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1st Editorial Decision 14th Apr 2025

14th Apr 2025
Dear Dr. Ma,

Thank you for the submission of your manuscript to EMBO Molecular Medicine, and please accept my apologies for the unusual
delay in getting back to you. We have now received feedback from two of the three reviewers who agreed to evaluate your
manuscript. As the referee #3 will unfortunately not be able to return his/her report in a timely manner, and given that both
reviewers provide very similar recommendations, we prefer to make a decision now in order to avoid further delay in the
process. Should referee #3 provide a report, we will send it to you, with the understanding that we will not ask for an additional
revision.

As you will see from their reports pasted below, both referees recognize potential interest of the manuscript but also raise
serious and partially overlapping concerns that should be addressed in a major revision. If you would like to discuss further the
points raised by the referees, | am available to do so via email or video. Let me know if you are interested in this option.

Further consideration of a revision that addresses reviewers' concerns in full will entail a second round of review. EMBO
Molecular Medicine encourages a single round of revision only and therefore, acceptance or rejection of the manuscript will
depend on the completeness of your responses included in the next, final version of the manuscript. For this reason, and to save
you from any frustrations in the end, | would strongly advise against returning an incomplete revision.

We would welcome the submission of a revised version within three months for further consideration. Please let us know if you
require longer to complete the revision.

I look forward to receiving your revised manuscript.

Yours sincerely,
Zeljko Durdevic
Zeljko Durdevic

Editor
EMBO Molecular Medicine
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When submitting your revised manuscript, please carefully review the instructions that follow below. We perform an initial quality
control of all revised manuscripts before re-review; failure to include requested items will delay the evaluation of your revision.

We require:

1) A .docx formatted version of the manuscript text (including legends for main figures, EV figures and tables). Please make sure
that the changes are highlighted to be clearly visible.

2) Individual production quality figure files as .eps, .tif, .jpg (one file per figure). For guidance, download the 'Figure Guide PDF":
(https://www.embopress.org/page/journal/17574684/authorguide#figureformat).

3) A .docx formatted letter INCLUDING the reviewers' reports and your detailed point-by-point responses to their comments. As
part of the EMBO Press transparent editorial process, the point-by-point response is part of the Review Process File (RPF),
which will be published alongside your paper.

4) A complete author checklist, which you can download from our author guidelines
(https://'www.embopress.org/page/journal/17574684/authorguide#submissionofrevisions). Please insert information in the
checklist that is also reflected in the manuscript. The completed author checklist will also be part of the RPF.



5) Please note that all corresponding authors are required to supply an ORCID ID for their name upon submission of a revised
manuscript.

6) It is mandatory to include a 'Data Availability' section after the Materials and Methods. Before submitting your revision, primary
datasets produced in this study need to be deposited in an appropriate public database, and the accession numbers and
database listed under 'Data Availability'. Please remember to provide a reviewer password if the datasets are not yet public (see
https://www.embopress.org/page/journal/17574684/authorguide#dataavailability).

In case you have no data that requires deposition in a public database, please state so in this section. Note that the Data
Availability Section is restricted to new primary data that are part of this study.

7) For data quantification: please specify the name of the statistical test used to generate error bars and P values, the number
(n) of independent experiments (specify technical or biological replicates) underlying each data point and the test used to
calculate p-values in each figure legend. The figure legends should contain a basic description of n, P and the test applied.
Graphs must include a description of the bars and the error bars (s.d., s.e.m.). See also 'Figure Legend' guidelines:
https://www.embopress.org/page/journal/17574684/authorguide#figureformat

8) At EMBO Press we ask authors to provide source data for the main manuscript figures. You will receive a separate email with
instructions for providing source data with your revised manuscript, including how to upload and organize the files.

9) Our journal encourages inclusion of *data citations in the reference list* to directly cite datasets that were re-used and
obtained from public databases. Data citations in the article text are distinct from normal bibliographical citations and should
directly link to the database records from which the data can be accessed. In the main text, data citations are formatted as
follows: "Data ref: Smith et al, 2001" or "Data ref: NCBI Sequence Read Archive PRINA342805, 2017". In the Reference list,
data citations must be labeled with "[DATASET]". A data reference must provide the database name, accession
number/identifiers and a resolvable link to the landing page from which the data can be accessed at the end of the reference.
Further instructions are available at .

10) We replaced Supplementary Information with Expanded View (EV) Figures and Tables that are collapsible/expandable
online. A maximum of 5 EV Figures can be typeset. EV Figures should be cited as 'Figure EV1, Figure EV2" etc... in the text and
their respective legends should be included in the main text after the legends of regular figures.

- For the figures that you do NOT wish to display as Expanded View figures, they should be bundled together with their legends
in a single PDF file called *Appendix*, which should start with a short Table of Content. Appendix figures should be referred to in
the main text as: "Appendix Figure S1, Appendix Figure S2" etc.

- Additional Tables/Datasets should be labeled and referred to as Table EV1, Dataset EV1, etc. Legends have to be provided in
a separate tab in case of .xIs files. Alternatively, the legend can be supplied as a separate text file (README) and zipped
together with the Table/Dataset file.

See detailed instructions here:

11) The paper explained: EMBO Molecular Medicine articles are accompanied by a summary of the articles to emphasize the
major findings in the paper and their medical implications for the non-specialist reader. Please provide a draft summary of your
article highlighting

- the medical issue you are addressing,

- the results obtained and

- their clinical impact.

This may be edited to ensure that readers understand the significance and context of the research. Please refer to any of our

published articles for an example.

12) Author contributions: You will be asked to provide CRediT (Contributor Role Taxonomy) terms in the submission system.
These replace a narrative author contribution section in the manuscript.

13) A Conflict of Interest statement should be provided in the main text.



14) Every published paper now includes a 'Synopsis' to further enhance discoverability. Synopses are displayed on the journal
webpage and are freely accessible to all readers. They include a short stand first (maximum of 300 characters, including space)
as well as 2-5 one-sentences bullet points that summarizes the paper. Please write the bullet points to summarize the key NEW
findings. They should be designed to be complementary to the abstract - i.e. not repeat the same text. We encourage inclusion
of key acronyms and quantitative information (maximum of 30 words / bullet point). Please use the passive voice. Please attach
these in a separate file or send them by email, we will incorporate them accordingly.

Please also suggest a striking image or visual abstract to illustrate your article as a PNG file 550 px wide x 300-600 px high.

15) Include a Reagents and Tools Table as part of the Methods section, which can be downloaded from our author guidelines
(https://www.embopress.org/page/journal/17574684/authorguide#structuredmethods)

EMBO Molecular Medicine has a "scooping protection” policy, whereby similar findings that are published by others during
review or revision are not a criterion for rejection. Should you decide to submit a revised version, | do ask that you get in touch
after three months if you have not completed it, to update us on the status.

*kkkk

***** Reviewer's comments
Referee #1 (Comments on Novelty/Model System for Author):

The topic is overall interesting, although the work focuses on applying the existing Al tools, but not really developing some new
tools, to facilitate the identification of new compounds. The story could be more interesting if the authors could work out the
mechanism on how the binding of PP10 and PP24 to CD133 could lead to distinct effects on the signalling pathways
structurally. More detailed comments appended below.

Referee #1 (Remarks for Author):

In this work, the authors used the BindingDB to train a Transformer-based compound-protein interaction deep learning model.
Using the algorithm, 29 compounds were identified to be potentially interacting with the CD133, which is expressed in various
types of cancer cells compared to the adjacent normal tissue cells. Among the compounds, PP10 and PP24 exhibit significant
cytotoxic activities. The authors then elucidated the mechanisms of the two compounds and found that PP10 exerts anti-tumour
effect via inhibiting the PISK/AKT/mTOR pathway while the PP24 exerts its effect via inhibiting Wnt/B-catenin pathway. Finally,
the authors validated the anti-tumour effect of PP10 and PP24 using patient derived organoids and subcutaneous xenograft
mouse models. Several comments are appended below:

1. The authors used the Byte Pair Encoding which represents amino acids with binary vectors only. Would other encoding
methods like physiochemical properties encoding or evolution-based encoding improve the performance of the model?

2. How the direct inhibition of CD133 would affect the downstream PI3K or Wnt signalling? Does CD133 involve in these
pathways for cell signalling? What is the mechanism?

3. It would be commendable for the authors to work out the mechanism and elaborate more on how the binding of PP10 and
PP24 to CD133 could lead to distinct effects on the signalling pathways structurally.

4. Would PP10 and PP24 exerts cytotoxicity to CD133 negative cancer cells?

5. According to the KEGG analysis for the treatment of PP24 (Fig.6b), why estrogen signalling pathway is highly enriched in
HCT116 cell line? How about the KEGG analysis result for DLD1 cell line?

Referee #2 (Comments on Novelty/Model System for Author):

The drug validation was not conducted in models that would enable the assessment of compound selectivity and CD133
specificity. Consequently, the study lacks biological evidence to support the validity of the Al-based drug discovery approach.
These concerns are outlined in the comments to the authors, along with suggestions for addressing them.

