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Cancer cells dying from ferroptosis impede dendritic 
cell-mediated anti-tumor immunity 



REVIEWER COMMENTS 
 
Reviewer #1 (Remarks to the Author): 
 
The manuscript “Cancer cells dying from ferroptosis impede dendritic cell mediated anti-tumor 
immunity” written by Bartosz Wiernicki and colleagues is an interesting paper that explores the 
capacity of ferroptosis to induce the so-called immunogenic cell death “ICD”. The major claim of 
the paper is ferroptosis does not induce ICD even though the production of DAMPS, and 
inflammatory cytokines. This conclusion is well supported by the data presented in the paper. The 
methodology is correct and well documented. Note that since I am not a statistician I did not 
evaluated the methods used for statistics. 
 
Strengths include the use an inducible model of ferroptosis relying on the doxycycline dependent 
knockdown of GPX4 allowing synchronized and complete cell death induction. 
 
The novelty of this study resides in the description of all the mechanisms usually associated with 
immunogenic cell death and yet ferroptosis does not induce immunogenicity. This suggests that 
the commonly studied markers associated with ICD (ATP, HMGB1, IFNb...) may not be 
systematically correlated with ICD. This work is important since it challenges the mandatory role of 
DAMPS and other inflammatory cytokines for the induction of ICD. 
 
I have major comments and questions: 
 
Calreticulin (CRT) exposure has been described as an important feature of type I ICD. Why didn't 
the authors monitor it? CRT should be monitored. 
 
A recent study published in 2020 seems to show contradictory data. Indeed, Iuliia Efimova has 
published a study entitled “Vaccination with early ferroptotic cancer cells induces efficient 
antitumor immunity” J Immunother Cancer. 2020; 8(2): e001369. In this paper, authors used the 
same tumor cell line (MCA205) and demonstrated that early ferroptosis induced ICD contrary to 
late ferroptosis. Bartosz Wiernicki and colleagues discussed these results as “short treatment with 
ferroptosis inducers does not result in complete cell death induction and retains a high yield of 
living cells. Indeed, as we found and confirmed by the authors, removal of the chemical ferroptosis 
inducers after a short period of incubation does not result in full cell death.” This reflection is 
interesting but not necessarily convincing on several aspects. 
• Firstly, when we use anti-cancer drugs in patients, death induction is never 100% synchronized 
and complete but still can favor immunogenicity. Authors should discuss this point 
• Secondly, this would imply that the living cells of the MCA205 model would have a vaccination 
effect. This was described for some tumor lines and published under the concept of concomitant 
immunity. This concomitant immunity isinhibited by immunosuppressive mechanisms such as 
regulatory T cells (Alan N. Houghton Group; J. Exp. Med. Volume 200, Number 6, 20 September 
2004 771-782). However, this control (i.e. living MCA205 cells) is never included in experiments 
and has to be included in experiments. 
• Thirdly, as shown for mitoxantrone, about 50% of tumor cells are still alive (extended data, 
figure 1d) and yet the vaccine effect exists. Therefore, a question remains with mitoxantrone in 
authors’ setting: is apoptotic cells or living cells inducing this vaccine effect? 
Thus, it is crucial to have the vaccine effect of living MCA205 cells to observe (or not) the induction 
of concomitant immunity. If so, this would imply that DAMPS and other inflammatory cytokines 
released by dying cells have an adjuvant effect only in the presence of concomitant immunity 
(induced by living tumor cells), therefore only with immunogenic tumors. It would be interesting to 
show by diluting living cells with increasing doses of ferroptosis-induced cell death that 
concomitant immunity is inhibited. The involvement of Treg in this mechanism should be also 
monitored. This may provide an explanation for the observation that ferroptosis is associated with 
poor prognosis in some patients (Zhu L, Cancer Cell Int (2021) 21(1):124; Zheng Y, J Cell Mol Med 
(2021) 25(6):3080–90; Jiang X, J Oncol (2021) 2021:6635526) even though ferroptosis could be 
correlated with immune infiltrate (Chen Ji. Front Oncol. 2021; 11: 700084). 
 
I have minor comments and questions: 
• Incubation time with cell death inducers should be clearly indicated for each experiments. 



