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NPC1 controls TGFBR1 stability in a cholesterol transport-
independent manner and promotes hepatocellular carcinoma
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            
       






































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Dear Editor, 

Thank you for giving us the opportunity to response the reviewers comments point by 
point, on our manuscript (ID: NCOMMS-23-61307A  NPC1 controls 
TGFBR1 stability in a cholesterol transport-independent manner and promotes 
hepatocellular carcinoma progression      Nature 
Communications. We appreciate very much the invaluable comments and suggestions 
from reviewers and editors. Thus, heartfelt thanks to you and the reviewers for the great 
effort and long-time put into the review of the manuscript. I promise, each comment or 
suggestion has been carefully considered and responded point by point. Responses to 
the reviewers and changes in the revised manuscript are described as follows. 

 

Reviewer #1  

In this paper, Li et al. found that NPC1 expression is up-regulated in Hepatocellular 
Carcinoma (HCC), correlating with poor prognosis. They then used stable 
overexpression and knockdown HCC cellular models to show that NPC1 expression 
impacts proliferation and migration of different HCC cell lines. These findings confirm 
results from a study that came out very recently (PMID: 38042211; this study should 
be cited). Subsequent proteomics analysis allowed them to reveal a link between NPC1 
expression and the TGF-    -    -
independent manner. Mechanistically, the authors find an intriguing interaction 
between NPC1 and TGF-        

ubiquitylation mediated by SMAD7/SMURFs. 
Finally, in vivo mouse models including generation of liver-specific Npc1cKO mice 
are used to confirm a role for NPC1 in TGF- -mediated oncogenicity in HCC. 
 
Although their findings are interesting, mechanistically speaking is not clear how NPC1, 
which resides in endolysosomes, may be acting to influence TGF-  
work has shown that TGF-          
pathway (PMID: 19050695) and that TGF-       
authors should discuss more on this topic and in relation to what NPC1 may be doing 
in this context according to their data. 
 
Altogether, I would recommend this work for publication if the authors address the 
following comments, which will further support their findings: 
 
Major comments: 
 
Q1: In lines 231-        

           

protein therefore, the authors need to show clear co-localization with TGFBR1 in 



this compartment, under both NPC1 over-expression and knockdown conditions. 
Images in Fig. 5c and Extended Fig. 5b are not convincing. Does stimulation of 
cells with TGF-        -localization 
should also be quantified. These data will further support their model.  
A1: Thank you for your insightful suggestion. We completely agree on the need to 
clearly demonstrate the co-localization of NPC1 with TGFBR1. In response, we 
performed additional experiments to assess the subcellular localization of the NPC1-
TGFBR1 complex. 

          

         

        

         

        

           

           

       

 

 



         

           

          

        

Supplementary Fig. 5b, HepG2 cells stably expressing TGFBR1-mCherry-His were 

immunostained with antibodies against NPC1 and LAMP1 to determine the colocalization 

among TGFBR1, NPC1 and LAMP1 in HepG2 cells. 

Supplementary Fig. 5c, HepG2 cells stably expressing TGFBR1-mCherry-His and Caveolin-

1 (CAV1)-Myc were immunostained with antibodies against Myc and LAMP1 to determine 

the colocalization among TGFBR1, CAV1 and LAMP1 in HepG2 cells.  

Supplementary Fig. 5d-e, HepG2 cells stably expressing TGFBR1-mCherry-His were 

immunostained with antibodies against RAB5(d)/RAB11(e) and LAMP1 to determine the 

colocalization among TGFBR1, RAB5/ RAB11 and LAMP1 in HepG2 cells. 

Supplementary Fig. 5f, Quantification of the colocalization between these four proteins 

(LAMP1, CAV1, RAB5 and RAB11) and      

Representative images from three independent experiments       Data 

are presented as the mean ± s.e.m. Statistical significance was determined by two-tailed 

  -test. 

 
         

          

     . 

 

         

           

       

   PLC/PRF/5 cells stably overexpressing TGFBR1-mCherry-His and 

HA-tag were immunostained with antibodies against NPC1 and LAMP1 to determine the 

colocalization among TGFBR1, NPC1 and LAMP1 in PLC/PRF/5 cells.  

   Quantification of the colocalization between TGFBR1 and LAMP1 



          . 

   HepG2 cells stably expressing TGFBR1-mCherry-His were 

immunostained with antibodies against NPC1 and LAMP1 to determine the colocalization 

among TGFBR1, NPC1 and LAMP1 in HepG2 cells. 

      

           

        

          

           

Representative images from three independent experiments       Data 

are presented as the mean ± s.e.m. Statistical significance was determined by two-tailed 

  -test. 
 

To further explore the dynamics of TGFBR1 localization, we examined 
PLC/PRF/5 (TGFBR1-mCherry-His) cells both with and without TGF-1 stimulation. 
We used anti-NPC1 and anti-LAMP1 antibodies to quantify the co-localization 
between TGFBR1 and LAMP1 under these conditions. Our data show that TGFBR1-
NPC1 remains localized to lysosomes regardless of TGF-1 stimulation, with no 
significant difference in the co-localization coefficient between stimulated and 
unstimulated groups (Below Panel A, B).      
            

          

              

         

             

          

           

     

 

Legend: (A) PLC/PRF/5 cells stably expressing TGFBR1-mCherry-His with or without TGF-

             

NPC1 and then imaged by Structure Illumination Microscopy to determine the colocalization 

among TGFBR1, LAMP1 and NPC1 in indicated cells. The images were collected through the 



Polar-SIM system (Airy Technology Co., Ltd., China). A 488 nm (or 640) laser were used to 

excite rabbit Alexa Fluor 488 (or mouse Alexa Fluor 633) with 2DSIM modality. The SIM 

reconstruction process was conducted using the Airy-SIM software with pre-processing (Dark) 

or post processing (MRA); Scale bar, 10 µm. (B) Quantification of the colocalization between 

       Representative images from three 

independent experiments       Data are presented as the mean ± s.e.m.

Statistical significance was determined by two-   -test. 
 

Q2: Is sustained TGF-     -expression 
conditions? Previous work showed a role for endolysosomal ESCRT in TGF-
receptor down-regulation (PMCID: PMC7615189). Can authors provide 
dynamics of TGF-    ) under NPC1 over-
expression? 
A2: Thank you for your important question. To investigate the impact of NPC1 on TGF-
 signaling dynamics, we conducted time course experiments in PLC/PRF/5 cells 
following the experimental design outlined in the paper you mentioned8. Under 
conditions of NPC1 overexpression, we observed sustained SMAD2 phosphorylation 
over a 24-hour period, whereas the control cells showed attenuation of the signal 
(Below Panel, Revised Supplementary Fig. 4e). These findings suggest that NPC1 
overexpression leads to prolonged TGF- signaling, likely due to impaired receptor 
down-regulation. 

 

   PLC/PRF/5 cells with stable overexpression of NPC1 were stimulated 

with TGF-         -SMAD2, SMAD2, TGFBR1 and 

NPC1 were assayed by western blot. Data are presented as the mean ± s.e.m. of three 

independent experiments. Statistical significance was determined by two-tailed unpaired 

Students t-test. 

 
Q3: Importantly, the authors should indicate relative mobility of molecular weight 
markers (in kDa) in ALL their immunoblots. 
A3: Thank you for your suggestion. We have revised our immunoblots to include the 
relative mobility of molecular weight markers (in kDa) in all figures, as you 
recommended. We appreciate your attention to detail and believe this change will 
enhance the clarity and accuracy of our data presentation. 
 
Q4: The authors use MCD to investigate the role of cholesterol in relation to the 



TGF- pathway. They should rather use U18666A which specifically inhibits 
NPC1-mediated cholesterol transport. Indeed, the authors should remove the 
claim (in Line 394) that U18666A is not a specific inhibitor of NPC1 and cite PMID: 
26646182. 
A4: Thank you for your valuable suggestion. As per your recommendation, we treated 
cells with U18666A at various concentrations to assess its effects on the TGF- 
pathway. Our results revealed that U18666A treatment did not alter TGFBR1 levels or 
downstream p-SMAD2 levels, consistent with our findings using MCD (Below Panel, 
Revised Supplementary Fig. 3i-l). 

We acknowledge the reference you provided, which identifies NPC1 as a primary 
target of U18666A9. However, our original statement in the manuscript was based on 
reports indicating that U18666A can inhibit additional proteins involved in cholesterol 
biosynthesis, as noted in earlier literature10. We have updated the manuscript to clarify 
that while U18666A is a widely used inhibitor of NPC1, it may also have broader 
effects on cholesterol-related pathways. 

Our findings with both U18666A and MCD suggest that NPC1s regulation of 
the TGF- pathway occurs independently of its cholesterol transport function, 
supporting our conclusion that cholesterol modulation does not significantly impact 
TGF- signaling under these conditions. 

 
Supplementary Fig. 3i-l,       (i) or U18666A (k), then 

analyzed by western blot to measure whole cell expression of TGFBR1 or the activity of TGF-

     i, k) were fixed and stained with filipin to label free cholesterol 

accumulated in LE/Ly. Representative images from three independent experiments are shown; 

   . 

 
Q5: Degradation of TGFBR1 is mediated by both proteasomal and lysosomal 
pathways; while the authors show blots of the effect of MG132 (proteasomal 



inhibitor) and NH4Cl (lysosomal inhibitor), quantitation (from different 
independent experiments) of these immunoblots blots should be plotted. 
A5: Thank you for your valuable suggestion. In response, we have quantified the effects 
of MG132 (proteasomal inhibitor) and NH4Cl (lysosomal inhibitor) on TGFBR1 
degradation. Statistical analyses of these immunoblots, derived from independent 
experiments, are now presented in the Revised Figure 4e and Supplementary Figure 4d 
(Below Panel). 