Referee #2 (Remarks for Author):

This manuscript presents an interesting Al-guided screening strategy to identify natural compounds targeting prominin-1
(CD133), a protein commonly associated with cancer stem cells and poor cancer survival. Given the limited options to
therapeutically target this protein so far, the incorporation of deep learning into early-phase drug discovery presents a notable
strength of this work. The authors screened a library of 1,123 traditional Chinese medicine-derived molecules in silico to identify



29 compounds potentially interacting with CD133. From these, two steroidal saponins-polyphyllin V (PP10) and polyphyllin H
(PP24)-were selected and validated in vitro and in vivo. This study demonstrated the antitumor effects of PP10 and PP24 in
various cancer models and described potential molecular mechanisms of action. Nonetheless, as detailed in the comments
below, the relevance of these findings and the utility of the reported Al-based approach for identifying CD133-targeted
therapeutics remain uncertain due to limited biological evidence on compound selectivity and CD133 specificity, which
undermines the conclusions and impact of the study.

First, the rationale for selecting the most potent drugs is not clearly described. In the first in vitro validation of the hits, CL6
showed the lowest IC50 in CRC HCT116 cells. However, it was not further analyzed in the panel of cell lines (Extended Data
Fig. 2). Although the top 6 identified compounds are not described in full names (except for polyphyllin V and polyphyllin H),
Refs 39,49 used to support that CL6 has been already studied (Page 6, first paragraph) do not contain any information on CL6,
as these Refs focus on polyphyllin 1l and VII. Since CL6 showed the most potent antiproliferative effects of the identified
candidates, it is important to validate CL6's CD133-specific antitumor activities. Otherwise, the authors should provide a strong
rationale for excluding CL6, the top hit in silico and in vitro, from this Al-based discovery and validation of CD133-targeting
drugs.

A major concern is the lack of functional validation of the selective CD133-dependent activities of the studied drugs, PP10 and
PP24. As natural compounds often show complex effects on multiple cellular targets, the observed activities may be
independent of their binding to CD133. However, there are no mechanistic experiments to support that the described antitumor
properties and different effects on cell signaling, mitochondrial physiology, and cell death are caused by blocking CD133 activity.
Several related comments that should be addressed are listed below:

1) Cellular thermal shift assay (CETSA) experiments represent crucial biological evidence of direct binding of the drugs to
CD133. However, the results and analysis presented are not technically sound: (i) Loading appears uneven, as 45{degree
sign}C samples from both HCT116 and DLD1 show less CD133 in the presence of PP24 than in respective controls. This either
indicates that there was a significant technical variance in loading or that the drug decreased CD133 stability. (ii) Barely
detectable bands in the blots translate only into approx. 2-fold decrease in densitometry (e.g., PP10/60{degree sign}C in
HCT116 - Fig. 2i vs Fig. 2k; PP10 samples in DLD1 - Fig. 2i vs. Extended Data Fig. 2c). (iii) In contrast with these technical
discrepancies, error bars in all related graphs show extremely low SD, which is very uncommon for immunoblotting methods.
Providing the blots from the two other biological replicates in Extended Data Fig. 2 would strengthen this CETSA analysis and
the conclusions made.

2) Expression of CD133 was not characterized and compared among the cell lines used for drug validation (Extended Data Fig.
2), which prevents interpretation of CD133-specific cytotoxicity of the drugs. Both HCCLM3 and A549 are known to express
CD133, but they showed significantly lower sensitivity to PP10 and PP24. Conversely, CD133 has been previously found absent
or minimally expressed in DLD1 (PMID: 19738050; PMID: 22895640; PMID: 26002465), yet DLD1 cells showed similarly high
sensitivity to PP10 and PP24 as HTC116 CD133-overexpressing cells. To validate PP10 and PP24 as potential drugs for
CD133-targeted therapies, it is necessary to characterize CD133 protein expression and include CRC models with high as well
as low/absent CD133 levels to test for the drug selectivity against CD133-overexpressing cells. Otherwise, the observed effects
could be attributed to other off-target activities of PP10 and PP24.

3) The authors performed several experiments to elucidate the mechanism of antitumor effects of PP10 and PP24. However,
these experiments lack essential controls - either using CD133 knockdown or interaction mutants (e.g., p85-binding deficient
Y828F CD133) - to determine whether removing the target or preventing its interaction with signaling molecules diminishes the
effects of PP10/PP24. Without this evidence, it is speculative to claim that the observed changes in cell signaling and other
processes are due to the binding of the drugs to CD133 ("Our results fully demonstrate that PP10 and PP24 can specifically
bind to CD133 to achieve pan-cancer therapy"). In fact, the potent antitumor activity and divergent mechanisms of action of
PP10 vs. PP24 could be related to their different effects on other molecules independent of CD133.

Finally, the choice of autophagy inhibitor could flaw the conclusions about PP10-induced autophagy/mitophagy. Chloroquine
(CQ) is a suboptimal autophagy inhibitor with known Golgi-related effects, which can paradoxically induce autophagy (PMID:
29940786). This warrants caution when interpreting results obtained by blocking autophagy with this drug. To measure
autophagy flux, bafilomycin A1 should be used to inhibit autophagosome-lysosome fusion and cargo sequestration (PMID:
33634751). Importantly, results shown in Fig. 5¢,d may indicate that PP10 inhibits rather than promotes autophagy flux. LC3-1I
forms were accumulated after PP10 treatment alone, and inhibiting the autophagy did not increase their levels, suggesting that
PP10 already blocked autophagy in terminal stages (see also 2b in PMID: 33634751). However, using CQ, which clearly could
not inhibit autophagy in the case of DLD1 untreated cells (Fig. 5d, lane #1 vs #4), prevents any interpretation of the results.
Similarly, microscopy analysis of mitophagy induction cannot be properly interpreted without comparing PP10-treated cells in the
presence and absence of autophagy inhibition by bafilomycin A1. The accumulation of mitochondria in lysosomes may, in fact,
again indicate inhibited autophagy at the final stages by PP10 (not increased autophagy). Confocal microcopy results should
then be supported by quantitative image analysis across multiple fields of view per biological replicate.



1st Authors' Response to Reviewers 19th Jun 2025

Dear Editors and Reviewers,

We are grateful to reviewers for taking the time to review our manuscript and give us
their valuable comments. We have considered all the comments and have made
appropriate changes to the manuscript. Our point-by-point response appears below in

blue. The changes made to the main manuscript file were highlighted.

Referee #1:

In this work, the authors used the BindingDB to train a Transformer-based
compound-protein interaction deep learning model. Using the algorithm, 29
compounds were identified to be potentially interacting with the CD133, which is
expressed in various types of cancer cells compared to the adjacent normal tissue cells.
Among the compounds, PP10 and PP24 exhibit significant cytotoxic activities. The
authors then elucidated the mechanisms of the two compounds and found that PP10
exerts anti-tumour effect via inhibiting the PI3BK/AKT/mTOR pathway while the
PP24 exerts its effect via inhibiting Wnt/B-catenin pathway. Finally, the authors
validated the anti-tumour effect of PP10 and PP24 using patient derived organoids

and subcutaneous xenograft mouse models. Several comments are appended below:

Q1: The authors used the Byte Pair Encoding which represents amino acids with
binary vectors only. Would other encoding methods like physiochemical
properties encoding or evolution-based encoding improve the performance of the
model?

Answer: We deeply appreciate the reviewer's insightful suggestion regarding
sequence representation methods, whcih can prompt us to re-evaluate our encoding
strategy from a biological perspective. While BPE is advantageous for general
sequence tokenization, we recognize that domain-specific encodings can better
capture the biophysical and evolutionary constraints of proteins. In response, we
implemented a more biologically grounded approach using ProteinBERT, which
leverages the unique physicochemical characteristics of proteins and functional

annotations from Gene Ontology terms'. Our updated results show this approach



maintains competitive performance (with PP-10 and PP-24 still in the top 30 rankings)
and offers more biologically interpretable representations, aligning better with protein

science principles.

a |Rank Score Reference Number b [Rank Score Reference Number
1 95.5%|CL-2 1 85.4%|BM-29
2 96.3%|CL-4 2 85.2%|CL-3
3 98.0%|PP-9 3 85.1%|PP-29
4 97.0%|CL-5 4 84.5%|ZMC-25
5 98.0%|PP-22 5 84.5%|PP-30
6 97.9%|PP-18 6 84.2%|BM-51
7 98.6%|CL-9 7 83.8%|ZMC-21
8 97.7%|PP-10 8 83.8%|PP-5
9 95.8%|PP-27 9 83.8%|PP-9

10, 92.0%|HYZ-3 10, 83.7%|PP-28
11 95.4%|FYC-7 11 83.6%)]|LLY-1
12, 95.0%|SC-14 12 83.3%|PP-10
13 95.0%|PQJ-22 13 83.2%|PP-19
14 95.4%|CL-6 14 83.2%|PP-24
15 81.7%|DCN-3 15 83.1%|PP-6

16, 89.4%|PP-20 16, 83.0%|CL-6

17, 85.8%|PP-23 17, 83.0%|PP-11
18, 94.4%|PP-28 18, 82.9%|PP-26
19 94.4%|SC-13 19 82.8%|PP-46
20, 95.5%|SC-15 20, 82.7%|PP-23
21 72.8%|SPH-16 21 82.7%|CL-9

22, 91.5%|HYZ-4 22, 82.5%|PP-16
23 91.9%|FYC-1 23 82.5%|PP-20
24 77.1%|FYC-6 24 82.4%|PP-27
25 88.1%|CL-18 25 82.3%|PP-3

26 94.3%|PP-6 26 82.0%|PP-17
27, 94.5%|PP-8 27, 81.8%|PP-25
28, 94.7%|PP-19 28, 81.8%)]|LLY-2
29 91.5%|PP-24 29 81.8%|PP-22
30[  87.7%|(-)-DCN-15 30|  81.8%|PP-14

Fig. 1 Al-based drug screening results targeting CD133. (a) Drug screening results
base on Byte Pair Encoding (The previous encoding method). (b) Drug screening

results base on ProteinBERT (updated encoding method).

