Reviewer comments and our responses
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<Reviewer 1	>
Comments to Author
The paper by Koh et al, entitled "Annexin II is crucial to ATG7-mediated autophagy, leading to tumor aggressiveness in triple-negative breast cancer cells," presents a work into the role of annexin II in the autophagic processes of TNBC cells. They show that annexin II inactivation blocks autophagosome formation and increases sensitivity to doxorubicin treatment in TNBC cells. They propose that annexin II regulates the transcriptional activation of ATG7 by HSF1, which binds to the ATG7 promoter. They also identify mTORC2 as being important in annexin II-mediated ATG7 transcription by HSF1. Hsp70 is identified as an interacting protein with annexin II, which protects annexin II from lysosomal proteolysis. Finally, the study shows that annexin II knockdown increases the TNBC sensitivity to doxorubicin, suggesting that the inhibition of autophagy by annexin II knockdown may overcome the doxorubicin resistance. The role of annexin II in the tumorigenicity of TNBC is demonstrated in a xenograft mouse model.

Overall, the work presents many interesting observations. The main concern is that it lacks rescued experiments or gain-of-function experiments to confirm the specificity of the target molecule in establishing a direct link between the mTORC2-Hsp70-annexin II-HSF-1-ATG7 axis and autophagy regulation.


- Major points
1. In the manuscript, they conclude that annexin II plays a crucial role in the transcriptional activation of ATG7 gene induced by HSF1. The main concern is that they should provide strong evidence of choosing HSF1 in this study. Given that TFEB and TFE3 are master transcription factors known to regulate the expression of autophagy and lysosome genes, including ATG7, it is indeed possible that they play a role in the transcriptional activation of the ATG7 gene. To provide a more comprehensive understanding of the regulatory mechanisms of annexin II involved, they should consider investigating the potential involvement of TFEB and TFE3 in their study. For example, they showed that starvation increased the binding of HSF1 to the promoter region of ATG7. Since starvation also induces the nuclear translocation and activation of TFEB and TFE3, the potential involvement of TFEB and TFE3 in the regulation of annexin II-dependent autophagy in TNBC, as well as their potential crosstalk with HSF1 should be addressed in their study.

Our response:
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]We appreciate the reviewer's insightful comments regarding the potential involvement of TFEB and TFE3 in our study. The rationale for choosing HSF1 in our study would be that high levels of ATG7 [1] and nuclear HSF1 [2] have been associated with poor survival in breast cancer patients. The positive correlation between HSF1 and ATG7 levels in these patients further supports our in vitro findings. Moreover, we recognize the significance of the phosphorylated form of HSF1 in orchestrating autophagy regulation, specifically through the transcriptional control of ATG7.
Our additional experiments revealed interesting findings:
1) Annexin A2 overexpression increased p-HSF1 (New Fig. 3B and 3C) and ATG7 (New Fig. 2C and 2D) expressions under both nutrient-rich and starvation conditions.
2) The luciferase reporter assay highlighted that annexin A2 enhanced ATG7 promoter activity (New Fig. 3E). These results suggest that annexin A2 regulates ATG7 expression through HSF1 phosphorylation.
3) To explore the potential involvement of TFEB and TFE3 in our study, we observed the translocation of TFEB/TFE3 into the nucleus upon starvation. As shown in New Fig. S3A and S3B, the translocation of TFEB/TFE3 into the nucleus increased upon starvation stimulation, but annexin A2 overexpression itself did not appear to affect the translocation of TFEB/TFE3 into the nucleus.
It has been demonstrated that TFE3 and TFEB, nutrient-sensitive transcription factors, induce transcriptional upregulation of autophagic and lysosomal genes in response to starvation, playing a master regulatory role in autophagy [3]. Although mTOR regulates the translocation of TFEB to regulate autophagy [4], TFEB does not appear to affect ATG7 expression in HeLa cells [5]. In our study, we demonstrated that annexin A2 participates in p-HSF1/ATG7 signaling under both nutrient-rich and starvation conditions. Upon the reviewer’s advice, we added the following sentence “We cannot exclude the potential involvement of TFEB and TFE3 in the regulation of annexin A2-dependent autophagy in TNBC, as well as their potential crosstalk with HSF1.”, in the Discussion section. 
According to these results, we revised Results, Discussion (Page 15, 2nd paragraph) and the proposed model of the manuscript.
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2. In their paper, they conclude the role of annexin II in stimulating autophagy, contributing to tumorigenicity, and chemotherapeutic resistance. However, all experiments in the manuscript are done by inactivation of annexin II. (Q1) It will be very informative to perform the rescued experiments and gain-of-function experiments in supporting their conclusion. For example, they should perform the rescued experiments by expressing an annexin II RNAi-resistant construct alongside annexin II shRNA. (Q2) It will demonstrate that the observed effects are directly attributable to annexin II and not due to off-target effects or unrelated factors. By overexpressing annexin II, they can also assess the effects of increased annexin II expression on the activation of ATG7 and autophagy. This would help establish a direct link between annexin II and the observed effects. (Q3) Moreover, it will be important to examine whether annexin II overexpression promotes tumorigenicity in vivo.

Our response:
Q1: As recommended by the reviewer, we conducted gain-of-function experiments to demonstrate the direct impact of annexin A2 on autophagy induction. 
We observed that annexin A2 overexpression led to an increase in LC3B-II levels upon bafilomycin A1 treatment and autophagic flux, as measured by RFP+GFP+ LC3 puncta (New Fig. 1E and 1F). Furthermore, we confirmed that annexin A2 resulted in elevated p-HSF1 and ATG7 expression (New Fig. 2C, 2D, 3B, and 3C), consistent with the findings obtained with annexin A2 siRNA. These data establish a direct connection between annexin A2 and autophagy induction. 