In line with the description in our original manuscript, these quantitative results 
confirm that TGFBR1 degradation is mediated primarily through the proteasomal 
pathway. Specifically, we observed a significant elevation in TGFBR1 protein levels 
following treatment with MG132, whereas no substantial increase was noted with 
NH4Cl in HepG2 and PLC/PRF/5 cells with stable NPC1 knockdown. These findings 
suggest that NPC1 promotes the TGF- pathway by preventing proteasome-mediated 
TGFBR1 degradation, which has now been further supported by the statistical 
quantification added to the revised figures. 

 
Fig. 4e, HepG2 cells with or without stable knockdown of NPC1 were treated with vehicle, 

    4Cl (10 mM) for 12 hours. Cell lysates were subjected to immunoblot 

with TGFBR1 or NPC1 antibody. 

Supplementary Fig. 4d, PLC/PRF/5 cells with or without stable knockdown of NPC1 were 

       4Cl (10 mM) for 12 hours. Cell lysates were 

subjected to immunoblot with TGFBR1 or NPC1 antibody. 

Data are presented as the mean ± s.e.m. of three independent experiments. Statistical 

significance was determined by two-   -test 

 
 
Minor comments: 
 
Q6: Immunoprecipitations do not imply direct binding; therefore the authors 
should remove the claim that NPC1 and TGFBR1 directly interact. 
A6: Thank you for your suggestion. We totally agree that immunoprecipitation does 
not confirm direct binding between NPC1 and TGFBR1. In light of this, we have 
revised the manuscript to remove any claims of a direct interaction. 
 
Q7: Authors should cite relevant work in relation to the role of NPC1 in cell 
migration: 
PMID: 24746815, PMID: 35022465. 



A7: Thank you for suggesting the inclusion of relevant citations. We have now cited 
the recommended studies (PMID: 24746815, PMID: 35022465) in our manuscript to 
appropriately reference the role of NPC1 in cell migration. We appreciate your 
guidance in ensuring that our manuscript is well-supported by existing literature. 
 
Q8: Results shown in Fig 3 g should be better explained in the manuscript. 
A8: Thank you for your comment. We agree that the results in Figure 3g require further 
explanation for clarity. To assess the cholesterol transport activity in our NPC1 
constructs, we employed Filipin III staining, a widely accepted fluorescent probe that 
specifically binds to unesterified cholesterol in fixed cells11. This method allows us to 
visually assess cholesterol accumulation as an indicator of impaired transport function. 
As shown in Figure 3g, NPC1 knockdown resulted in a significant accumulation of 
cholesterol within the cells, as expected. Upon re-expression of wild-type NPC1, which 
has intact cholesterol transport function, we observed a rescue of the cholesterol 
accumulation phenotype, with levels returning to normal. However, when cells were 
re-expressed with the P691S mutant NPC1, which is known to lack cholesterol transport 
activity12,13, cholesterol remained accumulated, confirming that this mutant construct 
does not restore transport function. 

 
Fig. 3g, NPC1-knockdown HepG2 cells with further overexpression of NPC1 or NPC1 (P691S) 

 were fixed and stained with filipin to label free cholesterol accumulated in LE/Ly. 

            

 

Q9: In lines 304-307 the authors comment on serum lipid/lipopotein content of 
         

high-density lipoprotein cholesterol (HDL-C), low-density lipoprotein cholesterol 
(LDL-C) and very low-density lipoprotein (VLDL) were all found to be lower in 
      
The authors should better explain these findings in relation to the NPC1-
cholesterol-SREBP axis, which regulates transcription of multiple genes related to 
lipid metabolism and LDLR trafficking. 
A9: Thank you for your insightful suggestion. In response, we conducted additional 
experiments to further investigate the role of NPC1 in different HCC models. 
Specifically, we crossed CreAlbNpc1F/F mice with H11-CAG-LSL-Myc mice to generate 
homozygous Npc1 knockout CreAlbNpc1F/FMyc mice (Below Panel, Revised Fig. 7j). 
Liver cancer spontaneously developed in 6- to 8-week-old CreAlbMyc mice, and we 
observed that knockout of Npc1 significantly reduced tumor sizes and weights (Below 
Panel, Revised Fig. 7k-m and Revised Supplementary Fig. 7k). In this MYC-driven 
HCC model, we also evaluated the same markers as in the DEN-CCl4 model and 



reached the same conclusion, namely, that hepatic Npc1 knockout inhibits TGF- 
signaling and MYC-driven HCC progression (Below Panel, Revised Fig.7 n, o and 
Revised Supplementary Fig. 7l-q). 
 

 
Fig. 7j, Scheme used to establish the model of spontaneous HCC with targeted Myc knock-in 

and Npc1 knockout in the liver.  

Fig. 7k, Representative images of CreAlbMyc and CreAlbNpc1F/FMyc mouse livers with HCC. 

Fig. 7l, liver to boy weight ratio (n = 5) in the indicated mice.  

Fig. 7m, Representative H&E staining images of the indicated mouse livers. Scale bars: left 

     

Supplementary Fig. 7k, liver weight of CreAlbMyc and CreAlbNpc1F/FMyc mice (n = 5). 

Fig. 7n, Representative IHC staining images of EpCAM, GPR78 and Cytokeratin19 of the 

indicated mouse livers. Scale     

Fig. 7o, TGFBR1, p-SMAD2, SMAD2, and NPC1 protein expression in WT, CreAlbMyc and 

CreAlbNpc1F/FMyc mouse liver tissues.  

Supplementary Fig. 7l, Representative reticulin staining images of the indicated mouse livers. 



         

Supplementary Fig. 7m, Representative IHC staining images of Ki67 in the indicated mouse 

         

Supplementary Fig. 7n, Quantification of Ki67 staining in the indicated mouse livers (n = 8). 

Supplementary Fig. 7o-q, Analysis of serum ALT (o), AST (p) and TBIL (q) levels in WT, 

CreAlbMyc and CreAlbNpc1F/FMyc mice (n = 6). 

Data are presented as means ± s.e.m. Statistical significance was determined by two-tailed 

  -test. 

 
Our manuscript aims to highlight the novel role of NPC1 in regulating HCC 

progression, independent of its cholesterol transport function. However, as you noted, 
the NPC1-cholesterol-SREBP axis plays a well-established role in lipid metabolism. 

In response to your concerns, we have reanalyzed the impact of Npc1 knockout on 
lipid metabolism and the SREBP pathway in both the DEN-CCl4 induced and MYC-
driven HCC models. The data demonstrate that Npc1 deficiency influences serum and 
liver lipid and modulates key proteins in the SREBP pathway, though its effects on 
HCC progression appear to extend beyond cholesterol metabolism (Below Panel A-L). 

In the DEN-CCl4-induced HCC model: Oil Red O staining revealed increased lipid 
accumulation in HCC livers, which diminished after Npc1 knockout (Below Panel A). 
Liver CHOL and TG levels were elevated in HCC, with TG levels decreasing after 
Npc1 knockout, while liver CHOL levels remained unchanged (Below Panel B, C). 
Serum CHOL and TG levels were elevated in HCC mice but significantly reduced after 
Npc1 knockout (Below Panel D, E).  

In the MYC-driven HCC model: Oil Red O staining revealed no significant 
difference across groups (Below Panel G). Liver CHOL levels increased further after 
Npc1 knockout, in contrast to the DEN-CCl4 model, where CHOL levels were 
unaffected (Below Panel H). Liver TG levels showed no significant difference across 
groups (Below Panel I). Serum TG levels were elevated in HCC but reduced after Npc1 
knockout, while serum CHOL remained unchanged (Below Panel J, K). These findings 
suggest that NPC1 loss has differential effects on lipid metabolism in the two HCC 
models, indicating variations in the regulation of cholesterol homeostasis. 

To further clarify the relationship between NPC1 and lipid metabolism, we 
investigated the SREBP2 pathway in both models: 

In the DEN-CCl4 model: Cleaved SREBP2 was downregulated in HCC but 
restored after Npc1 knockout. LDLR and HMGCS1, both SREBP2 targets, were 
downregulated in HCC and upregulated after Npc1 knockout. A similar trend was 
observed for ABCG5 and ABCG8, which regulate cholesterol efflux to the intestinal 
lumen and bile ducts. HMGCR, the rate-limiting enzyme in cholesterol biosynthesis, 
was upregulated in HCC but did not change after Npc1 knockout (Below Panel F).  

In the MYC-driven model: SREBP2 and HMGCS1 were upregulated in HCC, 
with no significant change after Npc1 knockout. LDLR and ABCG8 showed a similar 
pattern to the DEN-CCl4 model, decreasing in HCC and increasing after Npc1 knockout. 
Interestingly, HMGCR levels were unaffected by Npc1 knockout in both models, 
suggesting post-translational regulation of this key enzyme. This observation indicates 



that cholesterol biosynthesis may be regulated through multiple feedback mechanisms 
that fine-tune its activity independent of SREBP2-driven transcription (Below Panel L). 

Taken together, our results underscore that while NPC1 plays a well-defined role 
in cholesterol transport and metabolism, its contribution to HCC progression extends 
beyond this pathway. Npc1 deficiency alters lipid metabolism through the SREBP2 axis, 
but the lack of change in HMGCR in both models highlights the complexity of 
cholesterol regulation in HCC. Additionally, the persistent elevation of liver cholesterol 
in MYC-driven HCC following Npc1 knockout further supports our hypothesis that 
NPC1's role in HCC is not solely reliant on its cholesterol transport function. 

These findings align with recent studies suggesting that cholesterol homeostasis is 
tightly regulated by multiple layers of control, including transcriptional and post-
translational mechanisms14. However, our work emphasizes the cholesterol-
independent roles of NPC1 in HCC progression, through pathways involving TGF- 
signaling. 

We hope this expanded discussion provides a more nuanced explanation of the 
NPC1-cholesterol-SREBP axis while emphasizing our key finding that NPC1 promotes 
HCC independently of its cholesterol transport function, a novel aspect of our study. 



