S142 ABE1971 EMD Millipore ; ATG9A Acris Antibodies AP26284PU-N. Transfected  human TFEB 
was detected with human specific TFEB antibody Cell Signaling Technology BL12896_15. All 
antibodies in the study were commercially available and validated by the manufacturer's 

Laboratory animals used were the Cab-strain of wild type medaka fish embryos (Oryzias latipes) 
and Fgfr3KO;Fgfr4KO C57BL/6 mouse line. Medaka fish emrbyos were analyzed at stage 40 post 
fertilization, no gender difference was applied. Samples were divided by treatments. Fgfr3:Fgfr4KO 
mice were analysed at day 8 and day 30 post natal. No gender difference was applied. Samples 
were sorted and analysed by genotype. The Cab-strain of wild type medaka fish (Oryzias latipes) 
was maintained following standard conditions (i.e., 12 h/12 h dark/light conditions at 27 °C). 
The Fgfr3KO;Fgfr4KO C57BL/6 mouse line was maintained following standard conditions (i.e. 12 
h/12 h dark/light conditions at 22 °C, room humidity 55%). 
All studies on fish and mouse were conducted in strict accordance with the Institutional Guidelines 
for animal research and approved by the Italian Ministry of Health; Department of Public Health, 
Animal Health, Nutrition, and Food Safety in accordance to the law on animal experimentation 
(D.Lgs. 26/2014). Furthermore, all animal treatments were reviewed and approved in advance by 
the Ethics Committee at the TIGEM Institute, (Pozzuoli, NA), Italy.

Compliance is confirmed.

G- Dual use research of concern

F- Data Accessibility

NA

NA

NA

NA

NA

NA

NA

 NA

The Proteomic data that support the findings of this study have been deposited in PRIDE under 
accession code PXD015326,PXD015331 and PXD015130.
The QuantSeq data that support the findings of this study have been deposited in Gene Expression 
Omnibus (GEO) under accession code GSE120516.

NA

NA

NA
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