Q2: We also conducted experiments using two different siRNA sequences targeting annexin A2 (#1 and #2) to rule out potential off-target effects on LC3B and ATG7 levels (New Fig. S1C, S2A).

Q3: In this revised version, we employed a TNBC xenograft mouse model with MDA-MB-231 cells and found that annexin A2 knockdown combined with doxorubicin treatment significantly reduced tumor volume and increased apoptotic cells in vivo compared to doxorubicin treatment alone (New Fig. 7B~7D). Furthermore, the combination of annexin A2 knockdown with doxorubicin completely eliminated tumors in three mice. These findings provide robust support for the role of annexin A2 in promoting autophagy, associating with tumorigenicity and chemotherapeutic resistance in TNBC.
 According to these results, we revised the Results section of the manuscript.

3. The author tried to understand how annexin II regulates autophagy in TNBC. They thus examined the influence of annexin II in the expression of ATG molecules. It is not clear why they only check the expression of ATG7, ATG4B, and ATG5-ATG12. There are many other factors involved in autophagosome formation. It is possible that other autophagy-associated molecules are involved in the regulation of autophagy by annexin II. They exclude the potential involvement of other molecules in the regulation of autophagosome formation by annexin II.

Our response:
We genuinely appreciate the valuable insights by the reviewer. While annexin A2 has been widely recognized as a potential therapeutic target for aggressive cancers, there is indeed a notable gap in the mechanistic research pertaining to its involvement in autophagy. We acknowledge the intricate nature of autophagosome formation, which involves multiple factors. We considered the close association between TNBC and ATG7 [1], which motivated us to investigate the intricate mechanistic relationship between ATG7 and annexin A2 in TNBC. This prompted a deeper exploration of the interactive roles of these autophagy-related factors.
We agree with the reviewer's comment and include additional statements in Discussion section (Page 14, 2nd paragraph) of the revised manuscript.

References 
[1] Desai S, Liu Z, Yao J, et al. Heat shock factor 1 (HSF1) controls chemoresistance and autophagy through transcriptional regulation of autophagy-related protein 7 (ATG7). J Biol Chem. 2013;288(13):9165-9176.

4. In Fig. 2B, they showed that stable knockdown of annexin II decreased the mRNA level of ATG7. How about the influence of annexin knockdown in the mRNA of ATG5-ATG12? The protein levels of both ATG7 and ATG5-ATG12 were decreased upon stable knockdown of annexin II (Fig. 2A). It is not clear why they only focus on ATG7 instead of ATG5-ATG12. Therefore, investigating the mRNA levels of ATG5-ATG12 could provide additional insights into the regulation of autophagy by annexin II.

Our response
The reviewer's query regarding the influence of annexin A2 on the mRNA expression of ATG5-ATG12 is indeed valid. To address this, we conducted additional experiments using both silencing and overexpression of annexin A2. 
As depicted below, annexin A2 did not cause substantial alterations in the mRNA levels of ATG4B, ATG5, and ATG12. ATG7 expression exhibited a significant alteration in response to annexin A2 (Fig. 2A, 2B and New Fig. 2C, 2D). We mentioned these results in Discussion section (Page 15, 1st paragraph) of the revised manuscript.
[image: ]

5. HSF1 is a transcription factor that is known to regulate the expression of many genes involved in the cellular stress responses. More experiments are needed to confirm the direct involvement of HSF1 in annexin II-mediated regulation of autophagy. According to their Fig. 2, they found that annexin II inactivation significantly decreased the phosphorylated form of HSF1 (S326). They can generate HSF1 mutants (phospho active or inactive mutants) to investigate whether the phosphorylation of HSF1 is necessary for its involvement in the regulation of autophagy by annexin II.. Regarding the identification of ATG7 as a direct target of HSF1, they should confirm the direct binding of HSF1 to the ATG7 promoter is important for annexin II-mediated autophagy regulation. They can modify the ATG7 promoter to generate the ATG7 mutant that cannot be targeted by HSF-1 By assessing the effects of this mutant on the transcriptional activation of the ATG7 gene, the researchers can confirm the specific involvement of HSF1 in annexin II-mediated regulation.

Our response
[bookmark: OLE_LINK3][bookmark: OLE_LINK4]The reviewer's suggestion to confirm the effects of HSF1 binding to the ATG7 promoter is highly valuable. To investigate this further, we conducted luciferase reporter assays with a mutant ATG7 promoter in which the HSF1 consensus-binding site (GAAACTTC, at-1602) was deleted [1].
The mutation in the ATG7 promoter significantly reduced luciferase expression compared to the wild-type, which is consistent with previous findings [1] (New Fig. 3E). We showed that overexpression of annexin A2 led to a significant increase in luciferase expression compared to the control (New Fig. 3E). These results strongly support the crucial role of HSF1 in facilitating the transcriptional activation of the Atg7 gene in the context of annexin A2-mediated autophagy regulation.

References 
[1] Desai S, et al., Heat Shock Factor 1 (HSF1) Controls Chemoresistance and Autophagy through Transcriptional Regulation of Autophagy-related Protein 7 (ATG7). J Biol Chem. 2013;288(13): 9165–9176.

6. To identify the signaling pathway(s) responsible for annexin II regulation, they directly examined the role of mTOR pathway in annexin II-mediated regulation of autophagy. Although the mTOR pathway is a major pathway in regulating autophagy, it is not the only pathway involved in this process. It is important to investigate the role of other signaling pathways, such as AMPK, stress pathway, and MAPK pathways, in the annexin II-mediated regulation of autophagy. By exploring the contribution of known pathways in annexin II-regulated autophagy, a more complete understanding of the regulation can be obtained.