 

      Npc1        

        A, Oil Red O staining in the 

indicated mouse livers     B, C, Analysis of liver cholesterol (CHOL) and 

triglyceride (TG) in indicated     D, E, Analysis of serum cholesterol (TC) and 

triglyceride (TG) levels in normal Npc1F/F (n = 3), Npc1F/F (n = 4) and CreAlbNpc1F/F (n = 5) 

mice with DEN-CCl4 induced HCC. F, Western blot analysis of liver tissues from the indicated 

mice (n = 3). G, Oil Red O staining in the indicated mouse livers     H, I, 

Analysis of liver cholesterol (CHOL) and triglyceride (TG) in indicated     J, K, 

Analysis of serum cholesterol (TC) and triglyceride (TG) levels in WT, CreAlbMyc and 

CreAlbNpc1F/FMyc mice (n = 4). L, Western blot analysis of liver tissues from the indicated mice 



(n = 3). Data are presented as the mean ± s.e.m. Statistical significance was determined by two-

   -test. 

 
Q10: Please check for English grammar and typos throughout the text: For 
              

     
A10: Thank you for pointing out the specific grammatical issue in Line 150 and for 
highlighting the importance of checking the entire manuscript for such errors. We have 
thoroughly reviewed the text to correct any grammatical mistakes and typos, including 
the error you mentioned. The sentence on Line 150 has been revised to the critical role 
of NPC1. We appreciate your attention to detail and have ensured that the manuscript 
is now more polished. 
 

Reviewer #2  

In this study, Li et al. decipher the role of NPC1, which was first identified as a potential 
risk marker in HCC in their previous paper using proteomics (Jiang et al., 2019). But, 
one recent study also has suggested the oncogenic role and prognostic value of NPC1 
in HCC via regulation of autophagy (Xu et al., 2024). Here, by using in vitro and in 
vivo models of HCC, the authors propose that NPC1 directly interacts with TGFBR1 
and prevents the binding between TGFBR1 and the SMAD7/SMURFs complex to 
maintain the stability of TGFBR1, thus activating TGF-    
transport-independent manner and promoting HCC progression. This is an interesting 
topic, and the novelty relies on the effect and mechanism of NPC1 on cholesterol-
independent regulation. Although the authors provide a large amount of experimental 
data with good quality, the downstream mechanism via TGF-   

recognized in HCC, and the interaction between TGF-    
well known, which dampens the novelty of their study. Overall, the following 
comments should be addressed to strengthen the overall scientific soundness of the 
manuscript: 
 
Q1: In Figure 2 and extended data Fig.2, authors re-induced NPC1 in HCC cells 
to prevent off-target effects from shRNA knockdown. The NPC1 protein level in 
shNPC1+NPC1 group was much higher than that in the shCTRL group, whereas 
most of the function studies, including cell proliferation, migration, invasion, as 
well as the tail vein metastasis model, showed no difference between the two 
groups or only had a partial rescue effect. How do the authors explain these 
findings? According to Figures 2a-e, it is anticipated that re-induced NPC1 should 
promote metastasis compared to Vector. 
A1: Thank you for your insightful observation. The experiments involving cell 
proliferation and invasion were indeed performed later using a different batch of HCC 
cells than those used in the earlier migration experiments. To ensure clarity, we have 
included the Western blot results for this subsequent batch of cells, which indicate that 



the reintroduced NPC1 expression levels in the shNPC1+NPC1 group were comparable 
to those observed in the shCTRL+Vector cells. These data suggest that the discrepancy 
between NPC1 levels and the extent of rescue observed may be attributed to differences 
in experimental conditions between batches. 

Additionally, we have re-performed the migration and invasion assays using this 
new batch of cells, and the updated results are now presented in Revised Fig. 2a-e and 
Revised Supplementary Fig. 2a-f (Below Panel). These revised experiments show a 
more consistent rescue of NPC1 function across the functional assays. 
 

 

Fig. 2a, Confirmation of NPC1 overexpression (NPC1), NPC1 knockdown and re-expression 

in HCC cells. 

Fig. 2b-e, Transwell assay to examine the effect of NPC1 on HCC cell migration (b,c) or 

invasion (d, e) (n         

Supplementary Fig. 2a,          

Supplementary Fig. 2           

             

Data are presented as the mean ± s.e.m. Statistical significance was determined by two-tailed 

  -test. 

 

Q2: Besides the metastasis model, Subcutaneous/orthotopic tumor inoculation 



should be conducted to verify whether NPC1 knockdown and reinduction could 
promote tumor growth. 
A2: Thank you for your valuable suggestion. In response, we performed a subcutaneous 
tumor inoculation model to investigate the effect of NPC1 knockdown and reinduction 
on tumor growth. As detailed in the revised manuscript, we observed that NPC1 
knockdown significantly decreased tumor growth, as evidenced by reduced tumor sizes 
and weights (Below Panel, Revised Supplementary Fig. 2j-m). Furthermore, the 
reintroduction of NPC1 effectively restored tumor growth, supporting the role of NPC1 
in promoting tumor development (Below Panel, Revised Supplementary Fig. 2j-m). 
 

 
Supplementary Fig. 2j-m, Confirmation of NPC1 knockdown and re-expression in 

PLC/PRF/5 cells (j). Photographs of xenograft tumors induced by the subcutaneous inoculation 

of NCG mice (n = 5 mice per group) with NPC1-knockdown PLC/PRF/5 cells with further 

overexpression of NPC1 (k). Graphs of xenograft tumor volumes (l), and xenograft tumor 

weights (m). Data are presented as the mean ± s.e.m.. Statistical significance was determined 

by two-   -test. 

 

Q3: In Figures 3a-f, please clarify the statement where TGF- signaling 
downstream proteins p-SMAD2 and p-SMAD3 in NPC1-overexpressed HCC cells 
seemed to be only upregulated and detectable under TGF-1 treatment. Authors 
also claimed that NPC1 knockdown decreased HCC cell migration capacity 
independent of TGF-1 treatment. Does this mean that despite TGFBR1 increase, 
SMAD2/3 activation is not the crucial signaling regulated by NPC1 in driving 
HCC metastasis? 
A3:            
        

         

              

     
          

            

           

            

        

           



        

 

Legend: (A) Immunoblot analysis of TGFBR1, p-SMAD2, p-SMAD3, SMAD2, SMAD3 and 

NPC1 expression in PLC/PRF/5 cells with NPC1 stable overexpression; right panels, longer 

exposure of the p-SMAD2/3 western blot bands. 

Supplementary Fig. 3g, Transwell assay was performed in NPC1-overexpression PLC/PRF/5 

cells with or without TGF-          

 Data are presented as the mean ± s.e.m.. Statistical significance was determined by two-

   -test. 

 

Q4: In the Method of cell invasion assays, NPC1 expression did influence HCC 
cell proliferation (extended Data Fig.2a-d) and showed a significant difference at 
48 or 72 hours. Therefore, 72 hours selected for invasion assays is not convincing, 
and a shorter incubation period should be chosen to exclude the effects on cell 
proliferation. 
A4: Thank you for your valuable suggestion. Following your advice, we have re-
conducted both the migration and invasion assays, ensuring that a shorter incubation 
period (48 h) was used to minimize the potential impact of NPC1 on cell proliferation. 
The updated results are now presented in Revised Fig. 2d, e and Revised Supplementary 
Fig. 2f (below panel). Our results consistently show that NPC1 significantly promotes 
both migration and invasion. Additionally, the methods section has been corrected 
accordingly in the revised manuscript to reflect these changes. 
 



 

Fig. 2d-e, Transwell assay to examine the effect of NPC1 on indicated PLC/PRF/5 cells (d) or 

HepG2 cells (e) with further overexpression of NPC1 invasion (n   

    

Supplementary Fig. 2          indicated MHCC-

97H           

Data are presented as the mean ± s.e.m.. Statistical significance was determined by two-tailed 

  -test. 
 

Q5: Have the authors detected the phospho-TGFBR1 (activated state) alteration 
by NPC1? If so, through what kind of mechanism? Does TGFBR1 mainly rely on 
phosphorylation to exert its effect on SMAD2/3? Does NPC1 only increase pan-
TGFBR1, which is then phosphorated by TGFBR2? Additionally, in Figure 6a, it 
is confusing that the inhibitor of TGFBR1 activation Galunisertib also inhibited 
pan-TGFBR1 expression level. 
A5: Following your suggestion, we analyzed the levels of phospho-TGFBR1 in HCC 
cells with NPC1 stable knockdown. The level of phospho-TGFBR1 (T186) 
phosphorylation, the site is located in the GS region associated with TGFBR1 activation, 
was down-regulated in NPC1 knockdown HCC cells (below panel A). Based on the 
research in this paper, we suggest that the total protein level of TGFBR1 is reduced, 
and thus the phosphorylation level of TGFBR1 protein is also reduced. TGFBR1 
primarily exerts its effects on SMAD2 and SMAD3 through phosphorylation. TGFBR1, 
upon activation by ligand binding, gets phosphorylated by TGFBR2, which then 
phosphorylates SMAD2/3 to activate downstream signaling. This is a well-established 
pathway in the TGF- signaling mechanism. Based on the results in Figures 4 and 5 of 
this paper, we believe that NPC1 inhibits the binding of SMAD7/SMURFs to TGFBR1 
by interacting with TGFBR1, thereby inhibiting the degradation of TGFBR1 and 
enhancing the overall level of TGFBR1 in cells, which can be phosphorated by 
TGFBR2.  

