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REVIEWER COMMENTS 

 

Reviewer #2 (Remarks to the Author): 

 

In this manuscript, the authors present interesting findings about how a single point mutation in the 

DNA binding domain of the Interferon Regulatory Transcription Factor (IRF4) found in hematopoietic 

cancers leads to a switch between gene regulation programs by changing the DNA-binding specificity of 

the wild type IRF4. The mutation identified in human lymphomas is a substitution of a CYS for an ARG in 

the core of the DNA binding interface of IRF4 (position 99). Remarkably, this mutation diminishes the 

binding of IRF4 to its canonical binding motifs and enhances IRF4 binding to canonical and non-canonical 

composite motifs together with AP-1 (Activator Protein 1) complexes. The result of this binding mode 

switch is the inhibition of IRF4-dependent plasma cell induction and the activation of disease specific 

genes. 

 

As my expertise is mainly in the structural biology of protein-DNA recognition, my comments below will 

be focused on a general assessment of the manuscript and a detailed assessment of the presented 

structural basis for the switch in IRF4-DNA binding properties. Therefore, my comments will not address 

the detailed technical aspects of the many experimental approaches used in this study. 

 

Overall the findings presented are striking as they reveal a substantial switch in DNA recognition 

patterns upon a single point mutation in the DNA binding domain of a transcription factor. This is 

surprizing because given the location of position 99 in the middle of the DNA recognition helix that 

docks into the major groove of the DNA, next to a positively charged R98, one would expect that the 

C99R mutation has a general detrimental effect on DNA binding. However, the authors present 

conclusive evidence that this is not the case. Although the mutation does impair the homodimer binding 

of IRF4 to its canonical binding motif, it does not impair the cooperativity of IRF4 with AP-1 complexes 

on one type of composite motif (AICE2) and the mutant is functional. The authors also identified one 

motif (AICE2FLIP) that is specifically recognized by the mutant IRF4-C99R. Finally, they showed that a 

specific T nucleotide 4 bases upstream of the sequence specific binding site which is required for the 

cooperative binding of the wild type IRF4 with AP-1 complexes to the AICE2 motif is not required in the 

case of the mutant. The authors show evidence that the different DNA binding properties of the mutant 

are reflected in the genomic binding as DNA motifs specifically recognized by the mutant become 

predominant bound in the cell lines where the mutant is expressed. These DNA binding properties 

translate into an altered cellular function of the mutant both in primary B cells and in cancer cells. In 

primary cells, it inhibits the plasma cell differentiation whereas in lymphoma cells it upregulates 

hallmark genes of the disease. 

 

In general, the manuscript is well written and presents a complete overview of the effect of the C99R 

mutation, from DNA binding profiles to the implications for the B cell development and malignancies. It 
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starts with presenting the evidence for the presence of the mutation in lymphomas. Then, it presents 

the data showing the switch in DNA binding properties upon mutation followed by the data showing the 

different gene expression profiles upon inducing the WT and mutant IRF4 and the genomic binding 

profiles of the IRF4 variants in different cell types. The manuscript ends with the data presenting 

evidence for the blocking of plasma cell differentiation and the up regulation of disease specific genes by 

the mutant IRF4. 

 

My major concerns regarding the manuscript are: 

 

1. The authors only test one AP-1 heterodimer (BATF-JUN) to show the switch in the DNA binding profile 

of the mutant. Given that BATF factors lack one structural part comparing to other factors (e.g. FOS), 

(Murphy et al., Nature Rev. Immunology 2013), the findings would be stronger if they are reproducible 

with a different AP-1 heterodimer. 

 

2. The lower affinity of IRF4 for the canonical motifs is attributed to an interaction between an auto-

inhibitory region from the second IRF4 domain (IAD) and the DBD (Sundararj and Casarotto, Biophys. 