• Rechallenge with only 30.000 MCA205 should be justified. What is the tumor uptake rate with 
this seemingly low cell count? 
• Figure 1b left panel, doxorubicin data are missing. Should be included. 
• Figure 2e and fig 6a and 6b: immunogenic apoptosis; necroptosis. No information of ICD inducer 
(apoptosis and necroptosis) is indicated is the figure legend 
• Figure 4b: Does Cxcc5 stand for CXCR5? 
 
 
 
Reviewer #2 (Remarks to the Author): 
 
Wiernicki and colleagues report that ferroptotic cancer therapy is not suitable for immunogenic cell 
death vaccination therapy as it negatively impacts the downstream immune response. It is a 
finding that depicts the unresolved immunogenic potential of ferroptotic cell death for prophylactic 
cancer cell vaccination. The paper is overall elegantly written and presented. Authors eloquently 
analyze the different stages of ferroptosis throughout the manuscript to identify the characteristics 
that are required for immunogenic cell death. The data is thorough as it not only compares 
pharmacological inhibition of Gpx4 by ML160 and RSL3 but also takes a genetic approach by 
inducible knockout of Gpx4. These systems together along with usage of inhibitor of SLC7A11, 
transporter for cysteine and ultimately glutathione building block strengthens the value of this 
study. There are some questions that do remain, however, and additional controls are also 
required. How ferroptosis induces immunogenic cell death profile (i.e. Release of DAMPs, 
cytokines, chemokines) yet experiences dampening of the adaptive immune response that is 
necessary for immunological protection is not well defined and insight here would be greatly 
appreciated. Provided the authors can address some of the questions below, this paper would be 
of great interest to the readership at Nature Communications. 
 
Specific comments: 
 
1. In figure 3b, authors illustrate expression of DC activation markers upon presentation with 
cancer cells at different ferroptotic stages, and show that exposure to cells at 
intermediate/terminal stages facilitate the upregulation of CD86, CD40 and MHC-II but not initial 
stage of ferroptosis. Although it is unclear whether the magnitudes of expression marker 
upregulation in intermediate/terminal stages are to the extent of apoptosis or necroptosis cancer 
cells, it is nonetheless coherent from the subsequent data that DC maturation in terms of 
production of cytokine and T cell cross-presentation is impaired. Yet the question still remains: 
why is immune response dampened with ferroptotic cancer cells? Authors discuss the potential role 
of PGE2 and oxPL, and indeed, lipid-laden DCs are known to result in loss of function. Are the 
authors able to observe lipid droplets in these DCs? Could they measure lipid species in ferroptotic 
cancer cell-loaded DCs? It would be of interest to identify the differences that define 
characteristics of initial vs intermediate/terminal. 
 
2. It is intriguing that ferroptosis does not induce externalization of phosphatidylserine to the outer 
plasma membrane. What is the defining factor of phosphatidylserine-independent phagocytosis 
that is unique to terminal ferroptosis cancer cells and not the other stages? 
 
3. In Figure 5, authors show hampered proliferation of CD8 T cells upon both pharmacological 
inhibition and genetic knockdown of Gpx4. As ferroptotic cancer cells do not successfully regress 
tumor growth, one can speculate that the effector response is also dampened entirely. However, 
could the authors also measure other forms of effector readouts such as IFNg production, anti-
tumor memory, CD4-help to assure that ferroptotic cancer cells are incapable of mounting anti-
tumor response? 
 
4. For the in vivo portion of this study, the authors provide % of tumor-free mice. Could the 
authors provide data on the tumor growth? Would the tumor growth in ferroptosis vaccinated 
condition still be similar to that of PBS control? 
 
5. To induce necroptosis, the authors use the combination of TNF, TAK1i and zVAD-fmk. Indeed, 
TAK1 can regulate cell viability via RIPK1 pathway, but it can also regulate NK-kB activation. Could 



the authors please discuss the usage of TAK1 as a necroptosis inducer and the effect it may have 
on NF-kB signaling as well as downstream effector response in accordance to the paper by DOI: 
10.1126/science.aad0395? 
 
6. Extended Figure 1a/c: Why is there a difference in cell death/lipid peroxidation in ML162 vs 
RSL3? DFO does not restore cell survival and addition of Fer-1 does not abrogate lipid 
peroxidation. Do these results link to the non-specific nature of ML162 that is mentioned in 
Extended Fig 5b? Would the results be more conclusive with ML210? 
 