Our response
As commented by the Reviewer, we explored the identification of other signaling pathways responsible for annexin A2 regulation. 
As depicted below, we found that an AMPK activator, metformin, inhibited the expression of annexin A2. The downstream signaling of mTORC2, including pAKT (S473) and PKCα, appeared to have differential effects on annexin A2 expression. Specifically, an Akt inhibitor, MK2206, reduced annexin A2 expression, while a PKC inhibitor, Gö 6983, did not induce any significant change. 
   We mentioned these results in Discussion section (Page 16, 2nd paragraph) of the revised manuscript.
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7. To further support the idea that mTORC2 regulates annexin II-mediated autophagy through the HSF1-induced transcription of ATG7, it would be necessary to perform the experiments by activating the mTOR signaling. By doing so, they can examine the effects of mTOR pathway activation on the regulation of annexin II-mediated autophagy and determine if the effects are dependent on the HSF1-induced transcription of ATG7.

Our response
As suggested by the reviewer, we analyzed the protein levels of annexin A2, ATG7, and phosphorylated HSF1 by activating the mTOR signaling with MHY1485. 
MHY1485 is a selective mTOR activator that targets the ATP domain of mTOR [1], resulting in mTORC1 and mTORC2 activation (New Fig. S5). Treatment with MHY1485 increased the protein expression of annexin A2, ATG7, and phosphorylated HSF1, suggesting that mTOR activation by MHY1485 may be linked to the p-HSF1/ATG7 signaling pathway in TNBC cells (New Fig. 4A).

Reference
[1] Feldman et al., Active-site inhibitors of mTOR target rapamycin-resistant outputs of mTORC1 and mTORC2. PLoS Biol 2009;7(2):e38. 

8. It is interesting that Hsp70 interacts with annexin II. According to the software, prediction, they also identify several putative binding sites on annexin II. Since the binding of Hsp70 protect annexin for its degradation, it will be great to map the interacting site/region to provide the information on the mechanism of regulation. They can also generate annexin II mutant that cannot bind to Hsp70 and study its effect on annexin II degradation and autophagy suppression.

Our response
We appreciate the intriguing point raised by the reviewer. In previously established research, the significance of leucine in the Hsp70 binding motif has been documented [1]. To disrupt the interaction between annexin A2 and Hsp70, we prepared three mutant types (L288P, L170P, and L170, 174P) with alterations in leucine residues and attempted to assess their interaction with Hsp70.
   As shown below, the mRNA levels of annexin A2 were high in the mutants. However, the protein levels were significantly low, suggesting that leucine mutations may lead to a substantial decrease in the stability of annexin A2.
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We conducted Co-IP experiments with these myc-tagged proteins but did not detect any binding between annexin II and Hsp70. Given that endogenous annexin A2 binds to HSP70 (Fig. 5D), we speculate that the myc modification may hinder the binding region recognized by the Hsp70 protein, as discussed in the previous study [2]. 
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[2] Nitika and Truman AW. Endogenous epitope tagging of heat shock protein 70 isoform Hsc70 using CRISPR/Cas9. Cell Stress Chaperones. 2018;23(3):347–355.

9. While the study by Koh et al. provides important insights into the role of annexin II in regulating autophagy and ATG7 transcription in the Hs578T, it is important to replicate these experiments in other TNBC cell lines to validate their findings and determine whether they are generalizable across different cell types. 


Our response
[bookmark: OLE_LINK5][bookmark: OLE_LINK6]We extended our investigation to assess the role of annexin A2 in regulating autophagy and p-HSF/ATG7 expression in another TNBC cell line, MDA-MB-231, which is one of the most commonly studied TNBC cell lines [1]. 
As demonstrated in New Fig. S7B and S7C, annexin A2 knockdown resulted in reduced levels of p-HSF1, ATG7 and LC3B-II expression in MDA-MB-231 cells, consistent with the findings observed in Hs578T cells. Furthermore, in a TNBC xenograft mouse model utilizing MDA-MB-231 cells, we illustrated that the combination of annexin A2 knockdown and doxorubicin administration significantly more effectively restrained tumor volume and weight compared to treatment with doxorubicin alone (New Fig. 7B, 7C, and 7D).

Reference
[1] Triple Negative Breast Cancer Cell Lines: One Tool in the Search for Better Treatment of Triple Negative Breast Cancer. Breast Dis. 2010; 32(1-2): 35–48.

10. Minor points: Several annexin II inhibitors have identified, including LCKLSL or the compounds A2ti (J Antimicrob Chemother. 2015 Jun; 70(6): 1686-1690). In addition to use Annexin II siRNA or shRNA, the annexin II inhibitors could be a useful approach to investigate the role of annexin II in autophagy and determine its effect in TNBC. For example, whether cells also become more sensitive to doxorubicin treatment in annexin II inhibitor-treated cells.

Our response
As recommended by the Reviewer, we employed an annexin A2 inhibitor, A2ti-1, to explore its impact on doxorubicin sensitivity. 
Our results indicate that the treatment of A2ti-1 in combination with doxorubicin enhanced the effectiveness of doxorubicin in a dose-dependent manner (New Fig. 6D). These findings strongly suggest that annexin A2 may indeed contribute to the augmentation of doxorubicin sensitivity, thereby providing a promising avenue for enhancing the effectiveness of chemotherapy.

11. Minor points: In Fig. 2A, since starvation activates autophagy, it is not clear why they don't see the increase of annexin II under starvation. Also, the starvation caused the decrease of annexin II levels, it is not entirely clear why the decrease in annexin II expression following starvation did not result in the corresponding decrease in ATG7 and ATG5-ATG12 expression in the study's results.

