Dear Editor and Reviewers,

We are very grateful for your and the reviewers' critical comments and
thoughtful suggestions on our preliminary acceptance manuscript entitled
"Targeting MLKL Non-Necroptosis role : A New Horizon in
Anti-inflammatory Therapy for Alcoholic Liver Disease"(Manuscript NO.:
104546, Letters to the Editor). Based on these comments and suggestions, we
have made careful modification on the original manuscript. All changes made
to the text are in yellow in the revised manuscript so that they may be easily
identified. Some of your questions were answered below. Once again, we
acknowledge your comments and constructive suggestions very much, which
are valuable in improving the quality of our manuscript. Here are our

responses to the reviewer’s comments one-by-one.

Reviewer #1:

1. The introduction provides a solid background on ALD and MLKL's role
in necroptosis. However, the transition to MLKL's non-necroptotic
functions is abrupt. The authors should include a brief explanation of why
non-necroptotic roles are significant and how they differ mechanistically
from necroptosis.

Response: We thank you for the kind and insightful comments and
suggestions! We agree with the reviewer's suggestions and will incorporate
the recommended changes into the manuscript. As you suggestion, we have
included a brief explanation of why non-necroptotic roles are significant and
how they differ mechanistically from necroptosis in the first paragraph of the
manuscript. The revised version were as follows and highlighted in yellow in
the manuscript.

First paragraph: “Traditionally, MLKL-driven necroptosis depends on
RIPK3-mediated phosphorylation, followed by membrane
permeabilization[4]. However, recent findings suggest that MLKL also plays
a vital role in non-necroptosis that may have distinct and equally important
contributions to the progression of ALD[5].”

‘ Third paragraph: “However, previous studies_suggest that MLKL’s role in
ALD is more complex. For instance, appendicitis gigantea grape extract
(AGE) regulates MLKL as a downstream target of TLR4/NF-xB/
MLKL-mediated necrosis pathway , promoting the progression of ALD[7].
In addition, oligomeric procyanidins (OPCs) inhibit cellular pyroptosis and



mitigate  acute  alcoholic  liver injury by  disrupting the
ROS-MLKL-CTSB-NLRP3 pathway[8]. Further studies showed that activated
BAX binds to MLKL, facilitating its translocation to the lysosomal membrane
and inducing lysosomal membrane permeability (LMP) in response to
alcohol-induced lipotoxicity.”

2. As this is a "Letter to the Editor," the manuscript does not include
original experimental data. However, the authors rely heavily on
summarizing prior studies without critically analyzing them. For example,
the findings of Xuan Yuan HN et al. [5] are repeatedly mentioned but not
critically evaluated. The authors should discuss the limitations or potential
biases in these studies to provide a balanced perspective.

Response: We thank you for your constructive comments. We have included
and analyzed the limitations and potential biases in the studies that we cites.
Briefly, we propose in the fourth paragraph that it is insufficient to focus only
on MLKL affecting ALD through NF-xB signaling pathway. Combined with
previous studies, identification of MLKL as a multi-pathway signaling hub
will provide insights into the treatment of ALD. In addition, we also proposed
in the fifth paragraph that in the original article, the research on CPD4 is
insufficient, and the experiment should be improved according to the current
limitations of CPD4 in clinical application. Additions are highlighted in
yellow in the original text and as follows:

Fourth paragraph: “These findings suggest that focusing solely on the NF-xB
pathway overlooks the broader role of MLKL. I Its involvement in multiple
signaling pathways, such as necroptosis and inflammation is crucial to ALD
pathogenesis. Therefore, targeting multiple MLKL-regulated pathways holds
promise for advancing therapeutic strategies in ALD.”

Fifth paragraph: “CPD4’s clinical application faces several limitations. Firstly,
its pharmacokinetics, including bioavailability, metabolism, and tissue
distribution, remain insufficiently characterized. Secondly, critical
toxicological data are currently lacking for CPD4, including dose-response
relationships, long-term safety, and organ-specific toxicity. Thirdly, the
selectivity of CPD4 in the complex disease microenvironment and its
interaction with other cell death pathways require further investigation.
Lastly, evidence for CPD4 as an inhibitor of MLKL ATP binding pocket is
lacking. In future studies, more attention should be paid to the structural
docking between CDP4 and MLKL to deepen our understanding of the role of
CPD4 in targeting MLKL. At the same time, preclinical safety evaluation
should be combined with adaptive clinical trial design to address these
challenges and accelerate their translation to clinical application.”