Rev., 2021). In this manuscript, the authors attribute the change in DNA binding specificities between 

the wild type and mutant strictly to the DNA binding properties of the monomeric IRF4 DNA binding 

domain. The monomeric binding is rather irrelevant. Even on the canonical motifs, IRF4 forms 

homodimers inducing some changes in the DNA structure (PDBID 7JM4). The authors used neither 

experimental, nor structural modeling approaches to clarify how C99R affect or is affected by this auto-

inhibitory mechanism. Moreover, since the binding of IRF-C99R together with AP-1 heterodimers occurs 

only on the AICE2 motif which has the individual binding sites juxtaposed, it remains unclear to what 

extent a direct interaction between AP-1 and IRF4 is responsible for the effects observed. 

 

3. While the experiments appear very thoroughly performed and presented, the structural modeling 

data used to infer a structural mechanism for the switch in DNA binding preferences of IRF4-C99R is less 

solid and quite carelessly presented. In Figure 1 g,h,i it is not clear how these complexes were obtained 

and how the authors validate these models. In particular the DNA conformations illustrated especially in 

h and i appear unreasonably distorted. The authors do not specify if they performed flexible docking and 

if yes, what protocol they used. Due to the low quality of the illustrations it is not possible to read which 

bases are making interactions with the DBD in the three cases. The labels on the DNA are very small and 

there is no indication about the correspondence with the sequences presented below the structures. 

Same rather low quality illustrations are in expanded data figure 4. For example, it is completely unclear 

what is superimposed in panel a. Are these docking poses of the WT and C99R or is the structure of the 

WT and a docking pose of the C99R ? The methods part for the structural modeling is also very carelessly 

written. Because of this it remains unclear what the authors have actually done. For example what does 

the ph

DNA sequence models were generated using ISRE-DNA (PDB 7JM4) template based free annealing and 



performed in the presence of all hydrogen atoms and water molecules (at least 5 Å around the DNA) 

using the Mastero 

come from ? How do they influence the docking results ?. First the authors state they performed the 

) but the reference 

57 points to a molecular dynamics algorithm implemented in the NAMD program. Does Maestro provide 

an interface to Haddock ? Or did they use different docking protocols ? Did the authors perform any MD 

simulations ? All these questions remain unanswered. Therefore, it is very unclear what software and 

they perform clustering of the docking results ? If yes, what kind of clustering and why analyzing all 

individual models in each cluster and not the cluster representatives ? Given these issue, I consider that 

in the form they are presented, the structural modeling results are not reliable and cannot be used to 

infer any mechanistic insights. 

 

 

Reviewer #3 (Remarks to the Author): 

 

In the present manuscript Schleussner et al. describe the novel recurrent somatic mutation c.297T>C 

(C99R) in IRF4 gene, located at DNA-binding domain, that is found in primary mediastinal B cell 

lymphomas and classical Hodgkin lymphomas. They use this novel mutation to understand further how 

TF-mutations impact on their DNA binding - specially to composite elements (CE) - and influence their 

interaction with other TFs. Through a comprehensive study they characterized that C99R mutation alters 

IRF4 DNA-binding capacity in HL cell lines, changing its preference to bind to non-canonical composite 

elements. They show that IRF4-C99R preferentially binds to AP1-IRF-CE dependent sites and that it 

severely blocks IRF4-dependent plasma cell induction through the dysregulation of few important 

plasma-cell genes. The manuscript is well conducted and convincing, and I only have minor comments. 

1. The introduction and the discussion are quite short and adding more information to put it in a 

boarder context will be highly recommended. This may include a brief explanation about composite 

elements importance in TFs binding/regulation, as well as the importance of IRF4 in both plasma-cell 

differentiation and lymphomas. The discussion may also expand a little bit more on the different results. 

Importantly, it will be recommended to elaborate a bit further on the inhibitors mentioned at the very 

end. 

 

se-

data presented here only suggest it is associated to disease: there is no real probe of causality on their 

-  

 



3. The authors show that IRF4-C99R mutation is able to rescue HRS cells as efficiently as IRF4-WT from 

cell death induced by shRNA mediated knock-down of endogenous IRF4. Did they found any differences 

that support its role in the plasma-cell differentiation blockage? 