Minor comments: 
1. Figure legends do not indicate how many times the experiments were repeated. 
2. The legend in Fig 3 includes explanation of the results. Please adjust accordingly to explain what 
had been performed in each subfigure instead. 
3. For Figure 2b, please include expression patterns of necroptosis/apoptosis as a comparison to 
ferroptosis-induced DC maturation markers. 
4. Figure 2e is missing a negative control (ie PBS). 
5. The authors challenge previous findings by Efimova et al. yet use ML162 instead of RSL3 to 
justify their case (extended figure 3). Would the trajectory of death in prophylactic vaccination 
model using RSL3 still be similar to that of ML162 (this question arises due to the unspecificity of 
ML162)? 



 

We wish to thank you and the reviewers for the insightful comments as they greatly helped us to 
improve the quality of our manuscript. Please find point by point responses to your remarks below: 

 

NCOMMS-21-23582-T “Cancer cells dying from ferroptosis impede dendritic cell-mediated anti-tumor 
immunity” Wiernicki et al. 

Referee 1 

The manuscript “Cancer cells dying from ferroptosis 
impede dendritic cell mediated anti-tumor 
immunity” written by Bartosz Wiernicki and 
colleagues is an interesting paper that explores the 
capacity of ferroptosis to induce the so-called 
immunogenic cell death “ICD”. The major claim of 
the paper is ferroptosis does not induce ICD even 
though the production of DAMPS, and inflammatory 
cytokines. This conclusion is well supported by the 
data presented in the paper. The methodology is 
correct and well documented. Note that since I am 
not a statistician I did not evaluated the methods 
used for statistics. 
Strengths include the use an inducible model of 
ferroptosis relying on the doxycycline dependent 
knockdown of GPX4 allowing synchronized and 
complete cell death induction.  
The novelty of this study resides in the description of 
all the mechanisms usually associated with 
immunogenic cell death and yet ferroptosis does not 
induce immunogenicity. This suggests that the 
commonly studied markers associated with ICD (ATP, 
HMGB1, IFNb...) may not be systematically 
correlated with ICD. This work is important since it 
challenges the mandatory role of DAMPS and other 
inflammatory cytokines for the induction of ICD. 

We would like to thank this referee for the 
appreciation of the methodology, the conclusions, 
and the novelty of our study. 

Calreticulin (CRT) exposure has been described as an 
important feature of type I ICD. Why didn't the 
authors monitor it? CRT should be monitored. 

Following the reviewer’s advice, we performed flow 
cytometry experiments studying the presence of 
calreticulin during ferroptosis using three chemical 
ferroptosis inducers as well as the genetic model. The 
results show that in all instances, calreticulin is 
exposed during cell death, but in contrast to 
doxorubicin, at later stages of cell death just before 
the cells loose plasma membrane integrity. This 
resulted in changes in Figure 2c and additional 
Figures 1c, 1d, 2c and 2d and Extended Data Fig. 2b, 
2c. The new results are described in lines 84-91, 121-
124 and discussed in lines 284-291. Additionally, 
given that exposed calreticulin facilitates 
phagocytosis of dying cells (Feng et al., 2018), we 
analyzed whether blocking the membrane 
calreticulin can decrease phagocytosis of terminal 
ferroptotic cells. Our data revealed that blocking 
calreticulin exposure of terminally ferroptotic cells 
did not affect their phagocytosis by dendritic cells.  
The additional data also resulted in adaptations in the 



results (lines 171-172), discussion (lines 291-293) and 
the new Figure 3g. 

A recent study published in 2020 seems to show 
contradictory data. Indeed, Iuliia Efimova has 
published a study entitled “Vaccination with early 
ferroptotic cancer cells induces efficient antitumor 
immunity” J Immunother Cancer. 2020; 8(2): 
e001369. In this paper, authors used the same tumor 
cell line (MCA205) and demonstrated that early 
ferroptosis induced ICD contrary to late ferroptosis. 
Bartosz Wiernicki and colleagues discussed these 
results as “short treatment with ferroptosis inducers 
does not result in complete cell death induction and 
retains a high yield of living cells. Indeed, as we 
found and confirmed by the authors, removal of the 
chemical ferroptosis inducers after a short period of 
incubation does not result in full cell death.” This 
reflection is interesting but not necessarily 
convincing on several aspects. 