Galunisertib primarily acts by inhibiting the kinase activity of TGFBR1, 
preventing the receptor from phosphorylating downstream SMAD proteins. However, 



as shown in the below panels B and C, and further supported by the Revised 
Supplementary Figure 4e, there is evidence suggesting that treatment with Galunisertib 
can also lead to a reduction in total TGFBR1 protein levels. The data demonstrate that 
after long-term TGF-1 treatment, the total protein level of TGFBR1 was upregulated 
in HCC cells, and after 16 h of Galunisertib treatment, the levels of TGFBR1, p-
TGFBR1 and pSMAD2 were significantly downregulated. When cells were treated 
with TGF- at the same time, the downregulation of TGFBR1 protein level caused by 
Galunisertib treatment was more significant. This effect might be due to feedback 
mechanisms within the cell that respond to the inhibition of TGFBR1s activity. When 
TGFBR1s signaling is blocked, the cell might reduce the expression or increase the 
degradation of TGFBR1 to maintain homeostasis. This could be part of a broader 
regulatory mechanism where the inhibition of TGFBR1 leads to downregulation of the 
receptor itself, potentially to avoid accumulation of inactive receptors that might 
otherwise lead to cellular dysfunction. The decrease in TGFBR1 expression observed 
after Galunisertib treatment could also be due to indirect effects, such as changes in the 
transcriptional regulation of TGFBR1 or modulation of other signaling pathways that 
impact TGFBR1 stability15,16.  
 

 
Legend: (A) Immunoblot analysis of p-SMAD2, p-SMAD3, p-TGFBR1 (T186) and NPC1 

expression in PLC/PRF/5 cells with NPC1 stable knockdown. (B) Immunoblot analysis of p-

SMAD2, p-TGFBR1 (T186) and NPC1 expression in PLC/PRF/5 cells with or without 

      C) Immunoblot analysis of TGFBR1, p-

            

combined with TGF-     h.  



   PLC/PRF/5 cells with stable overexpression of NPC1 were stimulated 

with TGF-         -SMAD2, SMAD2, TGFBR1 and 

NPC1 were assayed by western blot. Data are presented as the mean ± s.e.m. of three 

independent experiments. Statistical significance was determined by two-tailed unpaired 

 -test. 

 
Q6: Does SMAD7/SMURFs share the same binding domain with SMAD2/3 to 
TGFBR1, and which one has a higher intrinsic binding affinity to TGFBR1? 
Besides its function on enhancing the degradation of TGFBR1, SMAD7/SMURFs 
might competitively impede the TGFBR1-SMAD2/3 binding. By inhibiting NPC1, 
   ght be more accessible to SMAD2/3. These are some 
questions the author should carefully demonstrate. 
A6: Thank you for your insightful questions. Currently, detailed structural information 
on the receptor-SMAD complex is still limited. However, models of SMAD 
interactions have been inferred based on structural analogies to the FHA domain17,18. 
The FHA domain is a well-characterized module that specifically binds 
phosphothreonine-containing peptides, and it is hypothesized that the basic patch on R-
SMADs forms a recognition site for the phosphorylated GS loop of TGFBR1. This 
explains the specificity of receptor binding after phosphorylation. The GS domain, 
together with the amino-terminal kinase lobe, is predicted to serve as a docking site for 
the MH2 domain of R-Smads18,19. Nevertheless, further structural studies are needed to 
fully elucidate these interactions. 

Regarding binding affinity, the intrinsic differences between SMAD2 and SMAD7 
with TGFBR1 remain unclear. What is well-established, however, is that SMAD7 
forms a stable interaction with TGFBR1, functioning as an inhibitor at an early stage 
of TGF- signaling5. SMAD7 competes with SMAD2/3 for binding to TGFBR1, 
preventing their phosphorylation and activation, thus blocking downstream signaling5. 
This competitive binding hinders the formation of the SMAD2/4 complex and 
subsequent nuclear translocation of SMAD2, indicating that SMAD7 may have a higher 
binding affinity compared to SMAD2/3 when serving as an inhibitor. 

Additionally, SMAD7 plays a crucial role by recruiting E3 ubiquitin ligases such 
as SMURF1, and SMURF2 to TGFBR1, facilitating its ubiquitin-mediated 
degradation20,21. Our experimental data (Below Panel, Revised Fig. 5j, k) show that 
NPC1 inhibition enhances the interaction of SMAD7/SMURFs with TGFBR1, 
suggesting that NPC1 regulates the accessibility of TGFBR1 for SMAD2/3 by 
modulating its interaction with SMAD7. Co-localization experiments further support 
these findings, demonstrating that in the context of NPC1 knockdown, the interaction 
between SMAD7-EGFP and TGFBR1-mCherry significantly increases (Below Panel, 
Revised Supplementary Fig. 5n, o). 

Moreover, knockdown of SMAD7 or SMURF1/2 rescued TGFBR1 protein levels 
in HCC cells with stable NPC1 knockdown (Below Panel, Revised Supplementary Fig. 
5p, q), supporting the idea that NPC1 regulates TGF- signaling by influencing 
SMAD7s competitive binding with SMAD2/3. 
 



 

Fig. 5j-k, TGFBR1-mCherry-His stable overexpression PLC/PRF/5 (j) and HepG2 (k) cells 

with or without NPC1 overexpression (j) or knockdown (k) were subjected to 

immunoprecipitation with anti-His antibody. The lysates and immunoprecipitates were then 

blotted. 

Supplementary Fig. 5n, PLC/PRF/5 cells stably expressing TGFBR1-mCherry-His and 

SMAD7-EGFP were immunostained with antibodies against LAMP1 and then imaged by 

Structure Illumination Microscopy to determine the colocalization among TGFBR1, SMAD7 

and LAMP1 in PLC/PRF/5 cells with NPC1 stable knockdown. The images were collected 

through the Polar-SIM system. 

Supplementary Fig. 5o, Quantification of the colocalization between TGFBR1 and SMAD7 

     PLC/PRF/5 cells with NPC1 stable knockdown.  

Supplementary Fig. 5p, Immunoblot analysis of TGFBR1, SMAD7 and NPC1 expression in 

NPC1-knockdown HepG2 and PLC/PRF/5 cells with or without knockdown of SMAD7.  

Supplementary Fig. 5q, Immunoblot analysis of TGFBR1, SMURF1, SMURF2 and NPC1 



expression in NPC1-knockdown PLC/PRF/5 cells were transfected with specific siRNAs 

targeting SMURF1 or SMURF2. Representative images from three independent experiments 

      Data are presented as the mean ± s.e.m. Statistical significance 

was determined by two-   -test. 

 
Q7: In the DEN/CCl4-driven mouse HCC model, the authors demonstrated that 
Npc1cKO mice displayed fewer tumor lesions with lower serum levels of 
components involved in cholesterol transport, compared to control mice. However, 
the mechanism of NPC1-TGFBR1 axis-induced HCC metastasis illustrated is 
cholesterol-transport independent. Since such model induces fibrosis and 
inflammation-associated HCC linked to lipid dysfunction, an alternative HCC 
mouse model of combined hydrodynamic injection of proto-oncogenes (e.g. c-myc) 
and/or tumor-suppressive genes (e.g. sgp53 and keap1) may be more suitable for 
in vivo function validation in this context. 
A7: Thank you for your insightful suggestion. In response, we conducted additional 
experiments to further investigate the role of NPC1 in different HCC models. 
Specifically, we crossed CreAlbNpc1F/F mice with H11-CAG-LSL-Myc mice to generate 
homozygous Npc1 knockout CreAlbNpc1F/FMyc mice (Below Panel, Revised Fig. 7j). 
Liver cancer spontaneously developed in 6- to 8-week-old CreAlbMyc mice, and we 
observed that knockout of Npc1 significantly reduced tumor sizes and weights (Below 
Panel, Revised Fig. 7k-m and Revised Supplementary Fig. 7k). In this MYC-driven 
HCC model, we also evaluated the same markers as in the DEN-CCl4 model and 
reached the same conclusion, namely, that hepatic Npc1 knockout inhibits TGF- 
signaling and MYC-driven HCC progression (Below Panel, Revised Fig.7 n, o and 
Revised Supplementary Fig. 7l-q). 



 
Fig. 7j, Scheme used to establish the model of spontaneous HCC with targeted Myc knock-in 

and Npc1 knockout in the liver.  

Fig. 7k, Representative images of CreAlbMyc and CreAlbNpc1F/FMyc mouse livers with HCC. 

Fig. 7l, liver to boy weight ratio (n = 5) in the indicated mice.  

Fig. 7m, Representative H&E staining images of the indicated mouse livers. Scale bars: left 

     

Supplementary Fig. 7k, liver weight of CreAlbMyc and CreAlbNpc1F/FMyc mice (n = 5). 

Fig. 7n, Representative IHC staining images of EpCAM, GPR78 and Cytokeratin19 of the 

indicated mouse livers. Scale     

Fig. 7o, TGFBR1, p-SMAD2, SMAD2, and NPC1 protein expression in WT, CreAlbMyc and 

CreAlbNpc1F/FMyc mouse liver tissues.  

Supplementary Fig. 7l, Representative reticulin staining images of the indicated mouse livers. 

         

Supplementary Fig. 7m, Representative IHC staining images of Ki67 in the indicated mouse 

         

Supplementary Fig. 7n, Quantification of Ki67 staining in the indicated mouse livers (n = 8). 



Supplementary Fig. 7o-q, Analysis of serum ALT (o), AST (p) and TBIL (q) levels in WT, 

CreAlbMyc and CreAlbNpc1F/FMyc mice (n = 6). 

Data are presented as means ± s.e.m. Statistical significance was determined by two-tailed 

  -test. 

 
Our manuscript aims to highlight the novel role of NPC1 in regulating HCC 

progression, independent of its cholesterol transport function. However, as you noted, 
the NPC1-cholesterol-SREBP axis plays a well-established role in lipid metabolism. 

In response to your concerns, we have reanalyzed the impact of Npc1 knockout on 
lipid metabolism and the SREBP pathway in both the DEN-CCl4 induced and MYC-
driven HCC models. The data demonstrate that Npc1 deficiency influences serum and 
liver lipid and modulates key proteins in the SREBP pathway, though its effects on 
HCC progression appear to extend beyond cholesterol metabolism (Below Panel A-L). 