Our response
[bookmark: OLE_LINK7][bookmark: OLE_LINK8]We appreciate the reviewer's comment. The cells were starved with Hanks balanced salt solution (HBSS) for 0.5, 1, 2, 4, and 6 hours. Throughout the starvation period of up to 6 hours, the endogenous annexin A2 levels remained robust, while LC3B and p62 expressions decreased in a time-dependent manner (New Fig. S1A). We re-conducted the immunoblot analysis and replaced Fig. 2A with new blots to ensure even exposure in all four blots.

12. Minor points: According to the Fig. 1, it indicates that annexin II knockdown decreases the LC3 expression transcriptionally. The mechanism underlying this regulation should be explained.

Our response
[bookmark: OLE_LINK9][bookmark: OLE_LINK10]In the revised version, we conducted a new set of immunoblot analyses to demonstrate that annexin A2 knockdown specifically decreases the levels of LC3B-II (Fig. 1C and New Fig. S1C). As depicted below, annexin A2 did not have a regulatory effect on LC3 mRNA levels, as observed in experiments with annexin A2 silencing and overexpressing cells. We mentioned these results in Discussion section (Page 14, line 8) of the revised manuscript.
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13. Minor points: Is there is special reason to use annxin II in the paper? The official gene symbol for annexin II is ANXA2, and its full name is annexin A2.
실험내용: 공식이름 annexin A2 사용

Our response
As the reviewer pointed out, we replaced annexin II with Annexin A2 throughout the revised manuscript. 

14. Minor points: In Fig. 1E, cells should also be treated with bafilomycin A1 to examine p62 levels. 

Our response
[bookmark: OLE_LINK11][bookmark: OLE_LINK12]We attempted multiple times to investigate the impact of bafilomycin on p62 levels in annexin A2 silencing cells. However, we were unable to obtain convincing data. To confirm whether annexin A2 is involved in the autophagy flux process, we utilized an LC3-RFP-GFP reporter system, which provides a clearer visualization of changes in autophagy flux. As depicted in New Fig. 1D and 1F, our results indicate that annexin A2 indeed plays a significant role in the process of autophagic flux in TNBC cells.

15. Minor points: In Fig. 4B, the experiment should include the heat shock condition (42 degree).

Our response
In response to the reviewer's request, we conducted experiments involving heat shock conditions in Hsp70 silencing cells. As shown below, heat shock increased the expression level of Hsp70 in both control and Hsp70-silencing cells. 
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<Reviewer 2>
Comments to Author
The manuscript from Koh et al investigates the role of Annexin II in ATG7-mediated autophagy and demonstrates that genetic inhibition of Annexin II increased sensitivity to doxorubicin in triple-negative breast cancer cells. The authors showed that Annexin II modulates the ATG7 expression at transcriptional levels triggered by heat shock factor (HSF)1. The authors also showed that Hsp70 interacts with annexin II, and protect annexin II from lysosomal proteolysis in TNBC cells. There are several significant limitations in this study significantly affecting relevance and conclusions. Flaws in designing the work plan: It's difficult to understand the rationale of the study as there is no sync in the experimental set-up, stress factors and carrying the in vitro finding to the in vivo set-up. In addition, the Authors need to address the below-mentioned queries.

As the Reviewer 1 suggested, we changed ‘annexin II’ to’ annexin A2’ in our revised manuscript.

1. Why 2h starvation was taken into consideration, without performing time course analysis?

Our response:
We appreciate the valuable questions raised by the reviewer. Moreau et al. [1] reported that the annexin A2-mediated autophagy via ATG9A trafficking, involved cell starvation with HBSS for 1 - 4 hours to induce autophagy. According to this previous study [1], to investigate the role of annexin A2 in autophagy induction, cells were starved for two hours. 
As suggested by the reviewer, we conducted a time-course analysis. The cells were subjected to starvation with Hanks balanced salt solution (HBSS) for 0.5, 1, 2, 4, and 6 hours. We observed a time-dependent decrease in LC3B and p62 expression, with this reduction beginning at 2 hours, indicative of the initiation of autophagic flux (New Fig. S1A). Our findings revealed that annexin A2 promoted the autophagy process compared to the control under starvation conditions for 2 hours (New Fig. 1C-F). 

References 
[1] Moreau K, et al. Transcriptional regulation of Annexin A2 promotes starvation-induced autophagy. Nat Commun. 2015;6:8045. 

2. Whether Annexin II expression altered with prolonged starvation and how it affects starvation-induced autophagy?

Our response:
As the reviewer’s comment, we conducted a time-course analysis under starvation conditions as previously mentioned (comment #1). Throughout the starvation period of up to 6 hours, annexin A2 level remained unchanged. 
We observed that annexin A2 and LC3B exhibited partial co-localization in the peripheral region of the cell under nutrient-rich conditions, as revealed by immunofluorescence microscopy. Following 2 hours of starvation, annexin A2 repositioned alongside LC3B in the perinuclear region (New Fig. S1B). This observation aligns with previous findings showing co-localization of LC3 puncta with annexin A2 following IFN-gamma treatment [1]. Additionally, it has been reported that phosphorylated mTOR interacts with annexin A2, causing a shift in its subcellular location from the periphery of the plasma membrane to the perinuclear region, thereby inducing autophagy under serum starvation [2]. These findings collectively suggest that annexin A2 may indeed involve in autophagosome trafficking and the autophagic flux process under starvation condition.

References 
[1] Chen YD, et al., Exophagy of annexin A2 via RAB11, RAB8A and RAB27A in IFN-γ-stimulated lung epithelial cells. Sci Rep. 2017;7:5676.
[2] Mukhopadhyay S, et al., Identification of Annexin A2 as a key mTOR target to induce roller coaster pattern of autophagy fluctuation in stress. Biochim Biophys Acta Mol Basis Dis. 2020;1866(12):165952.