 

4. It is not well explained why the IRF4-R98A C99A mutation is non-functional. Please explain this 

further. 

 

5. It is very intriguing the strong blockage of plasma cell differentiation found upon IRF4-C99R 

overexpression, that is even higher than the one induced by the double mutation R98A C99A. Please 

comment further on this finding. 

 

 

Reviewer #4 (Remarks to the Author): 

 

In this manuscript, Schleussner and colleges focused on IRF4 C99R mutation which targets the DNA-

binding domain. They showed that IRF4 C99R modulates its DNA-binding capacity, with loss-of-binding 

to canonical IRF motifs and neomorphic gain-of-binding to canonical and non-canonical IRF composite 

elements using DNase-seq, ChIP-seq, gene expression profiling, and EMSA. In addition, the authors 

revealed that IRF4 C99R overexpression blocks plasma cell induction, compared with IRF4 WT. Although 

the authors clearly demonstrated the functional impact of IRF4 C99R mutation, a recent elegant paper 

has already demonstrated similar results investigating an IRF4 mutant (T95R) affecting the DNA-binding 

domain with human samples, knock-in mice, and molecular experiments (PMID: 36662884). In addition, 

IRF4 mutations, including C99R mutation, have been reported in various subtypes of mature B-cell 

neoplasms (PMID: 29641966). Therefore, the paper seems lacking novelty. 

 

Major comments 

(1) The functional impact of IRF4 mutations affecting the DNA-binding domain has already been 

reported (PMID: 36662884). This paper reported a similar IRF4 mutations (T95R) identified in patients 

with autosomal dominant combined immunodeficiency. They beautifully showed similar results using 

human samples, knock-in mice, and molecular experiments. Therefore, the authors should reconsider 

the novelty of the paper. 

 

(2) IRF4 mutations have been reported in various subtypes of mature B-cell neoplasms. For example, 

approximately 9% of cases have IRF4 mutations, including C99R mutation, in diffuse large B-cell 

lymphoma (DLBCL) (PMID: 29641966). Therefore, the authors should appropriately cite these papers. 

 



(3) A number of genes, including IRF4, have been shown to be recurrent targets of aberrant somatic 

hypermutations (PMID: 23131835). Thus, the hotspot formation at C99R does not necessarily suggest its 

gain-of-function nature. Indeed, IRF4 mutations observed in DLBCL include loss-of-function mutations, 

such as nonsense and frameshift mutations, suggesting loss-of-function of IRF4 mutations. Therefore, 

although the authors clearly showed that IRF4 C99R mutations partly act in a gain-of-function manner, 

the more important functional consequence of IRF4 mutations seem to be loss-of-function from the 

genetic perspective. 

 

(4) To show the differences between IRF4 WT and IRF4 C99R, the authors compared L428 cells harboring 

IRF4 C99R and KM-H2 harboring IRF4 WT in many experiments. The results may reflect the differences 

between IRF4 WT and IRF4 C99R, but may be affected by other biological differences between two cell 

lines. Therefore, it would be better to perform the same experiments comparing IRF4 WT- and IRF4 

C99R-transduced cell lines or ideally CRISPR-edited isogenic cell lines. 

 

(5) The authors argued that IRF4 C99R alters gene expression associated with plasmacytic differentiation 

and Hodgkin lymphoma. However, it looks like no statistical analysis was performed to show these 

associations (Fig 3f, 4a, and 4e). In addition, it is unclear how many and which cell lines were compared. 

 

(6) Besides the above, the number of replicates and statistical methods used are not clear in several 

figures (for example Fig 3a, Fig 4b, Extended Data Fig 3, and Extended Data Fig 5). 
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           

             





             
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              

            













             



 

            











              

     







            











            

   

         



           

          



           

          

       

          

      





              

  



     





 

           









 

             







            

          



   





  









             







               

          

           



 

            

  

          

           

        

 

            



             

              

   

            



           



             

  

            







           



               





      

             

      

           















           

         





            











              





          





           







               











            





              







   











              

        








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          

               





 

             

   





          

   

      





    







     

           









           

           







    

  