3. While the authors highlight CPD4's potential as an MLKL ATP-binding
pocket inhibitor, they do not explore its limitations or compare it with other
MLKL inhibitors (e.g., NSA, TC13172, NBC1). A comparative analysis
would strengthen the manuscript.

Response: We greatly appreciate the insightful and constructive comments,
which have inspired us to further refine our manuscript. In response to your
suggestion, we present four limitations of CPD4 in the current study in the
tifth paragraph. Moreover, we deepen the introduction of this paper by
highlighting the specific domains of MLKL targeted by different inhibitors
and introducing that the special function of CPD4 is to target the ATP-binding
pocket of MLKL. This part of the content has been marked in yellow in the
manuscript, and the revised content is attached below for editors' review.

“Compared to other MLKL inhibitors, such as NSA (targeting the
pseudo-kinase domain)[11], TC13172 (binding to the N-terminal coiled-coil
domain)[11, 12], and NBC1 (allosteric inhibitor of MLKL oligomerization)[13],
CPD4’s clinical application faces several limitations. Firstly, its
pharmacokinetics, including bioavailability, metabolism, and tissue
distribution, remain insufficiently characterized. Secondly, critical
toxicological data are currently lacking for CPD4, including dose-response
relationships, long-term safety, and organ-specific toxicity. Thirdly, the
selectivity of CPD4 in the complex disease microenvironment and its
interaction with other cell death pathways require further investigation.
Lastly, evidence for CPD4 as an inhibitor of MLKL ATP binding pocket is
lacking. In future studies, more attention should be paid to the structural
docking between CDP4 and MLKL to deepen our understanding of the role of
CPD4 in targeting MLKL. At the same time, preclinical safety evaluation
should be combined with adaptive clinical trial design to address these
challenges and accelerate their translation to clinical application.”

Reviewer #2:

1. Language and Expression Issues: Repetitive Content: The manuscript
repeatedly discusses the role and potential of CPD4, particularly in the
second and fourth paragraphs. The author should consolidate these sections
to avoid redundancy and improve conciseness. Spelling Error: In the
conclusion, "hightlighted" should be corrected to "highlighted."

Response: We appreciate the reviewer’s careful editing. We integrated the
contents of CPD4 in the second and fourth paragraphs to make our
manuscript more concise. We are very sorry for your spelling error and have
corrected it in the original text.



2. Logical Structure Issues: Deviation from Main Topic: The fourth
paragraph discusses CPD4's role in other diseases (e.g., hepatitis B, breast
cancer, bladder cancer), which lacks sufficient relevance to the core
discussion of MLKL in ALD. The author should provide clearer logical
transitions to explain how CPD4's research in other diseases informs its
application in ALD or consider removing irrelevant content.

Response: Thank you very much for the positive feedback and constructive
points. In response to your suggestion, we have deleted the description of
CPD4 in hepatitis, breast cancer and bladder cancer, but mainly highlight the
role of CPD4 in apoptosis through modulation of programmed cell death
pathways. In addition, we have re-edited the fourth paragraph to focus on the
differences between CPD4 as an inhibitor of the ATP-binding pocket of MLKL
and other inhibitors of MLKL, and proposed the limitations of CPD4. These
changes have been highlighted in yellow in the original text and are attached
below.

“As a chlorophyll-derived metabolite, CPD4 has been shown in multiple
studies to possess dual biological effects: broad-spectrum antiviral activity[10]
and the ability to induce apoptosis in specific pathological conditions through
modulation of programmed cell death pathways[11]. Notably, Xuan Yuan et
al. highlighted CPD4’s potential as an MLKL ATP-binding pocket inhibitor to
alleviate liver inflammation and improve liver function in ALD patients,
positioning it as a novel therapeutic candidate targeting MLKL-mediated
non-necrotic apoptosis pathways. Compared to other MLKL inhibitors, such
as NSA (targeting the pseudo-kinase domain)[12], TC13172 (binding to the
N-terminal coiled-coil domain)[12, 13], and NBC1 (allosteric inhibitor of
MLKL oligomerization)[14], CPD4’s clinical application faces several
limitations.  Firstly, its pharmacokinetics, including bioavailability,
metabolism, and tissue distribution, remain insufficiently characterized.
Secondly, critical toxicological data are currently lacking for CPD4, including
dose-response relationships, long-term safety, and organ-specific toxicity.
Thirdly, the selectivity of CPD4 in the complex disease microenvironment and
its interaction with other cell death pathways require further investigation.
Lastly, evidence for CPD4 as an inhibitor of MLKL ATP binding pocket is
lacking. In future studies, more attention should be paid to the structural
docking between CDP4 and MLKL to deepen our understanding of the role of
CPD4 in targeting MLKL. At the same time, preclinical safety evaluation
should be combined with adaptive clinical trial design to address these
challenges and accelerate their translation to clinical application.”