We thank the reviewer for raising the issue of live 
cells component in the induction of immunogenic cell 
death, as it is often ignored in the field. 
The results of an ex-colleague of us (Dmitri Krysko) 
are indeed intriguing because with apparently 
opposite conclusion despite the use of an identical 
cancer model. We have tried to explain this opposite 
conclusion and think that the contribution of living 
cells at the vaccination site after short treatment with 
ferroptosis inducers as a model for “early ferroptosis” 
may explain the finding. This is why we have put so 
much effort to develop an inducible and synchronized 
model for ferroptosis, resulting in 100% cell death 
and no tumor growth at the vaccination site. By 
answering the items below raised by this referee, we 
hope that our reflections have become more 
convincing. 

Firstly, when we use anti-cancer drugs in patients, 
death induction is never 100% synchronized and 
complete but still can favor immunogenicity. Authors 
should discuss this point 

Our paper deals with understanding the effect of 
ferroptosis in a prophylactic vaccination model and 
trying to explain the absence of protective effect by 
further in vitro studies on dendritic cells. Patient 
treatment relying on partial cell death of tumor cells 
may indeed fuel immunogenic response. Tumors 
exposed to cytotoxic drugs can become senescent or 
undergo ‘cellular stress’, but can remain resistant to 
cell death and evoke cellular subroutines  
(e.g. production of cytokines) that can modulate 
immune system response. Whether ferroptosis 
inducers can cause senescence or cellular was not the 
scope of this study. Our initial attempts to study the 
impact of “early” (read partially killed cells i.e. still 
containing living cells) in the prophylactic vaccination 
model were met with failure, as it resulted in the 
growth of the tumor in vaccination site. According to 
the definition of immunogenic cell death based on 
prophylactic vaccination, tumor growth at the 
vaccination site should be absent to allow a 
conclusion on the immunogenicity of the cell death 
process (Galluzzi et al., 2020). In this adapted version 
we included these data in Extended data Figure 3b,c,  
and elaborated the findings in lines 103-107. 

Secondly, this would imply that the living cells of the 
MCA205 model would have a vaccination effect. This 
was described for some tumor lines and published 
under the concept of concomitant immunity. This 
concomitant immunity is inhibited by immune-
suppressive mechanisms such as regulatory T cells 
(Alan N. Houghton Group; J. Exp. Med. Volume 200, 
Number 6, 20 September 2004 771-782). However, 
this control (i.e. living MCA205 cells) is never 
included in experiments and has to be included in 
experiments. 

To address the issue of concomitant immunity, we 
performed a prophylactic vaccination experiment 
analyzing the importance of live, tumorigenic 
MCA205 cells in the immunogenicity induction. Our 
data clearly demonstrates that the tumor growth can 
induce the immunogenicity as reported before in the 
publication mentioned by the reviewer and reported 
by our group (Aaes et al., 2016). Addition of 
ferroptotic cells during vaccination did not prevent 
the immunogenicity by the growing tumor. 
Therefore, we conclude that the MCA205-derived 
tumor can provide concomitant immunity, that is not 



affected by the initial presence of ferroptotic cells, 
probably because the effect of ferroptotic cells is 
fading out with time. Please see Extended Data 
Figure 3b,c. 

Thirdly, as shown for mitoxantrone, about 50% of 
tumor cells are still alive (extended data, figure 1d) 
and yet the vaccine effect exists. Therefore, a 
question remains with mitoxantrone in authors’ 
setting: is apoptotic cells or living cells inducing this 
vaccine effect? 