Q2: How the direct inhibition of CD133 would affect the downstream PI3K or
Wnt signalling? Does CD133 involve in these pathways for cell signalling? What
is the mechanism?

Answer: Thanks for your suggestion. To clarify the effects of CD133 on downstream
PI3K and Wnt signaling pathways, as well as to investigate the impacts of PP10 and
PP24 on CD133-negative cell lines, we constructed a CD133 knockdown cell line
using HCT116 cells. Lentivirus-mediated transfection was employed to introduce the
constructed CD133 shRNA plasmid into the target cells, and cells were screened with
puromycin to obtain stable cell line. The Western blot results showed a significant
decrease in the shCD133 group when compared to the whild type (WT) group,

achieving sustained knockdown of the target protein. Further experiments showed that



knockdown CD133 significantly blocked both the PI3K and Wnt signalling by
decreasing the phosphorylation level of mTOR, PI3K, AKT and B-catenin. Thus,

inhibiting CD133 with PP10 or PP24 could suppress the downstream PI13K or Wnt
signalling (Fig. 2a, b).

Many studies have demonstrated that CD133 is associated with the PI3K/AKT
signaling pathway®>. The phosphorylation of CD133 is a key step in mediating
PI3K/AKT signaling. Specifically, CD133 can recruit the p85 regulatory subunit of
PI3K to the plasma membrane, thereby activating AKT*. Additionally, CD133 can
stabilize receptor tyrosine kinases (e.g., EGFR) on the plasma membrane, preventing
their endocytosis and sustaining AKT activation®. Our results showed that
downregulation of CD133 by PP10 or shRNA could inhibit PIBK/AKT/mTOR
pathway via decreasing the downstream protein levels.

CD133 is also involved in the Wnt/p-catenin signaling pathway. CD133 can enhance
Whnt signaling by increasing B-catenin levels through AKT-mediated GSK3 inhibition,
preventing [B-catenin from undergoing B-TrCP polyubiquitination and subsequent
degradation®. In the shCD133 group, the expression levels of AKT and B-catenin were
all reduced, a similar effect to that observed in the PP24-treated group. These results
indicated that the suppression of the Wnt signaling pathway by shCD133 was related
to PP24-induced CD133 inhibition.
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Fig. 2 Expression level of signaling pathway in WT and shCD133 HCT116 cell lines.
(@) Western blot result of PI3K/AKT pathway in the WT HCT116 and
shCD133-HCT116 cells. (b) Western blot result of Wnt pathway in the WT HCT116
and shCD133-HCT116 cells.

Q3: It would be commendable for the authors to work out the mechanism and
elaborate more on how the binding of PP10 and PP24 to CD133 could lead to
distinct effects on the signalling pathways structurally.

Answer: We appreciate your suggestion. Based on molecular docking results, we
found that PP10 and PP24 bind to different regions of CD133, which may result in
different inhibitory effects on downstream pathways. Molecular docking results
revealed that PP10 bound to CD133 through hydrophobic interactions at residues
ALA-2, LEU-5, PHE-62, TRP-786, PHE-787, and LYS-791, and formed hydrogen
bonds at LEU-3 and PHE-795. Similarly, PP24 bound to CD133 via hydrophobic
interactions at LEU-76, LEU-80, LEU-505, ILE-506, and PHE-516, and formed
hydrogen bonds at PRO-72 and GLU-97. RNA sequencing results further helped us
explore the distinct effects caused by PP10 and PP24. For PP10, several genes in the
PIBK/AKT pathway were downregulated, including ITGA, RTK, PP2A, and SGK.

ITGA and RTK, which are associated with poor progression of CRC and can activate



the PI3K pathway, showed a positive correlation with CD133"®, The reduction of
ITGA and RTK in the PP10 treatment group may suggest an interaction between
CD133 and ITGA or RTK (Fig. 3). In the PP24 treatment group, Wnt, Wntl11, and
BAMBI in the Wnt pathway were downregulated. Wnt and Wnt11 are key proteins in
the pathway, while BAMBI plays an important role by interacting with LRP5/6 to
enhance Wnt pathway activity’. This may imply a potential interaction between
CD133 and BAMBI (Fig. 4). Overall, PP10 and PP24 exhibit different interaction
modes with CD133, leading to distinct downstream responses and differing effects on

the two signaling pathways.
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Fig. 3 Expression level of PI3BK/AKT signaling pathway in PP10 treated group of
KEGG analysis.
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Fig. 4 Expression level of Wnt signaling pathway in PP24 treated group of KEGG
analysis.

Q4: Would PP10 and PP24 exerts cytotoxicity to CD133 negative cancer cells?
Answer: We are grateful for your suggestion. To investigate the cytotoxicity of PP10
and PP24 on CD133-negative cancer cells, we constructed a CD133-knockdown
HCT116 cell line and validated the decreased CD133 expression via Western blot. We
also selected the human normal colorectal mucosal cell line FHC to evaluate the
cytotoxicity of PP10 and PP24 on normal cells. CCK8 assays showed a significant
increase in the ICsq concentration of both FHC and shCD133-HCT116 cell lines, from
approximately 1 pM to 18.99-28.64 uM. For PP10, the 1Csq is 21.78 uM for FHC cell
and 28.64 uM for shCD113-HCT116 cell. For PP24, the ICsy is 18.99 uM for FHC
cell and 25.39 uM for shCD113-HCT116 cell (Fig. 5). Firstly, the lower cytotoxicity
in the normal cell line suggests that PP10 and PP24 have relatively high safety
profiles. Secondly, their reduced cytotoxicity in CD133-low-expressing cancer cells
indicates that these two compounds may specifically target CD133. Overall, these
results highlight the selective targeting ability of PP10 and PP24 toward CD133

overexpressed cancer cells, while exerting lower cytotoxicity on CD133-negative



cancer cells and normal cells.

a PP10 in FHC b PP24 in FHC
1.59 1.5
> ICx = 21.78 uM > ICx = 18.99 UM
Z 101 Z 1.0
8 ]
> >
% 0.5 % 0.5
o &
0.0 T T T T T 1 0.0 T T T T T 1
1.5 01 032 1 3.2 10 32 1.5 01 032 1 3.2 10 32
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Fig. 5 Cell viability of FHC and shCD133-HCT116 cells treated by PP10 and PP24 (a,
b) CCK8 assay results showing the cytotoxicity of PP10 and PP24 in FHC cells. (c, d)
CCKS8 assay results showing the cytotoxicity of PP10 and PP24 in shCD133-HCT116

cells.

Q5: According to the KEGG analysis for the treatment of PP24 (Fig.6b), why
estrogen signalling pathway is highly enriched in HCT116 cell line? How about
the KEGG analysis result for DLD1 cell line?

Answer: Thankful for your meaningful suggestion. According to the KEGG analysis
for PP24 treatment, the estrogen signaling pathway was found to be enriched in the
PP24-treated HCT116 cell line compared to the control group, but with decreased
activity. The ER pathway is associated with Wnt pathway in CRC. ER signaling
exhibits dual effects in CRC progression. ERa can promote CRC cell proliferation,
while ERB may suppress it'°. High ERo expression is linked to a higher risk of CRC
liver metastasis™. In ERa-positive/HER2-negative breast cancer, tumors with high
CD133 expression exhibit obvious cancer stem cell (CSC) characteristics. CD133 is

closely associated with the activation of Wnt/p-catenin and Notch pathways, which



are also involved in ERa-regulated tumor biology™?. Moreover, ERa and p-catenin can
co-localize to promote downstream genes transcription™. In the PP24-treated group,
several genes were downregulated, including KRT38, KRT35, FOS, KRT16P6,
KRT37, EGFR-ASL, and ESR1. Herein, KRT38, KRT35, KRT16P6, and KRT37
belong to the cytokeratin family and are involved in cytoskeleton formation. Their
downregulation may indirectly influence the intracellular signal transduction
microenvironment, including Wnt signal transmission efficiency and direction, by
affecting cytoskeleton stability and arrangement. FOS, a transcription factor, can
interact with members of the JUN family to form the AP-1 complex and participate in
regulating the Wnt signaling pathway**. ESR1 encodes ERa, and abnormal activation
of the Wnt signaling pathway may collaborate with ER signaling dysregulation to
drive tumor cell malignant transformation. Thus, during tumorigenesis, ERa encoded
by ESR1 may interact with the Wnt signaling pathway. However, the specific details
and implications of this finding would need further investigation and analysis.

In our research, we primarily focused on the Wnt pathway due to the limited evidence
available on the role of ER signaling in CRC progression and its interaction with the
Whnt pathway. This focus allowed us to better understand the mechanisms underlying

the effects of PP24 on CRC cells.

Referee #2 (Comments on Novelty/Model System for Author):

The drug validation was not conducted in models that would enable the
assessment of compound selectivity and CD133 specificity. Consequently, the
study lacks biological evidence to support the validity of the Al-based drug
discovery approach. These concerns are outlined in the comments to the authors,

along with suggestions for addressing them.