In the DEN-CCl4-induced HCC model: Oil Red O staining revealed increased lipid 
accumulation in HCC livers, which diminished after Npc1 knockout (Below Panel A). 
Liver CHOL and TG levels were elevated in HCC, with TG levels decreasing after 
Npc1 knockout, while liver CHOL levels remained unchanged (Below Panel B, C). 
Serum CHOL and TG levels were elevated in HCC mice but significantly reduced after 
Npc1 knockout (Below Panel D, E).  

In the MYC-driven HCC model: Oil Red O staining revealed no significant 
difference across groups (Below Panel G). Liver CHOL levels increased further after 
Npc1 knockout, in contrast to the DEN-CCl4 model, where CHOL levels were 
unaffected (Below Panel H). Liver TG levels showed no significant difference across 
groups (Below Panel I). Serum TG levels were elevated in HCC but reduced after Npc1 
knockout, while serum CHOL remained unchanged (Below Panel J, K). These findings 
suggest that NPC1 loss has differential effects on lipid metabolism in the two HCC 
models, indicating variations in the regulation of cholesterol homeostasis. 

To further clarify the relationship between NPC1 and lipid metabolism, we 
investigated the SREBP2 pathway in both models: 

In the DEN-CCl4 model: Cleaved SREBP2 was downregulated in HCC but 
restored after Npc1 knockout. LDLR and HMGCS1, both SREBP2 targets, were 
downregulated in HCC and upregulated after Npc1 knockout. A similar trend was 
observed for ABCG5 and ABCG8, which regulate cholesterol efflux to the intestinal 
lumen and bile ducts. HMGCR, the rate-limiting enzyme in cholesterol biosynthesis, 
was upregulated in HCC but did not change after Npc1 knockout (Below Panel F).  

In the MYC-driven model: SREBP2 and HMGCS1 were upregulated in HCC, 
with no significant change after Npc1 knockout. LDLR and ABCG8 showed a similar 
pattern to the DEN-CCl4 model, decreasing in HCC and increasing after Npc1 knockout. 
Interestingly, HMGCR levels were unaffected by Npc1 knockout in both models, 
suggesting post-translational regulation of this key enzyme. This observation indicates 
that cholesterol biosynthesis may be regulated through multiple feedback mechanisms 
that fine-tune its activity independent of SREBP2-driven transcription (Below Panel L). 

Taken together, our results underscore that while NPC1 plays a well-defined role 
in cholesterol transport and metabolism, its contribution to HCC progression extends 



beyond this pathway. Npc1 deficiency alters lipid metabolism through the SREBP2 axis, 
but the lack of change in HMGCR in both models highlights the complexity of 
cholesterol regulation in HCC. Additionally, the persistent elevation of liver cholesterol 
in MYC-driven HCC following Npc1 knockout further supports our hypothesis that 
NPC1's role in HCC is not solely reliant on its cholesterol transport function. 

These findings align with recent studies suggesting that cholesterol homeostasis is 
tightly regulated by multiple layers of control, including transcriptional and post-
translational mechanisms14. However, our work emphasizes the cholesterol-
independent roles of NPC1 in HCC progression, through pathways involving TGF- 
signaling. 

We hope this expanded discussion provides a more nuanced explanation of the 
NPC1-cholesterol-SREBP axis while emphasizing our key finding that NPC1 promotes 
HCC independently of its cholesterol transport function, a novel aspect of our study. 



 

      Npc1        

        A, Oil Red O staining in the 

indicated mouse livers     B, C, Analysis of liver cholesterol (CHOL) and 

triglyceride (TG) in indicated     D, E, Analysis of serum cholesterol (TC) and 

triglyceride (TG) levels in normal Npc1F/F (n = 3), Npc1F/F (n = 4) and CreAlbNpc1F/F (n = 5) 

mice with DEN-CCl4 induced HCC. F, Western blot analysis of liver tissues from the indicated 

mice (n = 3). G, Oil Red O staining in the indicated mouse livers     H, I, 

Analysis of liver cholesterol (CHOL) and triglyceride (TG) in indicated     J, K, 

Analysis of serum cholesterol (TC) and triglyceride (TG) levels in WT, CreAlbMyc and 

CreAlbNpc1F/FMyc mice (n = 4). L, Western blot analysis of liver tissues from the indicated mice 



(n = 3). Data are presented as the mean ± s.e.m. Statistical significance was determined by two-

   -test. 
 
Q8: The effect of NPC1 mainly depends on TGFBR1 expression. So does it mean 
that if an HCC patient with tumor cells lacked TGFBR1, NPC1 would not 
contribute to tumor progression? The authors should first validate this hypothesis 
by overexpressing NPC1 in TGFBR1 knockout HCC cells and compare their 
function to TGFBR1-WT cells. Then, in their clinical cohorts, the authors should 
         -co-
expressing HCC patients, but not in TGFBR1-low and negative patients. Also, in 
their spontaneous HCC model, each mouse has a different expression of TGFBR1 
on tumor cells. Thus, it is important to stratify the mouse tumor samples into 
TGFBR1-high and TGFBR1-low groups to evaluate the tumor size/nodule 
number/IHC/WB, as shown in Figures 7e-o. 
A8: Thank you very much for your constructive suggestions. In response, we performed 
additional experiments, including proliferation and migration assays, as well as a 
subcutaneous mouse model, to further investigate your concerns. We generated 
PLC/PRF/5 cells with stable NPC1 overexpression and TGFBR1 knockdown, 
comparing their functional behavior to TGFBR1-WT cells. Our results showed that 
TGFBR1 knockdown significantly suppressed the migration of PLC/PRF/5 cells with 
NPC1 overexpression, while it had no significant effect on cell proliferation or tumor 
growth in xenograft models (Below Panel, Revised Supplementary Fig. 6d-i). These 
findings underscore the role of TGFBR1 in NPC1-mediated HCC cell migration, while 
NPC1 may exert effects through additional pathways independent of TGFBR1 to 
influence tumor growth and proliferation22. 

 
Supplementary Fig. 6d, Immunoblot analysis of TGFBR1 and NPC1 expression in 



PLC/PRF/5 cells with stable overexpression or knockdown of indicated genes.  

Supplementary Fig. 6e, Transwell assay was performed in cells related to (d) (n  

      

Supplementary Fig. 6f, Cell growth curves were measured in indicated cells (n  

replicates).  

Supplementary Fig. 6g-i, Photographs of xenograft tumors induced by the subcutaneous 

inoculation of NCG mice (n = 5 mice per group) in indicated groups (g). Graphs of xenograft 

tumor volumes (h), and xenograft tumor weights (i). Data are presented as the mean ± s.e.m.. 

Statistical significance was determined by two-   -test. 

 
We acknowledge that TGFBR1 expression plays an important role in NPC1-

mediated promotion of HCC progression. To investigate whether NPC1s prognostic 
value is dependent on TGFBR1 levels, we aimed to stratify patients based on TGFBR1 
expression in two proteomic cohorts (Jiangs cohort and Gaos cohort). Unfortunately, 
TGFBR1 was only identified in six patients in Jiang's cohort, and TGFBR1 was 
undetected in Gao's cohort, limiting our ability to perform the stratified analysis in these 
datasets. 

To overcome this limitation, we conducted immunohistochemistry (IHC) analysis 
for TGFBR1 in our tissue microarray (TMA) cohort. We classified patients with both 
NPC1 and TGFBR1 intensity greater than or equal to 6 as the high group, and the rest 
as the low group. Kaplan-Meier survival analysis revealed that patients in the NPC1 
and TGFBR1 high group had significantly better overall survival compared to those in 
the low group (Below Panel A). Then, we found a significant positive correlation 
between NPC1 and TGFBR1 protein levels (P < 0.0001, R2 = 0.5028), indicating that 
high NPC1 expression is positively associated with TGFBR1 levels (Below Panel, 
Revised Fig. 6a-c). 

 
Legend: (A) The Kaplan-Meier overall survival curves of individuals with NPC1 and TGFBR1 

intensity greater than or equal to 6 as the high group (n=115), and the rest as the low group 

(n=171). 



Fig. 6a, Representative images from IHC staining of NPC1 and TGFBR1 in HCC tissues (n = 

286); scale bar, 50 µm.  

Fig. 6b, The Pearson correlation analysis between NPC1 level and TGFBR1 level in HCC 

tissues.  

Fig. 6c, The analysis of TGFBR1 IHC score in HCC tissues with low (n = 174) or high (n = 

112) NPC1 level. In the box plots, the middle bar represents the median, and the box represents 

the interquartile range; bars extend to 1.5× the interquartile range. Statistical significance was 

determined by Pearson correlation test (b), MannWhitney U test (c,) or log-rank test (A). 

 

Finally, we analyzed liver tissue from 25 DEN-CCl4 induced spontaneous HCC 
mouse models using Western blot for TGFBR1 expression. We ranked the samples 
based on TGFBR1 expression and divided them into two groups: TGFBR1-low (n=12) 
and TGFBR1-high (n=13). We then analyzed tumor size and number of nodules. 
Although we observed a trend towards larger tumors and more nodules in the TGFBR1-
high group, this difference did not reach statistical significance, likely due to the limited 
number of animals and the relatively small variation in TGFBR1 expression across the 
different mouse tumor samples in the presence of NPC1. (Below Panel, B-D). 

 
Legend: (B) NPC1 protein expression in Npc1F/F mouse HCC tissues (n = 25). (C, D) Numbers 

of nodules per liver (C) and diameters of the largest nodules (D) of the indicated group. 

Data are presented as the mean ± s.e.m. Statistical significance was determined by two-tailed 

  -test. 