Whether concomitant immunity contributes to the 
efficacy of Mitoxantrone-treated cells to provide 
immunological protection against challenge is 
possible, but unlikely. Concomitant immunity relies 
on continuous delivery of pro-immunogenic signals 
due to the tumor growth, an event that results only 
in minor cell death induction. Secondly, published 
data shows that the immunogenic efficacy of 
Mitoxantrone (and other anthracyclines) is 
diminished when cells are unable to expose 
calreticulin (Obeid et al., 2007) or to release HMGB1 
(Yamazaki et al., 2014) regardless of the remaining 
non-permeabilized cells. Both events are 
characteristic for ICD and are not observed in 
untreated cells suggesting that further events 
associated with tumor growth are responsible for the 
induction of concomitant immunity. Noteworthy that 
we are dealing with highly immunogenic tumor 
models expressing retroviral antigens (Aaes et al. 
2021). At the same time, our data show that the 
addition of ferroptotic cells to the vaccine, does not 
impact the concomitant immunogenicity of live cells 
as it does with the immunogenicity of MTX-induced 
cell death (Figure 6e). In this adapted version we 
included these data in Extended data Figure 3b,c and 
elaborated the findings in lines 103-107. 

Thus, it is crucial to have the vaccine effect of living 
MCA205 cells to observe (or not) the induction of 
concomitant immunity. If so, this would imply that 
DAMPS and other inflammatory cytokines released 
by dying cells have an adjuvant effect only in the 
presence of concomitant immunity (induced by living 
tumor cells), therefore only with immunogenic 
tumors. It would be interesting to show by diluting 
living cells with increasing doses of ferroptosis-
induced cell death that concomitant immunity is 
inhibited. The involvement of Treg in this mechanism 
should be also monitored. This may provide an 
explanation for the observation that ferroptosis is 
associated with poor prognosis in some patients 
(Zhu L, Cancer Cell Int (2021) 21(1):124; Zheng Y, J 
Cell Mol Med (2021) 25(6):3080–90; Jiang X, J Oncol 
(2021) 2021:6635526) even though ferroptosis could 
be correlated with immune infiltrate (Chen Ji. Front 
Oncol. 2021; 11: 700084). 

Even if live cells (understood as cells ‘destined’ to die 
but not permeabilized at the moment of vaccination) 
may contribute to the immunogenicity, our data 
anyway shows that the injection of the initial 
ferroptotic iGPX4KD cells fails to establish 
immunological protection against challenge, contrary 
to the MTX-treated cells (Figure 2g). In both 
conditions no tumor growth was observed on the 
vaccination site. This setup allows to determine poor 
immunogenicity of ferroptosis regardless of the 
potential pro-immunogenic component of live cells.  
With regard to the involvement of Tregs in the in vivo 
action of ferroptotic cells, we think that this is a very 
interesting proposal for further research. Therefore, 
we have included this interesting point in the 
discussion section. This gives an interesting context of 
our experimental findings. In this adapted version we 
added information in line 299-300 and 318. 

I have minor comments and questions:  
1. Incubation time with cell death inducers should 

be clearly indicated for each experiments.  
2. Rechallenge with only 30.000 MCA205 should be 

justified. What is the tumor uptake rate with 
this seemingly low cell count? 

1. The necessary information was added to the 
figure legends. 

2. The number of injected cells serving as a 
challenge in the prophylactic vaccination model 
complies with previously established protocols 
(Adjemian et al., 2020; Michaud et al., 2011; 



3. Figure 1b left panel, doxorubicin data are 
missing. Should be included.  

4. Figure 2e and fig 6a and 6b: immunogenic 
apoptosis; necroptosis. No information of ICD 
inducer (apoptosis and necroptosis) is indicated 
is the figure legend 

5. • Figure 4b: Does Cxcc5 stand for CXCR5? 

Michaud et al., 2014; Twitty et al., 2011), 
although we recognize that higher number of 
injected MCA205 also have been used. All the 
animals rechallenged with 30.000 cells 
“vaccinated” with PBS as negative control 
developed tumors. Tumorigenicity of the cell line 
has been established before and the range of the 
number of cells necessary to establish tumor 
growth after subcutaneous injection is lower 
(Korrer et al., 2014). 