Referee #2 (Remarks for Author):
This manuscript presents an interesting Al-guided screening strategy to identify

natural compounds targeting prominin-1 (CD133), a protein commonly



associated with cancer stem cells and poor cancer survival. Given the limited
options to therapeutically target this protein so far, the incorporation of deep
learning into early-phase drug discovery presents a notable strength of this work.
The authors screened a library of 1,123 traditional Chinese medicine-derived
molecules in silico to identify 29 compounds potentially interacting with CD133.
From these, two steroidal saponins-polyphyllin vV (PP10) and polyphyllin H
(PP24)-were selected and validated in vitro and in vivo. This study demonstrated
the antitumor effects of PP10 and PP24 in various cancer models and described
potential molecular mechanisms of action. Nonetheless, as detailed in the
comments below, the relevance of these findings and the utility of the reported
Al-based approach for identifying CD133-targeted therapeutics remain
uncertain due to limited biological evidence on compound selectivity and CD133
specificity, which undermines the conclusions and impact of the study.

Answer: Thank you for your positive comments and valuable suggestions on our
manuscript. We highly appreciate your recognition of our Al-guided screening
strategy for identifying natural compounds targeting CD133 and your useful
comments regarding the compound selectivity and CD133 specificity. In response to
your concerns, we have carefully evaluated the feasibility and relevance of your
suggestions and have already carried out some additional experiments to provide
more solid evidence of the targeting effects and biological effects of the compounds.
We expect that these supplementary data will address the concerns you raised and

strengthen the conclusions of our study.

Q1: First, the rationale for selecting the most potent drugs is not clearly
described. In the first in vitro validation of the hits, CL6 showed the lowest 1Csx
in CRC HCT116 cells. However, it was not further analyzed in the panel of cell
lines (Extended Data Fig. 2). Although the top 6 identified compounds are not
described in full names (except for polyphyllin V and polyphyllin H), Refs 39,49
used to support that CL6 has been already studied (Page 6, first paragraph) do

not contain any information on CL6, as these Refs focus on polyphyllin Il and



VII. Since CL6 showed the most potent antiproliferative effects of the identified
candidates, it is important to validate CL6's CD133-specific antitumor activities.
Otherwise, the authors should provide a strong rationale for excluding CL6, the
top hit in silico and in vitro, from this Al-based discovery and validation of
CD133-targeting drugs.

Answer: Thank you for your insightful comments. We sincerely apologize for the
lack of clarity in marking the correct name of CL6. In our manuscript, CL6
corresponds to polyphyllin 1. We have now added the full name of CL6 to avoid any
confusion. While Polyphyllin 11 (CL6) demonstrated excellent cytotoxicity against
cancer cell lines, there are several important reasons that hindered its further
investigation in our study:

Firstly, the extraction efficiency of Polyphyllin Il in our lab was initially quite low,
which could not meet the demands of functional study. Paris polyphylla, the plant
source of Polyphyllin 11, has significant medicinal and economic value. However, its
wild resources have been overexploited, leading to market demand far exceeding
natural regeneration capacity. Although the Yunnan variety of Paris polyphylla has
been widely cultivated, it takes 5 to 8 years from seedling emergence to medicinal use
due to its perennial nature, resulting in a slow rate of resource regeneration.
Additionally, the biosynthesis of steroidal compounds in Paris polyphylla is vital
resource in the future. However, the synthesis method for Polyphyllin 11 is much more
complex than that for PP10, and the glycosyltransferase responsible for its synthesis
remains unidentified™. These factors suggest that the availability of Polyphyllin Il
may be limited in the drug development.

Secondly, during our literature review of polyphyllin II, we found that it exhibited
cytotoxicity against both HepaRG (liver cancer) and HL-7702 (normal human liver)
cells. Specifically, the 1Csy values for polyphyllin I were 4.53, 3.259, and 2.465 uM
in HepaRG cells after 24, 48, and 72 hours of treatment, respectively, and 1.869,
0.867, and 0.719 pM in HL-7702 cells after the same time points'®. This indicates that
Polyphyllin 1l may have significant hepatotoxicity, which significantly hindered the

possibility of drug.. Given the potential safety concerns and the extensive existing



research on the tumor cytotoxicity of Polyphyllin Il, we decided to exclude CL6 from

further investigation in our study. We have explained those reasons in manuscript.

Q2: A major concern is the lack of functional validation of the selective
CD133-dependent activities of the studied drugs, PP10 and PP24. As natural
compounds often show complex effects on multiple cellular targets, the observed
activities may be independent of their binding to CD133. However, there are no
mechanistic experiments to support that the described antitumor properties and
different effects on cell signaling, mitochondrial physiology, and cell death are
caused by blocking CD133 activity. Several related comments that should be

addressed are listed below:

1) Cellular thermal shift assay (CETSA) experiments represent crucial biological

evidence of direct binding of the drugs to CD133. However, the results and
analysis presented are not technically sound: (i) Loading appears uneven, as 45°

C samples from both HCT116 and DLD1 show less CD133 in the presence of
PP24 than in respective controls. This either indicates that there was a significant
technical variance in loading or that the drug decreased CD133 stability.

Answer: Thank you for your insightful comments. We have carefully reviewed the
issues you raised, particularly the uneven loading observed in the 45°C samples from
both HCT116 and DLD1 cell lines in the presence of PP24. To address this, we have
repeated the CETSA assay with improved technical controls and optimizations to
ensure more consistent loading and reliable results.

Upon re-evaluation, we confirmed that with the increase of temperature, the CD133
was more stable after treated with PP24 compared with control group (Fig. 6). This
finding aligns with our hypothesis and strengthens the biological evidence supporting
the interaction of PP24 with CD133. We have incorporated these revised experimental
results into the manuscript Fig. 2i, j to provide a more accurate and technically robust

assessment of the binding affinity and stability effects of PP24 on CD133.



2) Barely detectable bands in the blots translate only into approx. 2-fold decrease
in densitometry (e.g., PP10/60 °C in HCT116 - Fig. 2i vs Fig. 2k; PP10 samples

in DLD1 - Fig. 2i vs. Extended Data Fig. 2c).

Answer: Thank you for raising these important points. We have carefully examined
the possible reasons for the differences in density observed at 60°C in HCT116 cells,
especially for PP10-treated samples. We have identified the density differences in
CETSA experiments partly due to background variations. In our initial experiments,
the two groups of samples were loaded onto separate gels, which likely resulted in
slightly different exposure conditions and background signals. To address this, we've
optimized the loading method by placing both groups onto the same gel, ensuring
uniform exposure conditions and background. Additionally, to facilitate more accurate
analysis and reduce batch-to-batch variations, we have implemented a data
normalization process. Each density value obtained from the experiments is now
divided by the density value of the control group at 45°C. This normalization step
allows for more consistent and reliable comparison of results across different
experimental conditions, the result can be seen in Fig. 2 k, | and Extended Data Fig.

2¢, d of manuscript.

3) In contrast with these technical discrepancies, error bars in all related graphs
show extremely low SD, which is very uncommon for immunoblotting methods.
Providing the blots from the two other biological replicates in Extended Data Fig.
2 would strengthen this CETSA analysis and the conclusions made.

Answer: Thanks for your suggestions. To strengthen our CETSA analysis, we have
refined the experimental conditions, conducted additional experiments, and updated
the results and statistics in Fig. 2 and Extended Data Fig. 2 in the manuscript. We
hope these improvements address the concerns regarding the technical aspects of our

immunoblotting data.



Fig. 6 (a, b) CETSA results showing the thermal stability of CD133 in the presence of
PP10 and PP24. (c, d) Quantitative analysis of the level of CD133 for a, b, normalized
by Control-45°C.

Q3: Expression of CD133 was not characterized and compared among the cell
lines used for drug validation (Extended Data Fig. 2), which prevents
interpretation of CD133-specific cytotoxicity of the drugs. Both HCCLM3 and
A549 are known to express CD133, but they showed significantly lower
sensitivity to PP10 and PP24. Conversely, CD133 has been previously found
absent or minimally expressed in DLD1 (PMID: 19738050; PMID: 22895640;
PMID: 26002465), yet DLD1 cells showed similarly high sensitivity to PP10 and
PP24 as HTC116 CD133-overexpressing cells. To validate PP10 and PP24 as
potential drugs for CD133-targeted therapies, it is necessary to characterize
CD133 protein expression and include CRC models with high as well as
low/absent CD133 levels to test for the drug selectivity against
CD133-overexpressing cells. Otherwise, the observed effects could be attributed
to other off-target activities of PP10 and PP24.

Answer: We are thankful for your valuable suggestion. To address the issue of
CD133-specific cytotoxicity of PP10 and PP24, we collected various cell lines,
including normal colon cell line FHC, CRC cell lines DLD1 and HCT116, lung
cancer cell line A549, and liver cancer cell line HCCLM3. We evaluated the CD133
expression levels in these cell lines and found that FHC, A549, and HCCLM3
expressed lower CD133 compared to DLD1 and HCT116 (Fig. 7). We also noted that
some CRC cells with high CD133 expression, such as HT29, may be more sensitive
to PP10 and PP24 (PMID: 19738050; PMID: 22895640; PMID: 26002465). In these
studies, they also compared expression of CD133 among CRC cell lines, we also
compared HCT116, DLD1 with HCCLM3 and A549, the expression of CD133 is
higher in HCT116 and DLD1 than that in HCCLM3 and A549, which leading to
stronger cytotoxicity effect in HCT116 and DLD21 cell lines. Moreover, we
constructed a CD133 knockdown HCT116 cell line to test the cytotoxicity of PP10



and PP24 on low CD133-expressing cells (Fig. 2). The results showed weaker
cytotoxicity in FHC and CD133 knockdown HCT116 cells compared to WT HCT116
and DLD1 cells, indicating that the cytotoxicity of PP10 and PP24 is related to
CD133 expression levels (Fig. 3).