 
Q9: Animal studies: please confirm if any subcutaneous mouse model was used as 
described in Methods. In addition, the authors claimed in the Discussion section 
that there has been no specific NPC1 inhibitor to test its therapeutic efficacy on 
HCC in mice until now. AAV8 therapy specifically targeting hepatic NPC1 in an 
orthotopic mouse model should be performed to validate its therapeutic potential. 
More importantly, the authors should compare the effects of NPC1 inhibition and 
TGFBR1 inhibition in vitro and in vivo, including migration/invasion assays, 
subcutaneous/orthotopic tumor inoculation, and tail-vein lung metastasis model. 



A9: Thank you for your insightful suggestion. We performed a subcutaneous tumor 
inoculation experiment to answer your Q2Q8 and subsequent questions. We have 
conducted additional experiments to address your concerns regarding the role of NPC1 
and TGFBR1 in HCC progression. Following your suggestion, we explored the 
therapeutic potential of targeting NPC1 in a MYC-driven HCC mouse model. Mice 
were administered AAV8-shNPC1 or a control AAV8-shCTRL via tail vein injection. 
After four weeks, we observed a significant antitumor effect in the AAV8-shNPC1 
treated group, as evidenced by reduced tumor size and number (Below Panel, Revised 
Supplementary Fig. 7t-x). The knockdown efficiency of NPC1 was confirmed by 
Western blot analysis (Below Panel, Revised Supplementary Fig. 7y). 

 

 
Supplementary Fig. 7t, Schematic view of the treatment plan using AAV serotype 8 (AAV8). 

Supplementary Fig. 7u, Representative liver images of the indicated group.  

Supplementary Fig. 7v-w, liver weight (v) and liver to body weight ratio (w) of the indicated 

group (n = 6).  

Supplementary Fig. 7x, Representative H&E staining images of the indicated mouse livers. 

Scale bars: left panels, 2.5mm; right panels, 500m.  

Supplementary Fig. 7y, NPC1 protein expression in the indicated mouse tissues. Data are 

presented as the mean ± s.e.m. (v-w). Statistical significance was determined by two-tailed 

  -test (v-w). Data are presented as the mean ± s.e.m. Statistical significance 

was determined by two-   -test. 

 
Additionally, we utilized an inducible knockout of Npc1 in a DEN-CCl4-induced 

HCC model using tamoxifen (TAM)-inducible Cre recombinase (ERT2-Cre). The 
deletion of Npc1 for an eight-week period led to a significant reduction in tumor burden, 
as demonstrated by decreased tumor number and size, as well as a lower liver-to-body 
weight ratio (Below Panel, Revised Fig. 7p-s, u and Supplementary Fig. 7r, s). 
Histological analysis revealed regressed tumor morphology in Npc1-knockout livers 
compared to controls (Below Panel, Revised Fig. 7t). These findings strongly suggest 
that NPC1 is a promising therapeutic target for HCC. 



 

Fig. 7p, Schematic diagram of tamoxifen-induced liver-specific Npc1 knockout mouse 

generation and the treatment plan in the DEN-CCl4-induced HCC model.  

Fig. 7q, Representative liver images of the indicated group. 

Fig. 7r-s, liver to body weight ratio (r), numbers of nodules per liver (s) of Npc1F/F mice treated 

with coil (CO) (n = 5), CreERT2AlbNpc1F/F mice treated with coil or tamoxifen (TAM) (n = 8).  

Supplementary Fig. 7r-s, liver weight (r), diameters of the largest nodules(s) of Npc1F/F mice 

treated with coil (CO) (n = 5), CreERT2AlbNpc1F/F mice treated with coil (CO) or tamoxifen 

(TAM) (n = 8). 

Fig. 7t, Representative H&E staining images of the indicated mouse livers. Scale bars: left 

panels, 2.5mm; right panels, 500m.  

Fig. 7u, NPC1 protein expression in the indicated mouse tissues.  

Data are presented as means ± s.e.m. Statistical significance was determined by two-tailed 

  -test. 
 

To further validate your suggestion, we compared the effects of NPC1 and 
TGFBR1 inhibition both in vitro and in vivo. Migration assays demonstrated that 
knockdown of either NPC1 or TGFBR1 significantly inhibited the migration of 
PLC/RPF/5 and MHCC-97H cells (Below Panel, Revised Supplementary Fig. 6d, e, j, 
k). Additionally, while NPC1 knockdown suppressed cell proliferation and tumor 
growth in PLC/RPF/5 cells, TGFBR1 knockdown did not significantly impact these 
phenotypes (Below Panel, Revised Supplementary Fig. 6f-i)  
Lastly, using an NCG mouse tail vein metastasis model, we assessed the metastatic 



potential of MHCC-97H cells with either NPC1 or TGFBR1 knockdown. Both 
knockdowns significantly reduced metastasis, underscoring the importance of these 
proteins in HCC progression (Below Panel, Revised Supplementary Fig. 6l, m).  

We hope that these additional experiments and findings sufficiently address your 
concerns and highlight the therapeutic relevance of targeting NPC1 in HCC. 
 

 

 



 
Supplementary Fig. 6d, Immunoblot analysis of TGFBR1 and NPC1 expression in 

PLC/PRF/5 cells with stable overexpression or knockdown of indicated genes.  

Supplementary Fig. 6e, Transwell assay was performed in cells related to (d) (n  

      

Supplementary Fig. 6f, Cell growth curves were measured in indicated cells (n  

replicates).  

Supplementary Fig. 6g-i, Photographs of xenograft tumors induced by the subcutaneous 

inoculation of NCG mice (n = 5 mice per group) in indicated groups (g). Graphs of xenograft 

tumor volumes (h), and xenograft tumor weights (i).  

Supplementary Fig. 6j, Immunoblot analysis of TGFBR1 and NPC1 expression in MHCC-

97H cells with stable overexpression or knockdown of indicated genes.  

Supplementary Fig. 6k, Transwell assay was performed in cells related to (j) (n  

      
Supplementary Fig. 6l-m, 1×106 Luciferase-expressing MHCC-97H cells were injected into 

NCG mice by tail vein. The mice were euthanized 8 weeks later by a cervical dislocation. 

Representative H&E staining images of lung tissues are shown; scale bars, 1mm; insets: 

twofold magnification; scale bars, 5 l). The incidence of lung metastasis in mice (m) (n 

= 6 mice per group). Data are presented as the mean ± s.e.m.. Statistical significance was 

determined by two-   -test. 

 
Q10: Careful grammar check has to be carried out since the manuscript has 
multiple grammatical errors. 
A10: Thank you for your feedback regarding the grammatical issues in our manuscript. 
We have carefully reviewed and revised the manuscript to correct any grammatical 
errors and improve overall readability. We appreciate your attention to detail and 
believe that the changes have enhanced the clarity and quality of our submission. 
  
Reviewer #3 
 
The authors argue that NPC1 controls TGFbetaRI (TbRI) stability in a cholesterol-
independent manner is promoting hepatocellular carcinoma progression. They have 
used conventional methods to knock down NPC1 in vitro and in vivo and show that 



NPC1 promotes tumor progression in vitro and in vivo. They propose that NPC1 is 
causing increased stability of TbRI by preventing Smad7 to recruit SMURFs, which 
targets TbRI for degradation. 
 
The presented data are interesting and novel, but I have some concerns about their data 
and the conclusions they draw. 
 
Q1:             

claim this, they should show direct interactions between the two proteins. 
A1: Thank you for your suggestion. We totally agree that immunoprecipitation does 
not confirm direct binding between NPC1 and TGFBR1. In light of this, we have 
revised the manuscript to remove any claims of a direct interaction. 
 
Q2: If NPC1 recruits Smad7 and SMURFs to the TbRI, they should show that this 
is dependent on TGFbeta treatment of cells. From the literature we know that 

Smad7 recruits the HECT type of E3 ubiquitin ligases, Smurf1 and Smurf2. It 
binds to Smurfs in the nucleus and translocates into the cytoplasm in response to 
TGF- and recruits the ubiquitin ligases to the activated type I receptor 
ALK5/TRI, leading to the degradation of the receptor through the proteasomal 
pathway.  Therefore, it would be of scientific interest to know in which 
subcellular localization the TbRI-NPC1 complex is located. The complex is shown 
by immunofluorescence in Figure 5c. 
A2: Thank you very much for your insightful suggestion. In response, we conducted 
experiments to investigate the subcellular localization of the NPC1-TGFBR1 complex 
and its role in modulating SMAD7 and SMURFs interactions with TGFBR1. 

As demonstrated in Revised Figure 5c and Revised Supplementary Fig 5b-f 
(Below Panel), our results show that NPC1 colocalizes with TGFBR1 in LAMP1-
positive vesicles, indicating that this complex is likely localized in late endosomes or 
lysosomes.  



 

         

           

          

        

Supplementary Fig. 5b, HepG2 cells stably expressing TGFBR1-mCherry-His were 

immunostained with antibodies against NPC1 and LAMP1 to determine the colocalization 

among TGFBR1, NPC1 and LAMP1 in HepG2 cells. 

Supplementary Fig. 5c, HepG2 cells stably expressing TGFBR1-mCherry-His and Caveolin-

1 (CAV1)-Myc were immunostained with antibodies against Myc and LAMP1 to determine 

the colocalization among TGFBR1, CAV1 and LAMP1 in HepG2 cells.  

Supplementary Fig. 5d-e, HepG2 cells stably expressing TGFBR1-mCherry-His were 

immunostained with antibodies against RAB5(d)/RAB11(e) and LAMP1 to determine the 

colocalization among TGFBR1, RAB5/ RAB11 and LAMP1 in HepG2 cells. 

Supplementary Fig. 5f, Quantification of the colocalization between these four proteins 

(LAMP1, CAV1, RAB5 and RAB11) and      

Representative images from three independent experiments       Data 

are presented as the mean ± s.e.m. Statistical significance was determined by two-tailed 

  -test. 