3. The suggested experiments were performed, 
and the data was added to the Figure 1b. 

4. The information regarding the cell death 
induction details has been added to the figure 
legends (Fig. 2e is now Fig. 2g) 

5. This has been corrected. 

Referee 2 

Wiernicki and colleagues report that ferroptotic 
cancer therapy is not suitable for immunogenic cell 
death vaccination therapy as it negatively impacts 
the downstream immune response. It is a finding 
that depicts the unresolved immunogenic potential 
of ferroptotic cell death for prophylactic cancer cell 
vaccination. The paper is overall elegantly written 
and presented. Authors eloquently analyze the 
different stages of ferroptosis throughout the 
manuscript to identify the characteristics that are 
required for immunogenic cell death. The data is 
thorough as it not only compares pharmacological 
inhibition of Gpx4 by ML160 and RSL3 but also takes 
a genetic approach by inducible knockout of Gpx4. 
These systems together along with usage of inhibitor 
of SLC7A11, transporter for cysteine and ultimately 
glutathione building block strengthens the value of 
this study. There are some questions that do remain, 
however, and additional controls are also required. 
How ferroptosis induces immunogenic cell death 
profile (i.e. Release of DAMPs, cytokines, 
chemokines) yet experiences dampening of the 
adaptive immune response that is necessary for 
immunological protection is not well defined and 
insight here would be greatly appreciated. Provided 
the authors can address some of the questions 
below, this paper would be of great interest to the 
readership at Nature Communications. 

We thank this referee for the appreciation of our 
work and the suggestions for further improvements 
and insights. Below we have tackled most of the 
items raised by this referee. However, we have made 
attempts for deeper in vivo analysis of the immune 
response, but we realized that further elaboration to 
come to conclusions based on decent data should be 
the subject of an additional extensive study. We hope 
that this referee will understand this decision. But 
having said this, we were able to address most of the 
questions raised by this referee. 

1. In figure 3b, authors illustrate expression of DC 
activation markers upon presentation with cancer 
cells at different ferroptotic stages, and show that 
exposure to cells at intermediate/terminal stages 
facilitate the upregulation of CD86, CD40 and MHC-II 
but not initial stage of ferroptosis. Although it is 
unclear whether the magnitudes of expression 
marker upregulation in intermediate/terminal stages 
are to the extent of apoptosis or necroptosis cancer 
cells, it is nonetheless coherent from the subsequent 

In the adapted version of the manuscript, we have 
documented the presence lipid droplets and 
recognize herewith the possible role of lipid 
accumulation in the dendritic cells and its negative 
impact on the functionality of antigen presenting 
cells, as it has been described before (Cao et al., 2014; 
Veglia et al., 2017). To address the potential 
accumulation of lipid droplets in the dendritic cells 
because of the phagocytosis of ferroptotic cells, we 
performed additional experiments relying on the 



data that DC maturation in terms of production of 
cytokine and T cell cross-presentation is impaired. 
Yet the question still remains: why is immune 
response dampened with ferroptotic cancer cells? 
Authors discuss the potential role of PGE2 and oxPL, 
and indeed, lipid-laden DCs are known to result in 
loss of function. Are the authors able to observe lipid 
droplets in these DCs? Could they measure lipid 
species in ferroptotic cancer cell-loaded DCs? It 
would be of interest to identify the differences that 
define characteristics of initial vs 
intermediate/terminal. 

BODIPY 493/503 nm probe, whose fluorescence 
reflects the level of lipid droplets accumulation. Our 
data demonstrate that co-culture with ferroptotic 
cells increases the level of lipid droplets in the 
dendritic cells. This increase was the strongest when 
dendritic cells were exposed to the initial stages of 
ferroptosis compared to the intermediate or terminal 
stage. The microscopy experiments further 
confirmed the high presence of lipid droplets in the 
dendritic cells. Moreover, accumulation of lipid 
droplets was higher when cells BMDC were incubated 
with ferroptotic compared to apoptotic or untreated 
cells. This resulted in additional Figures 3h,i, 
Extended data Figure 5c and additional explanation 
in Results (lines 172-182) and Discussion (lines 312-
314). 

2. It is intriguing that ferroptosis does not induce 
externalization of phosphatidylserine to the outer 
plasma membrane. What is the defining factor of 
phosphatidylserine-independent phagocytosis that is 
unique to terminal ferroptosis cancer cells and not 
the other stages? 