The CD133 expression levels in the cell lines used for drug validation have been
characterized and compared. Our findings suggest that the cytotoxicity of PP10 and
PP24 correlates with CD133 expression levels. These results could strengthen the

evidence for PP10 and PP24 as potential drugs for CD133-targeted therapies.
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Fig. 7 Expression level of CD133 in various cell lines. (a) Western blot result of
CD133 expression in FHC, DLD1, HCT116, A549, and HCCLM3. (b) Quantitative
analysis of the level of CD133 for a.

Q3: The authors performed several experiments to elucidate the mechanism of
antitumor effects of PP10 and PP24. However, these experiments lack essential
controls - either using CD133 knockdown or interaction mutants (e.g.,
p85-binding deficient Y828F CD133) - to determine whether removing the target
or preventing its interaction with signaling molecules diminishes the effects of
PP10/PP24. Without this evidence, it is speculative to claim that the observed
changes in cell signaling and other processes are due to the binding of the drugs
to CD133 (""Our results fully demonstrate that PP10 and PP24 can specifically
bind to CD133 to achieve pan-cancer therapy"). In fact, the potent antitumor
activity and divergent mechanisms of action of PP10 vs. PP24 could be related to
their different effects on other molecules independent of CD133.

Answer: We are thankful for your meaningful suggestion. To strengthen the link



between PP10 or PP24 interaction with CD133 and their antitumor effects, we
constructed a CD133-knockdown HCT116 cell line using shRNA lentiviral vector.
After puromycin selection, CD133 expression was dramatically reduced in the
shCD133-HCT116 cell line compared to the WT-HCT116 cell line and results can be
seen in Fig. 2 of reply. CCK8 assays showed that the 1Cs, values of PP10 and PP24 in
the shCD133-HCT116 and FHC cell lines were over 10 times lower than in the
HCT116 cell line, indicating weaker cytotoxicity in CD133-low or normal cells and
results can be seen in Fig. 2, 3 of reply. Moreover, we detected the protein expression

levels in the PI3K and Wnt pathways for the shCD133-HCT116 cell line and found
that konckdown CD133 could inhibit both PISBK/AKT and Wnt/B-catenin pathway,

similar to the anti-tumour effects of PP10 and PP24 treatment. These results suggested
that PP10 and PP24 could bind with CD133 to block the downstream pathway and
inhibit CRC cells growth.

Q4: Finally, the choice of autophagy inhibitor could flaw the conclusions about
PP10-induced autophagy/mitophagy. Chloroquine (CQ) is a suboptimal
autophagy inhibitor with known Golgi-related effects, which can paradoxically
induce autophagy (PMID: 29940786). This warrants caution when interpreting
results obtained by blocking autophagy with this drug. To measure autophagy
flux, bafilomycin Al should be used to inhibit autophagosome-lysosome fusion
and cargo sequestration (PMID: 33634751). Importantly, results shown in Fig. 5c,
d may indicate that PP10 inhibits rather than promotes autophagy flux. LC3-11
forms were accumulated after PP10 treatment alone, and inhibiting the
autophagy did not increase their levels, suggesting that PP10 already blocked
autophagy in terminal stages (see also 2b in PMID: 33634751). However, using
CQ, which clearly could not inhibit autophagy in the case of DLD1 untreated
cells (Fig. 5d, lane #1 vs #4), prevents any interpretation of the results. Similarly,
microscopy analysis of mitophagy induction cannot be properly interpreted

without comparing PP10-treated cells in the presence and absence of autophagy



inhibition by bafilomycin Al. The accumulation of mitochondria in lysosomes
may, in fact, again indicate inhibited autophagy at the final stages by PP10 (not
increased autophagy). Confocal microcopy results should then be supported by
guantitative image analysis across multiple fields of view per biological replicate.
Answer: Thank you for your suggestion. To gain deeper insights into PP10-induced
autophagy/mitophagy, we used Bafilomycin Al (Baf-Al) to inhibit late stage
autophagy and assess autophagy flux through Western blot.

Results showed that LC3B-II levels rose with increasing PP10 concentration (lane #1
to #3), and Baf-Al significantly increased LC3B-II levels compared to the control
group (lane #1 vs #4). When compared to the Baf-Al alone group (lane #4), the
combine group slightly increased LC3B-11 expression (lane #5), suggesting PP10 may
both promote autophagosome formation initially and block their degradation, thereby
hindering autophagy at the terminal stage. Similar findings were observed in the P62
group, further indicating autophagosome accumulation and autophagy flux blockage.
Finally, the damaged mitochondria could not be removed and accumulated in cell

resulting death.
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Fig. 8 Expression level of protein within mitophagy pathway. (a, b) Western blot
analysis of mitophagy-related proteins in HCT116 and DLD1 cells treated with PP10
and Baf-Al.

If there are any additional suggestions or specific points that require further attention,

please do not hesitate to let us know. Your expertise is highly regarded, and we are



eager to address any further recommendations to ensure the excellence of our
research.

Thank you for your dedication and commitment to advancing scientific knowledge.
We are honored to have our work considered for publication in EMBO Molecular

Medicine.

Yours sincerely,

Shaohua Ma, Ph.D.

Institute of Biopharmaceutical and Health Engineering,
Shenzhen International Graduate School,

Tsinghua University, Shenzhen, Guangdong 518055, China

Email: ma.shachua@sz.tsinghua.edu.cn
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1st Revision - Editorial Decision 17th Jul 2025

17th Jul 2025
Dear Dr. Ma,

Thank you for the submission of your revised manuscript to EMBO Molecular Medicine. We have now heard back from the two
referees who agreed to re-evaluate your manuscript. As you will see from the reports below, while both referees acknowledge
the improvements in the revised manuscript, they also remain critical regarding the limited mechanistic insight. After a
consultation with my colleagues here, we concluded that raised concerns are justified and should be addressed in an additional
and final round of major revision. Providing deeper mechanistic insight is essential for further consideration of the manuscript.

Please also amend following points:

1) Authors: Please provide an institutional email address for the co-corresponding author Yubo Zhang in the manuscript and our
submission system. Also, make sure that email addresses for all authors are correct in our submission system.

2) Figures:

- We note that in Extended Data Fig. 12 lung control image and lung PP24 5mg/kg image are identical. Please check, provide an
explanation and correct.

- Please upload 7 Extended Data Figures as Expanded View (EV) Figures. EV Figures should be uploaded as individual high-
resolution files with their legends placed in the main manuscript file after the main figure legends. Please rename the figures to
Figure EV1 etc. and update their callouts in the main manuscript text. Please check "Author Guidelines” for more information:
https://www.embopress.org/page/journal/17574684/authorguide#figureformat
https://www.embopress.org/page/journal/17574684/authorguide#expandedview

- The rest of Extended Data Figures should be compiled in Appendix and uploaded as a single PDF file. Please rename the
figures to Appendix Figure S1, etc. and update their callouts in the main manuscript text. Appendix should have a title page with
a table of contents and page numbers.

- Please remove all figures from the manuscript file and leave only their legends at the end of the file.

3) In the main manuscript file, please do the following:

- Please address all comments suggested by our data editors listed below:

o Figure legends:

1. Please indicate what */ **/ ***/ **** represents; if this represents p value(s), please indicate the statistical test used and where
appropriate, specify the exact p value in the legend(s) of figure(s) 1B, C, F, H.

2. Please note that the exact p values are not provided in the legends of figures 2K, L; 3D, E; 6G, 7D, E, G, |; extended data
figure(s) 2C, D; 3C, D, G, I;4C, E, G, I; 5A-D; 7A, B, C, D, H; 8A, E, F.

3. Please indicate the statistical test used for data analysis in the legends of figures 2K, L; 3D, E; 4A, C, D, E, F; 6A, B, G; 7D, E,
G, |; extended data figure(s) 2C, D; 3C, D, G, I; 4C, E, G, |; 5A-D; 7A, B, C, D, H; 8A, E, F.

4. Please note that information related to n is missing in the legends of figures 3A, 6A, G; extended data figure(s) 9A-C.

5. Please note that the error bars are not defined in the legends of extended data figure(s) 9A-C.

6. Please note that the scale bar is missing for figure 5F.

7. Please note that scale bar and its definition are missing for figures 5A, E.

- Please add a callout for the figure 71 and make sure that the figures are called out sequentially.

- Rename "Summary" to "Abstract".

- In Methods, provide the antibody dilutions that were used for each antibody.