Further supporting this, our data in Figure 5j and 5k (Below Panel) show that 
inhibition of NPC1 significantly enhances the binding of SMAD7 and SMURFs to 
TGFBR1. This observation suggests that NPC1 may regulate TGF-  
modulating the interaction between SMAD7 and TGFBR1. Specifically, in the absence 
of NPC1, SMAD7 and SMURFs may more readily associate with TGFBR1, promoting 
its ubiquitination and subsequent degradation via the proteasomal pathway. 

 

Fig. 5j-k, TGFBR1-mCherry-His stable overexpression PLC/PRF/5 (j) and HepG2 (k) cells 

with or without NPC1 overexpression (j) or knockdown (k) were subjected to 

immunoprecipitation with anti-His antibody. The lysates and immunoprecipitates were then 

blotted. 

 
Moreover, the colocalization results of SMAD7-EGFP and TGFBR1-mCherry, 

shown in the Revised Supplementary Figure 5n, o (Below Panel), further validate these 
findings. We observed that in NPC1 knockdown cells, the localization of SMAD7-
EGFP in the cytoplasm significantly increases and colocalizes with TGFBR1-mCherry. 
This supports the hypothesis that NPC1 influences the stability of TGFBR1 by 
modulating its interaction with SMAD7. 

 

 
Supplementary Fig. 5n, PLC/PRF/5 cells stably expressing TGFBR1-mCherry-His and 

SMAD7-EGFP were immunostained with antibodies against LAMP1 and then imaged by 

Structure Illumination Microscopy to determine the colocalization among TGFBR1, SMAD7 

and LAMP1 in PLC/PRF/5 cells with NPC1 stable knockdown. The images were collected 

through the Polar-SIM system.  



Supplementary Fig. 5o, Quantification of the colocalization between TGFBR1 and SMAD7 

     PLC/PRF/5 cells with NPC1 stable knockdown. 

Representative images from three independent experiments       Data 

are presented as the mean ± s.e.m. Statistical significance was determined by two-tailed 

  -test. 

 

Additionally, we found that knockdown of SMAD7 or inhibition of SMURF1/2 
using siRNA could rescue TGFBR1 protein levels in HCC cells with stable NPC1 
knockdown (Below Panel, Revised Supplementary Fig. 5p, q). This result suggests that 
the degradation of TGFBR1 in NPC1 knockdown cells is mediated, at least in part, by 
the increased recruitment of SMAD7 and SMURFs to TGFBR1. 

 
Supplementary Fig. 5p, Immunoblot analysis of TGFBR1, SMAD7 and NPC1 expression in 

NPC1-knockdown HepG2 and PLC/PRF/5 cells with or without knockdown of SMAD7.  

Supplementary Fig. 5q, Immunoblot analysis of TGFBR1, SMURF1, SMURF2 and NPC1 

expression in NPC1-knockdown PLC/PRF/5 cells were transfected with specific siRNAs 

targeting SMURF1 or SMURF2. 

 
Importantly, all these experiments were conducted without exogenous TGF- 

stimulation. Previous studies indicate that SMAD7 can stably interact with TGFBR1 or 
SMURF2 even in the absence of exogenous ligand stimulation, with TGF- potentially 
enhancing this interaction. Given that SMAD7 acts as an inhibitor in the early stages of 
TGF- signaling5, our findings further suggest that NPC1 inhibits the interaction 
between TGFBR1 and SMAD7, thereby promoting TGFBR1 stability at a very early 
stage in the TGF- signaling pathway, even without TGF-1 stimulation. 
 
Concerns/Questions: 
Q3: Is the TbRI-NPC1 complex localized in caveola? 
A3: Thank you for your insightful question. To address your concern, we performed 
additional experiments to investigate the subcellular localization of the TGFBR1-NPC1 
complex. Our results indicate that the TGFBR1-NPC1 complex colocalizes with the 
lysosomal marker LAMP1, rather than with the caveolae marker caveolin-1, as shown 
in the Revised Figure 5c and the revised Supplementary Figure 5b-f (Below Panel). 

While literature has reported that TGFBR1 can localize to caveolae and that NPC1 
may colocalize with caveolin-1 under certain conditions1-4, our findings suggest that in 
HCC cells, the TGFBR1-NPC1 complex is primarily localized within lysosomes, rather 



than caveolae. 

 

         

           

          

        

Supplementary Fig. 5b, HepG2 cells stably expressing TGFBR1-mCherry-His were 

immunostained with antibodies against NPC1 and LAMP1 to determine the colocalization 

among TGFBR1, NPC1 and LAMP1 in HepG2 cells. 

Supplementary Fig. 5c, HepG2 cells stably expressing TGFBR1-mCherry-His and Caveolin-

1 (CAV1)-Myc were immunostained with antibodies against Myc and LAMP1 to determine 

the colocalization among TGFBR1, CAV1 and LAMP1 in HepG2 cells.  

Supplementary Fig. 5d-e, HepG2 cells stably expressing TGFBR1-mCherry-His were 

immunostained with antibodies against RAB5(d)/RAB11(e) and LAMP1 to determine the 

colocalization among TGFBR1, RAB5/ RAB11 and LAMP1 in HepG2 cells. 

Supplementary Fig. 5f, Quantification of the colocalization between these four proteins 

(LAMP1, CAV1, RAB5 and RAB11) and      

Representative images from three independent experiments       Data 

are presented as the mean ± s.e.m. Statistical significance was determined by two-tailed 



  -test. 

 
Q4: would a mutant NPC1 lacking 692-854 region, not recruit TbRI to this 
subcellular localization? 
A4: Thank you for your insightful question. We investigated whether the mutant NPC1 
lacking the 692-854 region would still recruit TGFBR1 to lysosomes. Our experiments, 
as shown in Below Panel A, B, demonstrate that in PLC (TGFBR1-mCherry) cells 
where NPC1 is knockdown and then reintroduced with NPC1 (692-854), TGFBR1 
still localizes to lysosomes, similar to the wild-type NPC1. Additionally, knockdown 
of NPC1 did not affect the lysosomal localization of TGFBR1 (Below Panel, Revised 
Supplementary Fig. 5b, g, i). 

 
 
Legend: (A) NPC1-knockdown PLC/PRF/5 cells stably expressing TGFBR1-mCherry-His 

       -854) were immunostained with 

antibodies against LAMP1 and then imaged by Structure Illumination Microscopy to determine 

the colocalization between TGFBR1 and LAMP1 in indicated cells. The images were collected 

through the Polar-SIM system (Airy Technology Co., Ltd., China). A 640 nm laser were used 

to excite mouse Alexa Fluor 633 with 2DSIM modality. The SIM reconstruction process was 

conducted using the Airy-SIM software with pre-processing (Dark) or post precessing (MRA); 

Scale bar, 10 µm. (B) Quantification of the colocalization between TGFBR1 and LAMP1 using 

   

Supplementary Fig. 5b, HepG2 cells stably expressing TGFBR1-mCherry-His were 

immunostained with antibodies against NPC1 and LAMP1 to determine the colocalization 

among TGFBR1, NPC1 and LAMP1 in HepG2 cells. 

       



           

        

          

           

Representative images from three independent experiments       Data 

are presented as the mean ± s.e.m. Statistical significance was determined by two-tailed 

  -test. 

 
Importantly, our fluorescence co-localization results reveal that while the wild-

type NPC1 is localized to lysosomes, the NPC1 mutant lacking the 692-854 region is 
distributed in the cytoplasm and does not co-localize with LAMP1 (Below Panel C, D). 
This finding indicates that the 692-854 region of NPC1 is crucial for its lysosomal 
localization. These results collectively suggest that the 692-854 region of NPC1 is 
essential for its interaction with TGFBR1 in lysosomes.  
 

 

Legend: (C) Confirmation of NPC1 knockdown and then re-expression NPC1-HA or NPC1 

-854)-HA in PLC/PRF/5 cells. (D) immunofluorescence staining with anti-HA and anti-

LAMP1 antibody to determine the colocalization between NPC1 (or NPC1 -854)) and 

LAMP1 proteins in indicated PLC/PRF/5 cells; scale bars, 5 µm. Data are presented as the 

mean ± s.e.m. Statistical significance was determined by two-   -test. 

 
Q5: what happens with this subcellular complex (TbRI-NPC1) in presence of 
TGFbeta stimulation of cells? Will treatment with Galunisertib change the co-
localisation of TbRI and NPC1? 
A5: Thank you for your insightful question regarding the effects of TGF- stimulation 
and Galunisertib treatment on the subcellular localization of the TGFBR1-NPC1 
complex. 

To investigate this, we performed experiments in PLC (TGFBR1-mCherry-His) 



cells, comparing the co-localization of TGFBR1, NPC1, and LAMP1 with or without 
TGF-1 stimulation. Using anti-NPC1 and anti-LAMP1 antibodies, we quantified the 
co-localization of TGFBR1 and LAMP1 in both conditions. The results demonstrate 
that TGFBR1-NPC1 remains localized to lysosomes irrespective of TGF-1 
stimulation, with no significant change in the co-localization coefficient between 
TGFBR1 and LAMP1 in the stimulated versus unstimulated groups (Below Panel A, 
B). 

We also examined the effects of Galunisertib treatment in PLC (TGFBR1-
mCherry-His) cells. Using the same antibodies, we quantified TGFBR1, NPC1, and 
LAMP1 co-localization with and without Galunisertib treatment. The results indicate 
that TGFBR1-NPC1 continues to localize to lysosomes regardless of Galunisertib 
treatment, and there was no observable impact of Galunisertib on the localization of the 
TGFBR1-NPC1 complex (Below Panel A, B). 

These findings suggest that the localization of the TGFBR1-NPC1 complex to 
lysosomes is stable under both TGF-1 stimulation and Galunisertib treatment. 