Reflecting on that comment, we noticed that our 
statement in the manuscript was not precise enough. 
Indeed, we did not observe the PS exposure on the 
surface of ferroptotic cells, but that conclusion is valid 
only valid for cells that are not permeabilized. In the 
ruptured cells (“terminal ferroptotic cells”), it is 
impossible to determine whether the observed 
Annexin V signal increase reflects the intracellular or 
extracellular binding presence of Annexin-V-FITC to 
phosphatidylserine. For that reason, it cannot be 
excluded that ferroptotic cells in their terminal stage 
are engulfed in PS-dependent manner. To test that 
hypothesis, we performed the experiment where we 
pretreated the ferroptotic cells with Annexin V to 
block PS-dependent interaction during the incubation 
with dendritic cells. Our data showed that this 
treatment did not resolve in the changes in the 
uptake of the ferroptotic cells (unlike apoptotic cells), 
excluding the need for PS exposure in phagocytosis 
and suggesting other molecules to be involved, as has 
been described before for efferocytosis of apoptotic 
cells (Ucker et al., 2012). These data are mentioned in 
Figure 3f, Extended Data Figure 6d and lines 171-172. 
Related with this question on phagocytosis, we also 
included the possible role of calreticulin as a possible 
signal for recognition and phagocytosis. Data 
collected during the revision showed that calreticulin, 
an ‘eat me’ signal, is exposed during terminal stage of 
ferroptosis and therefore may be responsible for the 
uptake of terminally ferroptotic cells. To test that 
hypothesis, we pretreated ferroptotic targets with 
calreticulin antibody (or isotype control) and 
performed phagocytosis assay. We did not observe 
any changes in the uptake of ferroptotic cells, which 
suggests that ferroptotic cells are engulfed by other 
mechanism. These data are mentioned in Figure 3g 
and lines 171-172, and 291-293. 
Our observation that only terminally ferroptotic cells 
were phagocytosed was confirmed when we used 
macrophages, phagocytes that can engulf ferroptotic 



cells via interaction with oxidized phospholipids (Luo 
et al., 2021). These data are mentioned in the 
Extended Data Figure 6c. Overall, our data show that 
ferroptotic cells are engulfed via mechanisms that do 
not solely depend on PS or CRT and may include 
additional redundant mechanisms that remain to be 
identified. 

3. In Figure 5, authors show hampered proliferation 
of CD8 T cells upon both pharmacological inhibition 
and genetic knockdown of Gpx4. As ferroptotic 
cancer cells do not successfully regress tumor 
growth, one can speculate that the effector response 
is also dampened entirely. However, could the 
authors also measure other forms of effector 
readouts such as IFNg production, anti-tumor 
memory, CD4-help to assure that ferroptotic cancer 
cells are incapable of mounting anti-tumor 
response? 

We acknowledge that providing additional 
information about in vivo the generation and the role 
of CD4 T cells following the interaction between 
dendritic cells and ferroptotic cells would be of great 
interest. Our attempts to perform experiments 
however did not produce results that would have 
high enough quality to be included in the manuscript. 
We would also like to put the emphasis on the fact 
that in our research we focused on the observed 
phenomenon of decreased antigenicity of ferroptosis 
which was confirmed by prophylactic vaccination 
with BM1-OVA and subsequent challenge with B16 
melanoma cells expressing ovalbumin (Figure 6a) and 
therapeutic vaccination model relying on 
conventional dendritic cells engulfing ovalbumin-
expressing ferroptotic and necroptotic cells (Figure 
6c). 

4. For the in vivo portion of this study, the authors 
provide % of tumor-free mice. Could the authors 
provide data on the tumor growth? Would the 
tumor growth in ferroptosis vaccinated condition still 
be similar to that of PBS control? 

The graphs presenting the tumor size growth have 
been added to all the presented prophylactic 
vaccination model experiments. These data are 
mentioned in Figure 2h, Extended Data Figure 1e, 
Extended Data Figure 7c.   

5. To induce necroptosis, the authors use the 
combination of TNF, TAK1i and zVAD-fmk. Indeed, 
TAK1 can regulate cell viability via RIPK1 pathway, 
but it can also regulate NK-kB activation. Could the 
authors please discuss the usage of TAK1 as a 
necroptosis inducer and the effect it may have on 
NF-kB signaling as well as downstream effector 
response in accordance to the paper by DOI: 
10.1126/science.aad0395? 