- Indicate in legends exact n and exact p values, not a range, along with the statistical test used. To keep the figures "clear"
some authors found providing an Appendix table Sx with all exact p-values preferable. You are welcome to do this if you want to.
- Please provide Reagents and Tools Table and uploaded it as a separate file. Structured Methods section includes Reagents
and Tools Table followed by a Methods and Protocols section. More information on how to adhere to this format as well as
downloadable templates (.docx) for the Reagents and Tools Table can be found in our author guidelines:
https://www.embopress.org/page/journal/17574684/authorguide#structuredmethods

An example of a paper with Structured Methods can be found here:
https://www.embopress.org/doi/full/10.1038/s44320-024-00037-6#sec-4

- Rename "Competing interests" to "Disclosure and competing interests statement". We updated our journal's competing
interests policy in January 2022 and request authors to consider both actual and perceived competing interests. Please review
the policy https://www.embopress.org/competing-interests and update your competing interests if necessary.

- Author contributions: Please remove it from the manuscript. CRediT has replaced the traditional author contributions section
because it offers a systematic machine-readable author contributions format that allows for more effective research assessment.
You are encouraged to use the free text boxes beneath each contributing author's name to add specific details on the author's
contribution. More information is available in our guide to authors:
https://www.embopress.org/page/journal/17574684/authorguide#authorshipguidelines

- Data availability: Please use the following format to report the accession number of your data:

The datasets produced in this study are available in the following databases:
[data type]: [full name of the resource] [accession number/identifier] ([doi or URL or identifiers.org/DATABASE:ACCESSION])



Please check "Author Guidelines" for more information.
https://www.embopress.org/page/journal/17574684/authorguide#availabilityofpublishedmaterial

- Please correct the reference citation in the text and reference list. In the text a reference should be cited by author and year of
publication. Include a space between a word and the opening parenthesis of the reference that follows. In the reference list,
citations should be listed in alphabetical order. Where there are more than 10 authors on a paper, 10 will be listed, followed by
"et al.". Also, please remove DOls. DOIs should only be used for preprints and datasets that have not been published. Please
check "Author Guidelines" for more information.
https://www.embopress.org/page/journal/17574684/authorguide#referencesformat

4) Funding: Please make sure that information about all sources of funding are complete in both our submission system and in
the manuscript. Currently, National Natural Science Foundation of China (32371470 and 82341019); Merck Research Grant, and
the Cross-disciplinary Research and Innovation Fund of Tsinghua SIGS (No. JC2022007); Guangdong Basic and Applied Basic
Research Foundation (2023B1515120025); Shenzhen Fundamental Research Program (No. JCYJ20240813112004006);
Shenzhen Major Science and Technology Projects (KJZD20230923115400001) are missing in our submission system.

5) The Paper Explained: Please provide "The Paper Explained" and add it to the main manuscript text. Please check "Author
Guidelines" for more information. https://www.embopress.org/page/journal/17574684/authorguide#researcharticleguide

6) Synopsis: Every published paper now includes a 'Synopsis' to further enhance discoverability. Synopses are displayed on the
journal webpage and are freely accessible to all readers. They include separate synopsis image and synopsis text.

- Synopsis image: Please provide a visual abstract as a high-resolution jpeg file 550 px-wide x 300-600 pixels high to illustrate
your article.

- Synopsis text: Please provide a short standfirst (maximum of 300 characters, including space) as well as 2-5 one sentence
bullet points that summarise the paper as a .doc file. Please write the bullet points to summarise the key NEW findings. They
should be designed to be complementary to the abstract - i.e. not repeat the same text. We encourage inclusion of key
acronyms and quantitative information (maximum of 30 words / bullet point). Please use the passive voice.

- Please check your synopsis text and image before submission with your revised manuscript. Please be aware that in the proof
stage minor corrections only are allowed (e.g., typos).

Further consideration of a revision that addresses reviewer's concerns in full will entail an additional round of review.
Acceptance or rejection of the manuscript will depend on the completeness of your responses included in the next, final version
of the manuscript. For this reason, and to save you from any frustrations in the end, | would strongly advise against returning an
incomplete revision.

We would welcome the submission of a revised version within three months for further consideration. Please let us know if you
require longer to complete the revision.

I look forward to receiving your revised manuscript.

Yours sincerely,
Zeljko Durdevic
Zeljko Durdevic

Senior Editor
EMBO Molecular Medicine
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When submitting your revised manuscript, please carefully review the instructions that follow below. We perform an initial quality
control of all revised manuscripts before re-review; failure to include requested items will delay the evaluation of your revision.

We require:

1) A .docx formatted version of the manuscript text (including legends for main figures, EV figures and tables). Please make sure
that the changes are highlighted to be clearly visible.



2) Individual production quality figure files as .eps, .tif, .jpg (one file per figure). For guidance, download the 'Figure Guide PDF":
(https://www.embopress.org/page/journal/17574684/authorguide#figureformat).

3) A .docx formatted letter INCLUDING the reviewers' reports and your detailed point-by-point responses to their comments. As
part of the EMBO Press transparent editorial process, the point-by-point response is part of the Review Process File (RPF),
which will be published alongside your paper.

4) A complete author checklist, which you can download from our author guidelines
(https://'www.embopress.org/page/journal/17574684/authorguide#submissionofrevisions). Please insert information in the
checklist that is also reflected in the manuscript. The completed author checklist will also be part of the RPF.

5) Please note that all corresponding authors are required to supply an ORCID ID for their name upon submission of a revised
manuscript.

6) It is mandatory to include a 'Data Availability' section after the Materials and Methods. Before submitting your revision, primary
datasets produced in this study need to be deposited in an appropriate public database, and the accession numbers and
database listed under 'Data Availability'. Please remember to provide a reviewer password if the datasets are not yet public (see
https://www.embopress.org/page/journal/17574684/authorguide#dataavailability).

In case you have no data that requires deposition in a public database, please state so in this section. Note that the Data
Availability Section is restricted to new primary data that are part of this study.

7) For data quantification: please specify the name of the statistical test used to generate error bars and P values, the number
(n) of independent experiments (specify technical or biological replicates) underlying each data point and the test used to
calculate p-values in each figure legend. The figure legends should contain a basic description of n, P and the test applied.
Graphs must include a description of the bars and the error bars (s.d., s.e.m.). See also 'Figure Legend' guidelines:
https://www.embopress.org/page/journal/17574684/authorguide#figureformat

8) At EMBO Press we ask authors to provide source data for the main manuscript figures. You will receive a separate email with
instructions for providing source data with your revised manuscript, including how to upload and organize the files.

9) Our journal encourages inclusion of *data citations in the reference list* to directly cite datasets that were re-used and
obtained from public databases. Data citations in the article text are distinct from normal bibliographical citations and should
directly link to the database records from which the data can be accessed. In the main text, data citations are formatted as
follows: "Data ref: Smith et al, 2001" or "Data ref: NCBI Sequence Read Archive PRINA342805, 2017". In the Reference list,
data citations must be labeled with "[DATASET]". A data reference must provide the database name, accession
number/identifiers and a resolvable link to the landing page from which the data can be accessed at the end of the reference.
Further instructions are available at .

10) We replaced Supplementary Information with Expanded View (EV) Figures and Tables that are collapsible/expandable
online. A maximum of 5 EV Figures can be typeset. EV Figures should be cited as 'Figure EV1, Figure EV2" etc... in the text and
their respective legends should be included in the main text after the legends of regular figures.

- For the figures that you do NOT wish to display as Expanded View figures, they should be bundled together with their legends
in a single PDF file called *Appendix*, which should start with a short Table of Content. Appendix figures should be referred to in
the main text as: "Appendix Figure S1, Appendix Figure S2" etc.

- Additional Tables/Datasets should be labeled and referred to as Table EV1, Dataset EV1, etc. Legends have to be provided in
a separate tab in case of .xIs files. Alternatively, the legend can be supplied as a separate text file (README) and zipped
together with the Table/Dataset file.

See detailed instructions here:

11) The paper explained: EMBO Molecular Medicine articles are accompanied by a summary of the articles to emphasize the
major findings in the paper and their medical implications for the non-specialist reader. Please provide a draft summary of your
article highlighting

- the medical issue you are addressing,

- the results obtained and

- their clinical impact.



This may be edited to ensure that readers understand the significance and context of the research. Please refer to any of our
published articles for an example.

12) Author contributions: You will be asked to provide CRediT (Contributor Role Taxonomy) terms in the submission system.
These replace a narrative author contribution section in the manuscript.

13) A Conflict of Interest statement should be provided in the main text.

14) Every published paper now includes a 'Synopsis' to further enhance discoverability. Synopses are displayed on the journal
webpage and are freely accessible to all readers. They include a short stand first (maximum of 300 characters, including space)
as well as 2-5 one-sentences bullet points that summarizes the paper. Please write the bullet points to summarize the key NEW
findings. They should be designed to be complementary to the abstract - i.e. not repeat the same text. We encourage inclusion
of key acronyms and quantitative information (maximum of 30 words / bullet point). Please use the passive voice. Please attach
these in a separate file or send them by email, we will incorporate them accordingly.

Please also suggest a striking image or visual abstract to illustrate your article as a PNG file 550 px wide x 300-600 px high.

15) Include a Reagents and Tools Table as part of the Methods section, which can be downloaded from our author guidelines
(https://www.embopress.org/page/journal/17574684/authorguide#structuredmethods)

EMBO Molecular Medicine has a "scooping protection” policy, whereby similar findings that are published by others during
review or revision are not a criterion for rejection. Should you decide to submit a revised version, | do ask that you get in touch
after three months if you have not completed it, to update us on the status.