 

Legend: (A) After treatment with TGF-      

     h, PLC/PRF/5 cells stably expressing TGFBR1-mCherry were 

immunostained with antibodies against LAMP1 and NPC1 and then imaged by Structure 

Illumination Microscopy to determine the colocalization among TGFBR1, LAMP1 and NPC1 

in indicated cells. The images were collected through the Polar-SIM system (Airy Technology 

Co., Ltd., China). A 488 nm (or 640) laser were used to excite rabbit Alexa Fluor 488(or mouse 

Alexa Fluor 633) with 2DSIM modality. The SIM reconstruction process was conducted using 

the Airy-SIM software with pre-processing (Dark) or post precessing (MRA); Scale bar, 10 µm. 

(B) Quantification of the colocalization between TGFBR1 and LAMP1 using the 

coefficient. Data are presented as the mean ± s.e.m. Statistical significance was determined by 

two-   -test. 

 
Q6: If NPC1 control TbRI protein stability, it would be interesting to know if 
NPC1 and TbRI are co-expressed in HCC tissue sections. This can be investgated 
with immunohistochemistry. 



Does high expression of TbRI also correlate with poor prognosis for patients with 
HCC? 
A6: Thank you for your insightful suggestion. In line with your recommendation, we 
examined the correlation between NPC1 and TGFBR1 protein levels in 286 pairs of 
human HCC tissue samples using immunohistochemistry (IHC). Our analysis revealed 
a significant positive correlation between NPC1 and TGFBR1 expression (P < 0.0001, 
R2 = 0.5028) (Below Panel, Revised Fig. 6a-c). To further explore this relationship, we 
performed immunofluorescence staining on HCC tissues with antibodies specific to 
NPC1 and TGFBR1. The results confirmed that high NPC1 expression is positively 
correlated with TGFBR1 levels in these tissues (Below Panel, Revised Fig. 6d-f).  

 

Fig. 6a, Representative images from IHC staining of NPC1 and TGFBR1 in HCC tissues (n = 

286); scale bar, 50 µm.  

Fig. 6b, The Pearson correlation analysis between NPC1 level and TGFBR1 level in HCC 

tissues.  

Fig. 6c, The analysis of TGFBR1 IHC score in HCC tissues with low (n = 174) or high (n = 

112) NPC1 level. 

Fig. 6d, Representative images from Immunofluorescence staining of NPC1 and TGFBR1 in 



HCC tissues (n = 10); scale bar, 20 µm.  

Fig. 6e, The Pearson correlation analysis between NPC1 positive area and TGFBR1 positive 

area in HCC tissues (n = 50). These multiplexed IF staining were performed on ten HCC tissue 

sections from HCC patients, qualifying an average of five regions per sample.  

Fig. 6f, The analysis of the percentages of TGFBR1 positive area in HCC tissues with low (n 

= 13) or high (n = 37) NPC1 level.           

             

             

 
Additionally, we conducted a Kaplan-Meier survival analysis to determine the 

prognostic significance of TGFBR1 expression in HCC patients. Our analysis showed 
that TGFBR1 expression levels were not significantly associated with overall survival 
(OS) or disease-free survival (DFS) (Below Panel A, B). The result suggest that 
TGFBR1s role in HCC progression is more complex. High TGFBR1 expression alone 
may not directly predict poor prognosis in patients with HCC, as the impact of TGF- 
signaling could depend on additional factors such as tumor stage or the presence of 
mutations in downstream effectors23.  
 

 
Legend: (A, B) Kaplan-Meier overall survival (A) and disease-free survival (B) curves of 

individuals with high or low TGFBR1 expression. Statistical significance was determined by 

log-rank test. 

 
Q7: Discussion line 346; Galunisertib is the only TGFbeta pathway inhibitor 
currently under clinical investigation in HCC patients  this should be revised; 
as far as I know is the effect of Galunisertib no longer investigated in clinical trials. 
A7: Thank you for pointing out the outdated information regarding Galunisertib. We 
agree that the statement in the discussion requires revision. As current clinical trials no 
longer investigate Galunisertib for HCC patients, we will update the text accordingly 
to reflect this. We propose revising the sentence to: " Galunisertib, a potent TGFBR1 
inhibitor, has been investigated in clinical trials for HCC24-29." We appreciate your 
attention to this detail and have made the necessary correction to ensure our discussion 
is up to date. 
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Dear Editor, 

Thank you for giving us the opportunity to response the reviewers comments point by 
point, on our manuscript (ID: NCOMMS-23-61307B  NPC1 controls 
TGFBR1 stability in a cholesterol transport-independent manner and promotes 
hepatocellular carcinoma progression      Nature 
Communications. We would like to express our sincere gratitude for the invaluable 
feedback provided by the reviewers and editors. Their detailed and constructive 
comments have greatly contributed to improving the quality of the manuscript. We have 
carefully addressed all remaining comments from the reviewer, which are described 
below, along with our responses to each comment. We hope the responses meet the 
expectations of the reviewers and editors, and we look forward to your feedback. 

 

Reviewer #1  

In this revised version of their manuscript, Li and colleagues have addressed basically 
all comments that I had previously raised. Moreover, they have also addressed point by 
point other reviewers important concerns. 
 
In spite of this, I believe that over-expression of TGFBR1 probably leads to over-
interpretation of some of their conclusions regarding trafficking of this receptor. As the 
authors note, previous studies have shown TGFBR1 internalization independent of 
TGF1 stimulation, however, the recycling compartment has nothing to do with 
lysosomes. Here, in their rebuttal letter, the authors show lysosomal localization of 
TGFBR1 regardless of TGF1-mediated stimulation. This is somewhat unexpected, 
since I would expect an increase in the amount of receptor molecules that reach the 
lysosomal compartment (after internalization), where NPC1 resides. The fact that over-
expressed TGFBR1 localizes in lysosomes at steady state (in unstimulated conditions) 
makes me wonder whether this could be an artefactual effect of over-expression. If a 
good anti-TGFBR1 antibody exists for immunofluorescence experiments, labeling of 
endogenous TGFBR1 in both unstimulated and TGF1-stimulated cells would solve 
this issue. Otherwise, the authors should consider this potential pitfall in their over-
expression system and clearly reflect this issue in the manuscript. 
 
Finally, in their Revised Supplementary Fig. 4e, I noted that TGFBR1 protein levels 
increase from 4 to 24 h of TGF1 stimulation. Is this expected? Others have shown 
lysosomal-mediated TGFBR1 downregulation after TGF  1 stimulation (PMID: 
12717440 ; PMID: 30428352). Please provide some comment to this. 
 
Altogether, I acknowledge the authors efforts to address the multiple concerns raised 
by myself and the rest of reviewers. Overall, the manuscript has increased its quality. 
Publication is recommended after addressing these two minor comments stated above. 



 
Re: We sincerely thank the reviewer for the insightful feedback on the potential impact 
of TGFBR1 over-expression on receptor trafficking and localization. 

To address this concern, we verified that the TGFBR1-mCherry-His construct was 
expressed at a reasonable level in PLC/PRF/5 cells, as shown in the Panel A. 
Importantly, we observed that the overexpression of TGFBR1-mCherry-His had only a 
minor effect on signal transduction, as indicated by the data presented in Panels A-C. 
These findings are consistent with previous reports1-4, suggesting that the 
overexpression of TGFBR1 in our system does not significantly alter its normal cellular 
behavior. 

To further validate our observations, we conducted experiments using three 
commercially available antibodies targeting endogenous TGFBR1. In TGFBR1 
knockdown and control PLC/PRF/5 cells, we performed both Western blot (WB) 
validation and immunofluorescence (IF) analysis. In the WB validation (Below Panel 
D), only antibody ab235578 showed reliable and specific detection of TGFBR1. 
However, in the IF experiments (Panel E), none of the three antibodies demonstrated 
satisfactory specificity for endogenous TGFBR1. As a result, we were unable to 
perform high-quality IF staining of endogenous TGFBR1 using these commercial 
antibodies.We have also revised the manuscript to acknowledge this limitation and to 
emphasize the potential influence of over-expression on our results. 

Therefore, given the limitations of the currently available antibodies for IF 
detection of endogenous TGFBR1, we opted to use the TGFBR1-mCherry-His 
construct for detailed localization studies. We hope these clarifications and additional 
data address your concerns regarding the specificity of TGFBR1 detection in our 
system. 



 

A        

B          

            

            
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C          

        

D             

  

E          



        

 
In response to the second concern about TGFBR1 levels increasing between 4 to 

24 hours of TGF-1 stimulation, we acknowledge that this observation was initially 
unexpected. In our experiments, we observed that TGFBR1 protein levels were indeed 
upregulated in hepatocellular carcinoma (HCC) cells after extended TGF-1 treatment.  

For example, the study referenced by the reviewer (PMID: 30428352) showed no 
significant increase in total TGFBR1 levels under similar conditions. In contrast, the 
findings in PMID: 12717440 emphasize the complexity of TGFBR1 regulation, as 
receptor dynamics can be influenced by cellular context and specific experimental 
conditions. 

Our results suggest that TGFBR1 might be regulated differently in HCC cells, 
potentially due to specific cellular or environmental factors. This discrepancy 
highlights the need for further investigation into the context-dependent behavior of 
TGFBR1, particularly in cancer models.  
 

Reviewer #2  

The authors have satisfactorily addressed my comments. 
 
Re: We are grateful to Reviewer #2 for the positive feedback. We are pleased to hear 
that our previous revisions have satisfactorily addressed your comments. Thank you for 
your thorough review and constructive suggestions, which have helped improve the 
quality of our manuscript. 
 
Reviewer #3 
 
The revised manuscript have included data from additional experiments as suggested. 
I am satisfied with the new data as presented in the revised manuscript and have no 
further questions. 
 
Re: We sincerely thank Reviewer #3 for the positive feedback and for recognizing the 
additional experiments we have included in the revised manuscript. We are pleased that 
the new data has satisfactorily addressed your previous concerns. Thank you for your 
thorough review and valuable input throughout this process. 
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