3. Knockdown efficiency using shAnnexin is not consistent throughout the manuscript, authors need to perform all the experiments or provide additional blots confirming the complete inhibition of endogenous Annexin II level.

Our response: 
As the reviewer commented, we have conducted additional experiments and included additional blots related to gene silencing with shRNA targeting annexin A2. 
The effectiveness of annexin A2 inhibition using shRNA molecules was confirmed through both immunoblotting and qRT-PCR (New Fig. 2A and New Fig. 2B). Additionally, we utilized siRNA molecules targeting annexin A2 to validate the results obtained with shRNA targeting annexin A2, with annexin A2 levels confirmed through qRT-PCR (New Fig. S2A). 
Furthermore, we substantiated the role of annexin A2 in the induction of autophagy using an annexin A2-overexpression construct. Our findings indicated that annexin A2 overexpression led to an increase in LC3B-II levels upon bafilomycin A1 treatment and promoted autophagic flux, as evidenced by measuring RFP+GFP+ LC3 puncta (New Fig. 1E and 1F). Additionally, we demonstrated that annexin A2 overexpression resulted in an increase in p-HSF1 and ATG7 expression (New Fig. 2C, 2D, 3B, and 3C), consistent with the results obtained from annexin A2 knockdown experiments.
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4. (Q1) How does the starved cell show less expression of LC3 II than the fed condition (LN1 vs LN5) in Figure 1C? (Q2) Moreover, inhibition of Annexin II reduces the expression of both LC3I and LC3II which needs to be discussed. (Q3) The authors should replace the data with a new one including all eight conditions in blot for even exposure.

Our response:
Q1: The reviewer raised a concern about the difference of LC3B-II levels between nutrient-rich and starvation conditions. The Hs578T cell displayed decreased LC3B-II expression after 2 hours of starvation compared to the fed condition, indicating the start of autophagic flux.
We observed a time-dependent decrease in LC3B and p62 expression, with this reduction beginning at 2 hours, indicative of the initiation of autophagic flux (New Fig. S1A). Overexpression of annexin A2 stimulated the autophagy process under starvation for 2 hours (New Fig. 1E and 1F). 

Q2: We conducted a new set of immunoblot analyses and showed the expressions of LC3B-I and LC3B-II upon inhibition of annexin A2 in the revised manuscript. As shown in Fig. 1C and New Fig. S1C, annexin A2 knockdown specifically decreased the level of LC3B-II, but not that of LC3B-I.

Q3: As recommended by the reviewer, we attempted to replace the data with a new one including all eight conditions in blot for even exposure (below). Due to space limit, however, we would prefer to present the data on starved condition only as shown in New Fig. S1C.   
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5. Panel D showed opposite results as previously authors claimed that shAnnexin reduces LC3 levels there should not be any puncta, but authors show a significant reduction in Red: yellow puncta (representing higher autophagosome). Moreover, authors should use Annexin II deficient cells and perform the above experiments in starved and fed conditions.

Our response:
We appreciate the reviewer's comment. To provide a more precise evaluation of the RFP+GFP+ LC3 puncta, we re-conducted the experiment using annexin A2 silencing cells in starved and fed conditions. 
Annexin A2 silencing led to a decrease in the number of RFP+/GFP+ LC3 puncta (autophagosomes) and RFP+/GFP- LC3 puncta (autolysosomes) during starvation, as shown in New Fig. 1D. Annexin A2 overexpression significantly increased both autophagosomes and autolysosomes (New Fig. 1F). We also observed that annexin A2 regulated autophagosomes in nutrient-rich conditions (New Fig. S1D and S1E). These findings collectively demonstrate the significant role of annexin A2 in inducing autophagic flux. In the revised figure, we have corrected the labeling to 'RFP+/GFP+ ' and 'RFP+/GFP-' LC3 instead of 'Red:yellow puncta'. 

6. Figure 2C: (Q1) The author should provide the fold change of pHSF1:HSF1 to show inhibition of phosphorylation status rather than calculating the change with ACTB. (Q2) The mechanistic pathway of p-HSF1 translocation to nucleus is missing.

Our response:
(Q1) As suggested by the reviewer, we calculated the fold change of pHSF1:HSF1. The level was significantly decreased by annexin A2 knockdown, and we replaced the data in New Fig. 3A.

(Q2) To investigate the mechanistic pathway of phosphorylated HSF1 translocation to the nucleus, we conducted immunofluorescence analysis to detect the localization of phosphorylated HSF1. 
Interestingly, p-HSF1 was predominantly located in the nucleus, and higher fluorescence intensity of p-HSF1 was observed in annexin A2-overexpressing cells compared to the control (New Fig. 3C). Annexin A2 overexpression also increased the expression of phosphorylated HSF1, consistent with the results obtained from immunoblotting analysis (New Fig. 3B).
Our additional experiments revealed interesting findings:
Annexin A2 overexpression increased p-HSF1 and ATG7 expression in response to both nutrient-rich and starvation conditions (New Fig. 2C, 2D, 3B, and 3C).
As shown in New Fig. 3E, the luciferase reporter assay highlighted that annexin A2 enhanced ATG7 promoter activity. These results suggest that annexin A2 regulates ATG7 expression through HSF1 phosphorylation.
HSF1 is inactive in its monomeric form and is present in both the cytoplasm and nucleus in the resting state [1]. Under stress conditions, HSF1 trimerizes and more readily translocates to the nucleus. In the nucleus, HSF1 is further phosphorylated and fully activated to enhance its transcriptional activity during heat shock [2]. Previous research has shown that treatment with a chemotherapeutic agent increases trimer formation and nuclear translocation of HSF1 [3]. The high levels of ATG7 [3,4] and nuclear HSF1 [5] have been associated with poor survival in breast cancer patients. The positive correlation between the levels of HSF1 and ATG7 in these patients further supports our in vitro findings. Our results suggest that annexin A2 phosphorylates HSF1, mainly located in the nucleus of TNBC cells, which in turn stimulates ATG7 promoter activity and autophagy induction.
We revised the manuscript according to these result in Introduction (Page 4, 2nd paragraph), Results, Discussion (Page 15, 2nd paragraph) section and the proposed model. 