The work mentioned by the reviewer supports the 
notion that NF-κB is required for mounting successful 
protection against challenge (Yatim et al., 2015) while 
and TAK1i can inhibit NF-κB activation (Bosman et al., 
2014). The role of NF-κB in contributing to the 
immunogenicity of cell death has been controversial 
as other researchers showed that it is not absolutely 
required for the ICD induction (Aaes et al., 2016; Ren 
et al., 2017). We checked the NF-κB activation during 
ferroptosis. Our results clearly demonstrated that NF-
κB is not activated during ferroptosis. These data are 
mentioned in Extended Data Figure 4d and lines 119-
121.  

6. Extended Figure 1a/c: Why is there a difference in 
cell death/lipid peroxidation in ML162 vs RSL3? DFO 
does not restore cell survival and addition of Fer-1 
does not abrogate lipid peroxidation. Do these 
results link to the non-specific nature of ML162 that 
is mentioned in Extended Fig 5b? Would the results 
be more conclusive with ML210? 

We do not know why in this instance we did not 
observe full rescue of cell survival after 
administration of iron chelator, but we cannot 
exclude the possibility that additional off-target 
activities of the drug may play a role.  In order to 
establish the effectiveness of Fer1 in blocking lipid 
ROS accumulation, we performed additional 
experiments and used statistical analysis. Our data 
shows, that in all three ferroptosis inducers, Fer1 
successfully blocks lipid peroxidation.  These data are 
mentioned in Extended Data Figure 1c. 

Minor comments:   



1. Figure legends do not indicate how many times 
the experiments were repeated.  
2. The legend in Fig 3 includes explanation of the 
results. Please adjust accordingly to explain what 
had been performed in each subfigure instead.  
3. For Figure 2b, please include expression patterns 
of necroptosis/apoptosis as a comparison to 
ferroptosis-induced DC maturation markers. 
4. Figure 2e is missing a negative control (ie PBS). 
5. The authors challenge previous findings by 
Efimova et al. yet use ML162 instead of RSL3 to 
justify their case (extended figure 3). Would the 
trajectory of death in prophylactic vaccination model 
using RSL3 still be similar to that of ML162 (this 
question arises due to the unspecificity of ML162)? 

1. We have included this information in the legends. 
2. The legend in Figure 3 was adapted accordingly. 
3. The comparison between different modes of cell 

death influencing the maturation of the dendritic 
cells is certainly research avenue worth exploring 
further. In our work however, we focused on 
establishing the role of ferroptotic cells, at 
different stages of cell death, in inducing the 
maturation of the dendritic cells. We determined 
that ferroptotic cells are able to induce maturation 
in terms of the exposure of co-stimulatory 
molecules and this fact cannot explain lack of 
immunogenicity after vaccination with ferroptotic 
cells. Our efforts focused on exploring the 
observed effect beyond the maturation of the 
antigen presenting cells and confirming inferiority 
of ferroptosis in relevant in vivo models. 

4. The data coming from the negative control animals 
was pooled from all experiments and is presented 
in the Figure 1a. Now, data has been divided 
according to the experiment resulting in the 
change in Figure 1a and 2g. 

5. We performed prophylactic vaccination 
experiment using RSL-3 as an inducer of 
ferroptosis. Our results show that RSL-3 – killed 
cells are not successful in mounting immunogenic 
response, similarly to ML162-induced cell death. 
These data are presented in Extended data Fig. 3b. 
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REVIEWERS' COMMENTS 
 
Reviewer #1 (Remarks to the Author): 
 
All the questions raised in the first review were answered with additional experiments, the results 
of which are convincing and demonstrate that ferroptosis is not immunogenic. Furthermore, the 
discussion of these points is clear and completes this work, which seems important because most 
of the markers currently monitored such as CRT, HMGB1... in patients may be present without 
being associated with ICD. This point should be highlighted in order to sensitize the medical 
community who determine the immunogenicity of an anti-cancer agent by such biomarkers. In the 
era of immunotherapy where chemotherapy/anti-PD-1 combinations are being tested, the addition 
of markers specific for ferroptosis, if any, and not only classical ICD markers as initially described 
by Kroemer's team, could be essential to avoid clinically ineffective combination therapies. 
 
 
Reviewer #2 (Remarks to the Author): 
 
The authors were able to answer the concerns that were previously raised. This study was very 
elegantly performed in any case and the revised version is very suited for publication. 
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