*kkkk

***** Reviewer's comments
Referee #1 (Comments on Novelty/Model System for Author):

As stated last time, the topic is overall interesting, although the work focuses on applying the existing Al tools, but not really
developing some new tools, to facilitate the identification of new compounds. After the revision, there are some information
added to improve the work though still not very extensive in terms of revealing new mechanisms. So | would maintain my view
that this work is of medium novelty/impact.

Referee #1 (Remarks for Author):

The authors have addressed my concerns for Q1-4. Meanwhile, the KEGG analysis for the DLD1 cell line in Q5 was not
provided.

Referee #2 (Remarks for Author):

This is an improved version, clearly showing the authors' effort to address potential weaknesses of their work. However, the
revision appears a bit rushed, as many of the important additional experiments and analyses were not included in the
manuscript. | particularly do not understand the authors' decision not to present the results with shCD133 cells, which would
significantly strengthen their conclusions. Although the authors' point-by-point response is partially satisfying (see the remaining
issues listed below), the revised manuscript, as it is presented, still lacks mechanistic biological evidence to support the validity
of the Al-based drug discovery approach.

Remaining issues preventing the correct interpretation of the results or undermining the conclusions made:

1) CETSA analysis has been repeated, but the design of the analysis is still flawed. The authors do not provide any evidence of
the same loading, i.e., same CD133 levels under normal conditions (w/o heating) in both control and treated groups. Samples
without any heating should be used for normalization and interpretation of the thermal shift, as is standard in the field (e.g., see
Fig. 2 in https://doi.org/10.1016/j.xpro.2022.101423). Indeed, for a proper comparison, it is crucial to run all samples (ireated vs
untreated) on the same gel/membrane. However, by reviewing the provided source data, there are at most duplicates for PP10
or PP24 CETSA analysis conducted in this design, and none contain loading/normalization controls. Without determining the
CD133 levels at normal (control) temperature, it remains speculative whether the thermal shift is caused by the drug binding or



by differences in basal CD133 expression between groups.

2) Experiments in CD133-high vs. low. cell lines and in CD133-knockdown cells are important to support drug selectivity. The
authors provided some of this evidence in their response, but did not incorporate this data (addressing comments of both
reviewers) into their manuscript.

3) Similarly, to support the PP10-induced autophagy/mitophagy, the authors performed experiments using the suggested
bafilomycin A1, but did not include this data in the manuscript. Bafilomycin A1 is a gold standard inhibitor to study autophagy
flux, and it is important to include these results to support any conclusions. Importantly, the experiments presented in the
authors' response Fig. 8 were not performed correctly. To determine how PP10 affects the autophagy flux, it is crucial to use the
same concentration of the autophagy inhibitor for untreated and treated cells. However, the authors used a 30-fold higher
concentration of the inhibitor for treated cells, which itself may easily lead to more efficient autophagy inhibition and increased
accumulation of LC3-II forms.



2nd Authors' Response to Reviewers 4th Aug 2025

Referee #1 (Comments on Novelty/Model System for Author):

As stated last time, the topic is overall interesting, although the work focuses on applying the existing
Al tools, but not really developing some new tools, to facilitate the identification of new compounds.
After the revision, there are some information added to improve the work though still not very
extensive in terms of revealing new mechanisms. So | would maintain my view that this work is of
medium novelty/impact.

Referee #1 (Remarks for Author):

Q1: The authors have addressed my concerns for Q1-4. Meanwhile, the KEGG
analysis for the DLD1 cell line in Q5 was not provided.

Answer: Thank you for raising this point. We apologize for not including the KEGG
analysis for the DLD1 cell line in our previous response to Q5. Below is the KEGG
result for PP24: In the KEGG analysis of PP24-treated DLD1 cells, the Wnt signaling
pathway ranks significantly lower than other pathways, and the total count of
identified pathways is relatively low. Given these results, we have moved this analysis
to Fig. EV5G rather than including it in the main figures.

Count
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Fig 2 KEGG pathway enrichment analysis showing the functional pathways affected by DEGs in
DLD1 cells following PP24 treatment.

Referee #2 (Remarks for Author):

This is an improved version, clearly showing the authors' effort to address potential weaknesses of their
work. However, the revision appears a bit rushed, as many of the important additional experiments and
analyses were not included in the manuscript. I particularly do not understand the authors' decision not
to present the results with shCD133 cells, which would significantly strengthen their conclusions.
Although the authors' point-by-point response is partially satisfying (see the remaining issues listed
below), the revised manuscript, as it is presented, still lacks mechanistic biological evidence to support



the validity of the Al-based drug discovery approach.
Remaining issues preventing the correct interpretation of the results or undermining the conclusions
made:

Q1: CETSA analysis has been repeated, but the design of the analysis is still
flawed. The authors do not provide any evidence of the same loading, i.e., same
CD133 levels under normal conditions (w/o heating) in both control and treated
groups. Samples without any heating should be used for normalization and
interpretation of the thermal shift, as is standard in the field (e.g., see Fig. 2 in
https://doi.org/10.1016/j.xpro.2022.101423). Indeed, for a proper comparison, it
is crucial to run all samples (treated vs untreated) on the same gel/membrane.
However, by reviewing the provided source data, there are at most duplicates for
PP10 or PP24 CETSA analysis conducted in this design, and none contain
loading/normalization controls. Without determining the CD133 levels at normal
(control) temperature, it remains speculative whether the thermal shift is caused
by the drug binding or by differences in basal CD133 expression between groups.
Answer: Thanks for your advice, we used a slightly different method to perform
CETSA analysis(1-3). Unlike the study mentioned, which compared wild-type and
mutated proteins from different cell lines using a Flag tag for loading control, we used
the same cell line (HCT116 or DLD1) for each experiment. In our study, HCT116 and
DLDL1 cells were collected and lysed using liquid nitrogen. The cell lysate was split
into two equal parts—one treated with PP10 or PP24, and the other with DMSO as a
control. After incubation at room temperature for an hour, samples were exposed to
different temperatures (45 °C, 50 °C, 55 °C, 60 °C) for 3 minutes each, then chilled
on ice for 5 minutes. Post-centrifugation, supernatants were collected and CD133
expression was detected via Western blotting (Fig. 3).

To ensure comparable CD133 levels between control and treated groups, we used
the same cell line for each experiment and divided the cell lysate into equal portions.
This ensured equal CD133 input for both groups. Additionally, the loading volume
was kept the same during Western blotting. The control and drug-treated groups were
loaded onto the same gel and membrane to standardize exposure conditions and
background, the indication of membrane can be seen. It could ensure that any
observed thermal shift was due to drug binding rather than differences in CD133
expression (Fig. 4).
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Q2: Experiments in CD133-high vs. low. cell lines and in CD133-knockdown cells
are important to support drug selectivity. The authors provided some of this
evidence in their response, but did not incorporate this data (addressing
comments of both reviewers) into their manuscript.

Answer: We deeply appreciate the insightful suggestion from the reviewer. In
response, we have incorporated the CD133 - knockdown data, along with pathway
changes and cell viability test results, into Figure 2K, L and Figure EV1B - E of the
manuscript. Additionally, we have added explanations of these results to the text.

Q3: Similarly, to support the PP10-induced autophagy/mitophagy, the authors
performed experiments using the suggested bafilomycin Al, but did not include
this data in the manuscript. Bafilomycin Al is a gold standard inhibitor to study
autophagy flux, and it is important to include these results to support any
conclusions. Importantly, the experiments presented in the authors’ response Fig.
8 were not performed correctly. To determine how PP10 affects the autophagy



flux, it is crucial to use the same concentration of the autophagy inhibitor for
untreated and treated cells. However, the authors used a 30-fold higher
concentration of the inhibitor for treated cells, which itself may easily lead to
more efficient autophagy inhibition and increased accumulation of LC3-11 forms.
Answer: We are grateful for your suggestion. We have included the data from the
Bafilomycin Al experiments in the manuscript, which can be found in Fig. EV4C,
and we have also added related explanations in the manuscript and highlighted them.
We sincerely apologize for the mistake in the Baf-Al concentration in #5. We
mistakenly pasted the concentration of PP10 directly as the concentration of Baf-Al
without making the necessary correction. It should be 0.1 uM, consistent with that in
#4. \We have corrected this error in both the response and the manuscript (Fig. 5).

a
#1 #2 #3 #4 #5 b #1 #2 #3 #4 #5
PP10 - 15 3 - 3 PP10 - 15 3 - 3
(LM) (UM)

Baf-A1 - - - 0.101 Baf-A1 - - - 0101
o2 O 52 0 - - 0:
LC3B s - | 16 kDa LC3B-L 16 kDa
: . 14 kDa 14 kDa
B-actinf e e e s e |42 kDa B-actin—f s w— -‘ 42 kDa

HCT116 DLD1

Fig 5 Expression level of protein within mitophagy pathway. (a, b) Western blot analysis of
mitophagy-related proteins in HCT116 and DLD1 cells treated with PP10 and Baf-Al.

If there are any additional suggestions or specific points that require further attention,
please do not hesitate to let us know. Your expertise is highly regarded, and we are
eager to address any further recommendations to ensure the excellence of our
research.

Thank you for your dedication and commitment to advancing scientific knowledge.
We are honored to have our work considered for publication in EMBO Molecular

Medicine.

Yours sincerely,

Shaohua Ma, Ph.D.