The HSF1 activation and attenuation cycle, involving trimerization, multiple PTMs  
and feedback from heat shock proteins (HSPs). In the resting state, HSF1 is a monomer  
in both the cytoplasm and nucleus. Monomeric HSF1 is already a phosphoprotein under 
non-stress conditions and it interacts with HSP90. On stress, HSF1 dissociates from the 
HSP90 complex, allowing HSF1 to trimerize and bind to the heat shock elements (HSEs) 
in HSP genes. Several PTMs, such as phosphorylation and sumoylation, are involved in 
regulating the transactivation capacity of HSF1. HSF1 acquires transcriptional activity, 
which is abrogated during the attenuation phase. Attenuation involves two regulatory 
steps: negative feedback from HSPs, which represses the transactivation of DNA-bound 
HSF1, and inhibition of DNA binding by the acetylation of Lys80 in the DBD of HSF1.  
The sirtuin SIRT1 regulates the attenuation phase of the heat shock response by 
preventing HSF1 acetylation42
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7. Figure 3: (Q1) Authors need to perform densitometry analysis to crosscheck the knock-down efficiency of mTOR, Raptor, and Rictor, as the western blot data are not convincing to proceed with the further experimental analysis. (Q2) In 3C the siRictor 2 showed more prominent results than siRictor 1 but its effect on Annexin II shows an altered effect. (Q3) Moreover, like 2C author should provide the fold change of pHSF1:HSF1 in 3E to support their claim.

Our response:
(Q1) As suggested by the Reviewer, we conducted densitometry analysis to verify the knockdown efficiency of mTOR, Raptor, and Rictor. We confirmed a significant decrease in protein expression with only the siRNA molecules. The relative protein expression has been included in New Fig. 4B.

(Q2) To provide a more precise evaluation on the effects of two siRNA molecules targeting rictor (siRictor #1 and #2), we repeated the experiment and replaced with the more convincing data (New Fig. 3C). 
As consistent with our original data, bafilomycin A1-accumulated LC3B-II, ATG7 and annexin A2 level was significantly decreased by siRictor #1 and #2 (Fig. 4C in the revised manuscript). Also, the qRT-PCR analysis showed that siRictor #1 and #2 reduced the mRNA expression by 0.46-fold and 0.39-fold, respectively, compared to the control. We replaced these data in New Fig. 4C and 4D.

(Q3) In response to the reviewer's suggestion, we calculated the fold change of pHSF1:HSF1. The phosphorylated HSF1 level was significantly decreased by Rictor knockdown, and we have replaced the data in New Fig. 4E.

8. Moreover, authors should perform additional in vitro assays showing the apoptosis induction in Annexin-deficient cells treated with doxorubicin such as flow cytometry analysis using ANXA5/PI dual staining, western blot-based expressional analysis of apoptosis markers such as clPARP, clCASP3, BAX, BCL2.

Our response:
[bookmark: OLE_LINK17][bookmark: OLE_LINK18]As the Reviewer’s suggestion, we conducted flow cytometry analysis to demonstrate the induction of apoptosis by annexin A2 knockdown combined with doxorubicin treatment. 
When treated with doxorubicin alone, there was an increase in the proportion of apoptotic cells compared to the vehicle control (3.96% vs. 8.56%). Furthermore, annexin A2 silencing in combination with doxorubicin treatment further increased this proportion (11.74%). These results have been added to New Fig. 6C.
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9. Figure 6: Authors need to provide additional data to support their claim i.e., increase in doxorubicin sensitivity with response to Annexin II knock-down such as Tumor volume, size, nature of cell death (Tunel Assay), Immunohistochemistry analysis showing the expressional alteration of apoptosis marker along with LC3 puncta positive cells counting.

Our response:
To provide additional supportive data for our in vitro research, we conducted an investigation to assess whether doxorubicin sensitivity increases in response to annexin A2 knockdown in vivo. 
We established a TNBC xenograft mouse model using MDA-MB-231 cells transfected with shRNA targeting annexin A2 or scrambled shRNA. After a week, tumors had developed, and we administered doxorubicin (3 mg/kg) or PBS intravenously once a day for 3 weeks. Tumor-bearing mice were randomly assigned to four groups (n = 7): sh control-PBS, sh control with doxorubicin treatment, sh Annexin A2-PBS, sh Annexin A2 with doxorubicin treatment. Tumor volume (mm3) was measured three times a week for three weeks using calipers.
First, we confirmed that annexin A2 knockdown reduced the expression of p-HSF1, ATG7, and LC3B-II in MDA-MB-231 cells (New Fig. S7B and S7C). Annexin A2 knockdown alone did not affect tumor growth and volume, but the combination of annexin A2 knockdown and doxorubicin administration significantly reduced tumor volume compared to doxorubicin treatment alone (New Fig. 7B and 7C). Moreover, the combination of annexin A2 knockdown with doxorubicin completely eliminated tumors in three mice. The body weights of the mice did not change in all four groups (New Fig. S7D). The TUNEL assay showed an increased number of apoptotic nuclei in the tumor tissues derived from the annexin A2 knockdown group compared to tissues from the control group. Furthermore, the level of TUNEL-positive cells was significantly higher in the tumor tissues from the combination group (New Fig. 7E). These results suggest that the inhibition of annexin A2 has a substantial impact on enhancing apoptosis and sensitizing doxorubicin treatment in the MDA-MB-231 xenograft tumor model.