3. Conclusion Section: Insufficient Future Research Perspectives: The
conclusion should include more insights into future research directions for
MLKL and CPD4, such as exploring their mechanisms in ALD treatment,
potential combination therapies, or clinical trial possibilities, to enhance
the manuscript's forward-looking perspective.

Response: In response to your suggestion, we raised the possibility that
MLKL could be used as a combination therapy in the future. In addition, we
propose that the structural study of MLKL functional domains (e.g.,
ATP-binding pocket, four-helix bundle) could guide the development of
allosteric inhibitors or bifunctional molecules to achieve precise regulation of
inflammation and cell death pathways. Thus, it can overcome the limitations
of single-route treatment of ALD and provide personalized and multi-level
solutions for complex liver diseases. We have highlighted this part of our
manuscript in yellow and attached the revised content below for editors'
review.

“Future studies should focus on developing different inhibitors and exploring
the synergistic effects of MLKL in combination therapies. The specificity of
inhibitors for MLKL will be improved by structural biology in the future. In
addition, molecular docking, cryoelectron microscopy, surface plasmon
resonance (SPR) and other techniques are essential to solve the off-target
effects of existing MLKL inhibitors. Structural studies of MLKL's functional
domains, such as the ATP-binding pocket and four-helix bundle, could guide
the development of allosteric inhibitors or dual-functional molecules,
enabling precise regulation of inflammation and cell death pathways. In
conclusion, MLKL-targeted therapies, through interdisciplinary and
translational research, may overcome the limitations of single-pathway
treatments in ALD and provide personalized, multi-layered solutions for
complex liver diseases.”

4. Reference Issues: Formatting Error: In Reference 5, there is an extra space
before "pathway." The author should thoroughly check the reference
formatting to ensure compliance with journal guidelines.

Response: We were really sorry for our careless mistakes. We have revised
citations in the original article and thoroughly reviewed the format of
references to ensure compliance with journal guidelines.

Reviewer #3:

1. Specifically, discussing its role in necroptosis and the regulation of
inflammation in liver diseases, as well as comparing its function in ALD
versus other liver pathologies such as non-alcoholic steatohepatitis (NASH)



or viral hepatitis, would provide a more robust background. Highlighting
the uniqueness of MLKL as a therapeutic target in ALD, including insights
into its crosstalk with key pathways such as TNF-a, RIPK1/3, and oxidative
stress, would also strengthen the introduction.

Response: We greatly appreciate the insightful and constructive comments,
which have inspired us to further refine our research. In response to your
suggestion, in the third paragraph, we highlight the different ways in which
MLKL regulates the disease, including its modulation of different pathways
(e.g., NF-Kb, ROS, autophagy), to emphasize the specificity of MLKL as a
therapeutic target for ALD. This part of the content has been marked in
yellow in the original text, and the revised content has been added below for
editors' review.

“However, previous studies_suggest that MLKL’s role in ALD is more
complex. For instance, appendicitis gigantea grape extract (AGE) regulates
MLKL as a downstream target of TLR4/NF-xB/ MLKL-mediated necrosis
pathway , promoting the progression of ALD[7]. In addition, oligomeric
procyanidins (OPCs) inhibit cellular pyroptosis and mitigate acute alcoholic
liver injury by disrupting the ROS-MLKL-CTSB-NLRP3 pathway[8]. Further
studies showed that activated BAX binds to MLKL, facilitating its
translocation to the lysosomal membrane and inducing lysosomal membrane
permeability (LMP) in response to alcohol-induced lipotoxicity..”

2. Sufficiency of Data Support The manuscript describes the CPD4 inhibitor’s
targeting of the ATP-binding pocket of MLKL and its suppression of inflammation
through the NF-xB signaling pathway. While these findings are intriguing, the data
supporting these claims are insufficiently detailed. To enhance the manuscript’s
reliability, the authors are encouraged to include additional experimental data
demonstrating the molecular interaction between CPD4 and MLKL. For instance,
structural or docking studies illustrating the specificity of CPD4 for MLKL’s
ATP-binding pocket would substantiate these claims. Moreover, data showing the
downstream effects of this interaction on NF-xB signaling, such as alterations in
cytokine expression or inflammatory marker levels, could further validate the
proposed mechanism. Including evidence from in vitro models of ALD that
demonstrate CPD4's efficacy in reducing necroptosis or inflammation would also
strengthen the manuscript. Where experimental data are not available, referencing
recent studies that align with the proposed mechanism of CPD4 inhibition would
provide additional support.