Institute of Biopharmaceutical and Health Engineering,
Shenzhen International Graduate School,

Tsinghua University, Shenzhen, Guangdong 518055, China
Email: ma.shaohua@sz.tsinghua.edu.cn
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2nd Revision - Editorial Decision 28th Aug 2025

28th Aug 2025
Dear Dr. Ma,

We have now heard back from the one referee who agreed to evaluate your manuscript. This referee also assessed author
responses to concerns raised by referee #2. We are pleased to inform you that your manuscript is accepted for publication and
is now being sent to our publisher to be included in the next available issue of EMBO Molecular Medicine.

Your manuscript will be processed for publication by EMBO Press. It will be copy edited and you will receive page proofs prior to
publication. Please note that you will be contacted by Springer Nature Author Services to complete licensing and payment
information.

You may qualify for financial assistance for your publication charges - either via a Springer Nature fully open access agreement
or an EMBO initiative. Check your eligibility: https://www.embopress.org/page/journal/17574684/authorguide#chargesguide

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

If you have any questions, please do not hesitate to contact the Editorial Office. Thank you for your contribution to EMBO
Molecular Medicine.

Yours sincerely,
Zeljko Durdevic

Zeljko Durdevic
Senior Editor
EMBO Molecular Medicine

Referee #1 (Remarks for Author):

This reviewer does not have further comments.

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



EMBO Press Au Checklist

Corresponding Author Name: Shaohua Ma

Journal Submitted to: EMBO Molecular Medicine

Manuscript Number: EMM-2025-21495

Reporting Checklist for Life Science Articles (updated January
This checklist is adapted from Materials Design Analysis Reporting (MDAR) Checklist for Authors. MDAR establishes a minimum set of requirements in
transparent reporting in the life sciences (see Statement of Task: 10.31222/osf.io/9sm4x). Please follow the journal's guidelines in preparing your

Please note that a copy of this checklist will be published alongside your article.

Abridged guidelines for figures

1. Data

The data shown in figures should satisfy the following conditions:
— the data were obtained and processed according to the field’s best practice and are presented to reflect the results of the experiments in an accurate

1

and unbiased manner.

USEFUL LINKS FOR COMPLETING THIS FORM
The EMBO Journal - Author Guidelines
EMBO Reports - Author Guidelines
Molecular Systems Biology - Author Guidelines
EMBO Molecular Medicine - Author Guidelines

ideally, figure panels should include only measurements that are directly comparable to each other and obtained with the same assay.

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

Source Data should be included to report the data underlying figures according to the guidelines set out in the authorship guidelines on Data

2. Captions

Each figure caption should contain the following information, for each panel where they are relevant:
— a specification of the experimental system investigated (eg cell line, species name).

the assay(s) and method(s) used to carry out the reported observations and measurements.

an explicit mention of the biological and chemical entity(ies) that are being measured.

an explicit mention of the biological and chemical entity(ies) that are altered/varied/perturbed in a controlled manner.

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

a description of the sample collection allowing the reader to understand whether the samples represent technical or biological replicates (including

-

!

how many animals, litters, cultures, etc.).

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

definitions of statistical methods and measures:

- common tests, such as t-test (please specify whether paired vs. unpaired), simple x2 tests, Wilcoxon and Mann-Whitney tests, can be
unambiguously identified by name only, but more complex techniques should be described in the methods section;

- are tests one-sided or two-sided?
- are there adjustments for multiple comparisons?

- exact statistical test results, e.g., P values = x but not P values < x;

- definition of ‘center values’ as median or average;
- definition of error bars as s.d. or s.e.m.

Please complete ALL of the questions below.
Select "Not Applicable” only when the requested information is not relevant for your study.

Materials

Newly Created Materials

Information included in
the manuscript?

In which section is the information available?
(Reagents and Tools Table, Materials and Methods, Figures, Data Availabilty Section)

New materials and reagents need to be available; do any restrictions apply?

There are no new materials or reagents in our study

Antibodies

Information included in
the manuscript?

In which section is the information available?
(Reagents and Tools Table, Materials and Methods, Figures, Data Availabilty Section)

For antibodies provide the following information:

- Commercial antibodies: RRID (if possible) or supplier name, catalogue
number and or/clone number

- Non-commercial: RRID or citation

Material and Methods - Western blot section The following primary
antibodies were used: Caspase-1 (A0964), GSDMD (A20197), IL-1B
(A16288), Caspase-3 (A19654), Bax (A12009), Bcl-2 (A19693), B-actin
(AC038), p-mTOR (AP0978), mTOR (A11355), p-PI3K (AP0427), PI3K
(A4992). p-Akt (AP1332). Akt (A22770). P62 (A11483). LC3B (A11282) b-

DNA and RNA sequences

Information included in
the manuscript?

In which section is the information available?
(Reagents and Tools Table, Materials and Methods, Figures, Data Availability Section)

Short novel DNA or RNA including primers, probes: provide the
sequences.

There are no primers or probes in our study

Cell materials

Information included in

In which section is the information available?

the ipt? (Reagents and Tools Table, Materials and Methods, Figures, Data Availability Section)
Cell lines: Provide species information, strain. Provide accession number Material and Methods - Cell lines culture section HCT116, DLD1, A549,
in repository OR supplier name, catalog number, clone number, and/OR Yes

RRID.

HCCLMS3, and CNEZ2, cell lines were obtained from the Cell Bank of the

Shanghai Institutes for Sciences, Chinese y of Sciences.

Primary cultures: Provide species, strain, sex of origin, genetic
modification status.

There are no primary cell used in study

Report if the cell lines were recently authenticated (e.g., by STR profiling)
and tested for mycoplasma contamination.

There are no un-authenticated cell used in study

Experimental animals

Information included in
the manuscript?

In which section is the information available?
(Reagents and Tools Table, Materials and Methods, Figures, Data Availability Section)

Laboratory animals or Model organisms: Provide species, strain, sex,

Material and Methods - Animal section Female BALB/c mice (4—-6 weeks

age, genetic modification status. Provide accession number in repository Yes old) and female NSG mice (4-6 weeks old) were acquired from the
OR supplier name, catalog number, clone number, OR RRID. Guangdong Medical Laboratory Animal Center in China.
Animal observed in or captured from the field: Provide species, sex, . . .

" There are no wild animal used in study
and age where possible.
Please detail housing and husbandry conditions. Yes Material and Methods - Animal section hese animals were maintained in

the Lab Animal Center at Pekina Universitv Shenzhen Graduate

Plants and microbes

Information included in
the manuscript?

In which section is the information available?
(Reagents and Tools Table, Materials and Methods, Figures, Data Availability Section)

Plants: provide species and strain, ecotype and cultivar where relevant,
unique accession number if available, and source (including location for
collected wild specimens).

There are no Plants used in study

Microbes: provide species and strain, unique accession number if
available, and source.

There are no Microbes used in study

Human research participants

Information included in
the manuscript?

In which section is the information available?
(Reagents and Tools Table, Materials and Methods, Figures, Data Availability Section)

If collected and within the bounds of privacy constraints report on age, sex
and gender or ethnicity for all study participants.

There are no participant involved in study

Core facilities

Information included in
the manuscript?

In which section is the information available?
(Reagents and Tools Table, Materials and Methods, Figures, Data Availability Section)

If your work benefited from core facilities, was their service mentioned in
the acknowledaments section?

Yes

Majority of works were conducted at Tsinghua SIGS, we have mentioned
the foundation information in acknowledgments section

Design
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Ethics

Study protocol

Information included in
the manuscript?

In which section is the information available?
(Reagents and Tools Table, Materials and Methods, Figures, Data Availability Section)

If study protocol has been pre-registered, provide DOI in the
manuscript. For clinical trials, provide the trial registration number OR cite
DOl.

Most of experiments were conducted followed by instruction of Kit

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

There are no clinical trial involved in study

Laboratory protocol

Information included in
the manuscript?

In which section is the information available?
(Reagents and Tools Table, Materials and Methods, Figures, Data Availability Section)

Provide DOI OR other citation details if external detailed step-by-step
protocols are available.

Yes

The production of Organoid was followed by previous protocol of our lab,
the DOI: 10.1016/j.xcrm.2020.100161.

Experimental study design and statistics

Information included in
the manuscript?

In which section is the information available?
(Reagents and Tools Table, Materials and Methods, Figures, Data Availability Section)

Include a statement about sample size estimate even if no statistical

methods were used. Yes The sample size was mentioned at figure legend section
Were any steps taken to minimize the effects of subjective bias when In animal expriment, to minimize the effects of subjective bias, Random
. . i number table method was conducted. we used a random number table to
allocating ar nples to (e.g. pi )? Yes . N . y
N assign animals to groups. We numbered the animals first, then determine
If yes, have they been described? >
their group based on the random numbers.
Include a statement about blinding even if no blinding was done. WoesEd randomlzatlon @il se\egllpn, a‘nd Gl e e el
during the drug .
f[:::ﬂ:’:;2::u;;"w;:‘t’:;z’:i;g;en; ';:;Z‘I?s‘:sez animals were excluded we used standard deviation medtod to exclude abnormal data. Calculate
ysis. P : Yo the mean and standard deviation of the dataset. Typically, data points that
es N . .
. . . lie beyond a certain number of standard deviations (e.g., +2 or +3) from the
If sample or data points were omitted from analysis, report if this was due . .
n o mean are considered outliers.
to attrition or intentional exclusion and provide justification.
For every figure, are statistical tests justified as appropriate? Do the data
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