10. Authors should be more specific about their findings while discussing their results with the existing literature.

Our response:
We sincerely appreciate the valuable advice provided by the reviewer. We revised the Discussion section by addressing our findings more specifically compared to the existing literature (Page 15, 2nd paragraph). 

11. It is not clear why authors performed some experiments with shAnnexinII and other in siAnnexinII.

Our response:
In order to rule out the potential off-target effects, we used shAnnexin A2 and/or two siAnnexinA2 (#1 and #2) with different sequences. Additionally, we have employed an overexpression vector for annexin A2 to further confirm the results obtained with annexin A2 knockdown.

Minor:
1. The molecular weight of each protein in the western blot panel is missing.

Our response:
As suggested by the Reviewer, we added the molecular weight of each protein in the immunoblotting panel.



<Reviewer 3>
Comments to Author
The authors investigated the role of annexin II in autophagic processes of TNBC cells and found that it positively regulates the autophagy of TNBC cells. They discovered that annexin II-mediated ATG7 transcription by HSF1 was dependent on mTORC2, and Hsp70 may protect annexin II from lysosomal proteolysis. The inhibition of autophagy by annexin II knockdown may overcome doxorubicin resistance. These results support the main conclusions. Some comments need to be addressed:

As the Reviewer 1 suggested, we changed ‘annexin II’ to ‘annexin A2’ in our revised manuscript.

1. In this manuscript, the experiments lacked (Q1) the effects of overexpression of Annexin II on autophagy, (Q2) as well as the influence of mTOR or Rictor overexpression on Annexin II expression.

Our response:
Q1: We acknowledge the reviewer's comments. In this revision, we investigated the effects of overexpression of annexin II on autophagy. We have included gain-of-function experiments to elucidate the direct role of annexin A2 in autophagy induction. 
Our findings indicate that overexpression of annexin A2 increases LC3B-II levels following bafilomycin A1 treatment and augments autophagic flux, as measured by RFP+/GFP+ LC3 puncta (New Fig. 1E, 1F, and New Fig. S1D). Additionally, we have demonstrated that annexin A2 leads to an upregulation of p-HSF1 and ATG7 expression (New Fig. 2C, 2D, 3B, and 3C), which is consistent with the results obtained using annexin A2 siRNA. The luciferase reporter assay highlights annexin A2's capacity to enhance ATG7 promoter activity (New Fig. 3E). Consequently, these data reveal that annexin A2 regulates ATG7 expression through HSF1 phosphorylation to control autophagy

Q2: In response to the reviewer’s comment, we made efforts to introduce the Rictor construct [2] to investigate the role of mTOR complex (mTORC)2 in annexin A2 expression. Despite various attempts with different DNA amounts and incubation times for transfection, we were not able to detect Rictor expression. In contrast, we successfully overexpressed Raptor, a component of mTORC1. We suggest that Rictor expression may be tightly regulated in these Hs578T cells.
[image: ] 

To investigate the role of the mTOR pathway in annexin A2 expression, we employed MHY1485, a selective mTOR activator that targets the ATP domain of mTOR [1]. 
As shown in New Fig. S5, MHY1485 effectively activated both mTORC1 (p-p70S6K) and mTORC2 (p-mTOR-S2481) in Hs578T cells. Treatment with MHY1485 resulted in increased protein expression of annexin A2, ATG7, and phosphorylated HSF1, suggesting that mTOR activation by MHY1485 treatment may be linked to the p-HSF1/ATG7 signaling pathway in TNBC cells (New Fig. 4A). 

Reference
[1] Feldman et al., Active-site inhibitors of mTOR target rapamycin-resistant outputs of mTORC1 and mTORC2. PLoS Biol 2009 10;7(2):e38. 

2. It would be preferable to label RFP/GFP-LC3 on the IF image in Fig. 1D.

Our response:
As recommended by the reviewer, we labeled ‘RFP+/GFP+’ and ‘RFP+/GFP-’ on the IF image in New Fig. 1D, Fig. 1F, Fig. S1D and Fig. S1E.
Annexin A2 silencing led to a decrease in the number of RFP+/GFP+ LC3 puncta (autophagosomes) and RFP+/GFP- LC3 puncta (autolysosomes) during starvation, as shown in New Fig. 1D. Annexin A2 overexpression significantly increased both autophagosomes and autolysosomes (New Fig. 1F). We also observed that annexin A2 regulated autophagosomes in nutrient-rich conditions (New Fig. S1D and S1E).

3. How annexin II affected the transcription of ATG5-ATG12 in TNBC cells in Fig. 2 needs clarification.

Our response:
The reviewer's query regarding the influence of annexin A2 on the mRNA expression of ATG5-ATG12 is indeed valid. In response, we conducted additional experiments involving both the silencing and overexpression of annexin A2. 
Our findings indicate that annexin A2 did not significantly affect the mRNA levels of ATG4B, ATG5, and ATG12. ATG7 expression exhibited a significant alteration in response to annexin A2 (Fig. 2B and New Fig. 2C and 2D). We addressed these results in Discussion section of the revised manuscript (Page 15, 1st paragraph).
[image: ]

4. The Figure legends of in Fig. 2D and 3F were not detailed enough. If the bands represented the amount of "ATG7 promoter" detected by RT-PCR, it would be better to mark them beside the bands.