Response: We think this is an excellent suggestion. As this is a letter to the
editor, part of the experimental section is indeed missing to demonstrate the
molecular interaction between CPD4 and MLKL. We present this part in our
manuscript and point out that exploring the specific mechanism of CPD4



interaction with MLKL will deepen our understanding of CPD4 inhibiting
inflammatory response. These changes are highlighted in yellow and attached
below for review.

Fourth paragraph: “Lastly, evidence for CPD4 as an inhibitor of MLKL ATP
binding pocket is lacking. In future studies, more attention should be paid to
the structural docking between CDP4 and MLKL to deepen our
understanding of the role of CPD4 in targeting MLKL. At the same time,
preclinical safety evaluation should be combined with adaptive clinical trial
design to address these challenges and accelerate their translation to clinical
application.”

Fifth paragraph: “Future studies should focus on developing different
inhibitors and exploring the synergistic effects of MLKL in combination
therapies. The specificity of inhibitors for MLKL will be improved by
structural biology in the future. In addition, molecular docking, cryoelectron
microscopy, surface plasmon resonance (SPR) and other techniques are
essential to solve the off-target effects of existing MLKL inhibitors.
Structural studies of MLKL's functional domains, such as the ATP-binding
pocket and four-helix bundle, could guide the development of allosteric
inhibitors or dual-functional molecules, enabling precise regulation of
inflammation and cell death pathways. In conclusion, MLKL-targeted
therapies, through interdisciplinary and translational research, may overcome
the limitations of single-pathway treatments in ALD and provide
personalized, multi-layered solutions for complex liver diseases.”

3. Preclinical Research or Experimental Validation While CPD4 is
highlighted as a promising therapeutic agent, the manuscript lacks
preclinical studies or animal research validating its efficacy in vivo.
Including preclinical data demonstrating CPD4's impact on ALD models,
such as its effect on liver injury markers (e.g., ALT, AST), histopathological
changes, or survival rates, would significantly enhance the manuscript’s
practical implications. If such data are not yet available, the authors could
enrich the discussion by outlining potential future research directions. For
example, proposing studies to evaluate CPD4’s pharmacokinetics, safety
profile, and efficacy in animal models of ALD would demonstrate the
translational relevance of their findings. Additionally, exploring CPD4's
combinatorial effects with existing therapies, such as antioxidants or
anti-inflammatory agents, could provide insight into its potential role in
clinical settings. Addressing these aspects would not only add depth to the
manuscript but also position it as a forward-looking contribution to the
field of ALD therapeutics.



Response: We thank you for the kind and insightful comments and
suggestions! Our discussion in the fourth paragraph added some of the
limitations of CPD4 as a promising drug in the present study. At the same
time, we also proposed its future research directions. This part of the content
has been marked in yellow in the manuscript, and the revised content is
attached below for editors' review.

Fourth paragraph: “CPD4’s clinical application faces several limitations.
Firstly, its pharmacokinetics, including bioavailability, metabolism, and tissue
distribution, remain insufficiently characterized. Secondly, critical
toxicological data are currently lacking for CPD4, including dose-response
relationships, long-term safety, and organ-specific toxicity. Thirdly, the
selectivity of CPD4 in the complex disease microenvironment and its
interaction with other cell death pathways require further investigation.
Lastly, evidence for CPD4 as an inhibitor of MLKL ATP binding pocket is
lacking. In future studies, more attention should be paid to the structural
docking between CDP4 and MLKL to deepen our understanding of the role of
CPD4 in targeting MLKL. At the same time, preclinical safety evaluation
should be combined with adaptive clinical trial design to address these
challenges and accelerate their translation to clinical application.”

Fifth paragraph: “Future studies should focus on developing different
inhibitors and exploring the synergistic effects of MLKL in combination
therapies. The specificity of inhibitors for MLKL will be improved by
structural biology in the future. In addition, molecular docking, cryoelectron
microscopy, surface plasmon resonance (SPR) and other techniques are
essential to solve the off-target effects of existing MLKL inhibitors.
Structural studies of MLKL's functional domains, such as the ATP-binding
pocket and four-helix bundle, could guide the development of allosteric
inhibitors or dual-functional molecules, enabling precise regulation of
inflammation and cell death pathways.”