Our response:
As recommended by the Reviewer, we have labeled 'ATG7 promoter' beside the bands and revised the Figure legends of Fig. 3D and 4F.
In the ChIP assay, we employed the HSF1 antibody to selectively capture the ATG7 promoter. Initially, cells were subjected to knockdown using two siRNA molecules targeting annexin A2 or scrambled siRNA and then were starved in HBSS for 2 h. Chromatin was immunoprecipitated with specific antibodies against HSF1. DNA was amplified by PCR using primers covering the binding site for HSF1 in the ATG7 promoter (-1809 to -1412) and separated on 1 % agarose gel. The relatively increased band intensity indicated that the binding of HSF1 protein to ATG7 promoter was increased.

5. The conclusion that "These data suggest that mTORC2 may affect autophagy through the transcriptional regulation of annexin II, independently of the mTORC1 pathway," is not correct, since that " the mRNA level of annexin II was not affected by knockdown of mTOR, Raptor, or Rictor".

Our response:
We sincerely appreciate the reviewer’s correction. We revised the sentence as follows. “These data suggest that mTORC2 may affect autophagy through the translational regulation of annexin A2, independently of the mTORC1 pathway.” in Page 9, line 18.

6. For. 3D, the background of the WB strip should be consistent with others and adjusted to white.

Our response:
As recommended by the reviewer, we have adjusted the background of the immunoblotting strip (Fig. 3C in the original figure) to match the white background used in the other figures (Fig. S4E in the revised figure). 
In the original figure, Fig. 3D displayed DNA bands on an agarose gel resulting from RT-PCR, while Fig. 3C represented the immunoblots. Therefore, we have revised Fig. 3C in the original figure.

7. In the animal experiments, it remains unclear how the tumor incidence rate was calculated. It would be helpful if the authors could provide information regarding the size of the tumors or images of the tumors.

Our response:
In response to the reviewer's comment, we have included a graph depicting tumor size in tumor-bearing mice (New Fig. S7A). Tumor volume was measured three times per a week using caliper for 17 days. The tumor incidence was calculated as the ratio of tumor-bearing mice (n) to total mice (n). We incorporated the results and revised the Methods (Page 23).
Annexin A2 knockdown showed a tendency to slow tumor growth in the Hs578T xenograft model, this effect was not statistically significant. Similarly, in the MDA-MB-231 TNBC xenograft model, knockdown of annexin A2 alone did not significantly impact tumor growth or volume. However, when annexin A2 knockdown was combined with doxorubicin administration, a more significant reduction in tumor volume was observed compared to doxorubicin treatment alone (New Fig. 7B and 7C). These results suggest that inhibiting annexin A2 has a substantial impact on sensitizing doxorubicin treatment in the MDA-MB-231 xenograft tumor model.

21

image3.png
Putative Hsp70 binding sites

vy

N[ ] Il L1 1l

|c

[ Annexin repeat
< Point mutation

P I
oo o ao
60 606 o
*
3
*
¥
3
*
¥
3
*
¥
3

Relative Annexin A2
RNA expression
o

0

ANXA2-WT - + - - -
ANXA2-L.288P - - + - -
ANXA2-L170P - - - + -

ANXA2-L170,174P - - - - +

L228P-myc
L170P-myc
L170,174P-myc

Myc

a-tubulin




image4.png
ns.

ns.

uoissaldxa YNYW
ge07 dAREI_RY

ns.

ns.

NO®©O<T AN O
-~ <0 oo o

uoissaldxa YNYW
ge07 dAREI_RY

HBSS -

Annexin A2-myc

si Annexin A2 #1
si Annexin A2 #2




image5.png
siHsp70
Heat

+

75

——— —

37

Hsp70

B-actin




image6.png
Fig. 2A Fig. $1C Fig. 2C

shAnnexin A2 - + - + siAnnexin A2 -+ - + Annexin A2-myc -+ -+
HBSS - - + + BafilomycinA1 - - + + HBSS - - + +
S - - - Annexin A2 37- wm == @@ == | Annexin A2 37} e e |Myc
o | ————— B-actin 7. - |socn 37| == aw a» @ |p-actin
Fig. 2B Fig. S2A Fig. 2D
1.2 1.2
P12 L e wax
£ 10 cg 10 cg 10
$9 o8 s 508 g g os
E%OS *x E%OS - E%OS
_g< 0.4 .g<04 g< 0.4
5% o2 T 02 T 02
¢E 4 ¢E o ¢E o
sh Annexin A2 - + si Annexin A2 #1 - + - Annexin A2-myc - +

siAnnexin A2#2 - - +




image7.png
Nutrients Starvation

siAnnexinA2 - + - + -+

BafilomycinA1 - - + + P
15- . LC3BI
S — & «» || C3B-II
40 - - «» — a» — | Annexin A2
40| —-—-— e = | B-actin





image8.png
Rictor-myc - + - - +

Raptor-myc - - + - - +
HBSS - - - + + +
250-
150+ - = | Raptor-myc

50-| ——— | o-tubulin





image1.png
12
1.0
0.8
0.6
0.4
0.2

0
si Annexin A2 #1
si Annexin A2 #2

Relative mRNA
expression

2.0

15

1.0

Relative mRNA
expression

0.5

0
Annexin A2-myc

HBSS

ATG4B

ATG4B

12
1.0
0.8
0.6
0.4
0.2

1.4
12
1.0
0.8
0.6
0.4
0.2

ATG5

ATG5

2.0
15
1.0

0.5

ATG12

ATG12

12
1.0
0.8
0.6
0.4
0.2

200

150

100

50

Annexin A2




image2.png
A

Metformin

0 10 20 mMm

B

Akt Inhibitor

0 1 5

Annexin A2

p-mTOR (S2481)

mTOR

B-actin

[od
uM G66983 0 1 5 pM
Annexin A2 —_ = Annexin A2
B-actin |- | 3-actin
pAkt (T450) - pPKCay/p
Akt (S473) - PKC

Akt