    



             















 





           



    



              







            

             







            

            

            





















            



           























     



             





             

          









             



        



     



             









        









              

            













   

        









            





              

         





      





           

          



              









    







  



  







         

 







    











             

  





              



             







              

            







    

 


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             







             

           





  

           

        



    

           


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



             



          

            





             

             



         

             

   



               

          

             

         





 

   

            





      



            



          





            

      





             











  

              

         



   





       



  
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REVIEWER COMMENTS 

 

Reviewer #2 (Remarks to the Author): 

 

The authors nicely addressed my first two major points, performing new experiments which further 

confirm the proposed mechanism. The authors also included more explanation about the procedure 

they used for the structural modeling. However, I am afraid this still lacks clarity and it is still not 

possible to decide whether their modeling and docking results are reliable to conclude about the 

differences in DNA-binding preferences for the wild type IRF4 and the C99R mutant. This despite the 

very nice agreement between the modeling efforts and the experimental data. The structural modeling 

procedure is an elegant way to explain the experimental observations but it needs to be clear and free 

of any potential artifacts. 

 

In particular: 

 

1. The DNA structures in the Figures 1g,h and Extended Data Figure 4 still look unreasonably distorted 

and not only at the ends but also in the central region of the DNA. For example around bases 13-15 

some of the base pairing looks compromised in most panels (even in those showing competent 

I can only 

comment on the figures provided. 

 

2. The authors mention they used HNADOCK to generate the structures of the DNA elements. However, 

they do not explain how they did that. When looking at HNADOCK 

(http://huanglab.phys.hust.edu.cn/hnadock/), I do not see an option to generate double stranded DNA 

structures. The procedure needs to be explained in detail so that it can be reproduced. It might be that 

this procedure leads to distortions in the DNA structure. With these distortions, I am not convinced the 

docking results are reliable even though the results seem to fit very well with the experimental data. Are 

the authors able to reproduce their own crystal structure if they generate the ISRE DNA with the same 

protocol ? 

 

3. In their modified text, the 

using standard HADDOCK 2.2 with flexible docking parameters and without any additional restrains. The 

HADDOCK programme differs from ab-initio docking methods by utilising information from known or 

 

This is a very unclear statement. First, the authors write they did not use any restraints, then they 

specify that HADDOCK is a docking software that uses ambiguous interaction restraints. Does this mean 



that the authors did not use any of these ambiguous restraints in HADDOCK ? If this is the case, can the 

authors reproduce their previous crystal structure with a such a protocol devoid of any restraints ? 

Moreover, th

different stages of flexible docking. It is not explained which stages the authors used. Was flexible 

refinement done with MD simulations or only with energy minimization ? How many models were 

entire protein, entire complex, which atoms were used for the fit ?) ? All these are questions that are 

still not answered. 

 

4. It remains unclear what is superposed in Expanded Data Figure 4a (not written in the legend). Are 

these docked complexes of the WT and C99R mutant on the ISRE DNA ? Or is the crystal structure in the 

case of the WT ? The Extended Data Table 4 does not contain data for the docking of the WT to IRSE 

which suggests the authors did not perform this experiment. However the orange DNA looks more 

distorted than the crystal structure. 

 

Perhaps the authors could consider providing all relevant structural models and the input files and 

parameters for the programs they used. Including also the initial DNA structures used for the docking. 

 

 

Reviewer #3 (Remarks to the Author): 

 

The authors have addressed all my initial concerns and I have no further criticisms. 

 

 

Reviewer #4 (Remarks to the Author): 

 

The authors have substantially revised and improved the manuscript based on comments from the 

reviewers. 
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

            





           







          

           

 

            

  





              

           

















              















            















              

           

         



           

            





         











             

        



     

 



               



















      



  

        





         

             

            





     

      















      









               



 
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REVIEWER COMMENTS 

 

Reviewer #2 (Remarks to the Author): 

 

I appreciate the effort the authors spent to try to clarify the structural modeling and docking 

experiments. Some aspects (especially regarding the procedure) were clarified and I also appreciate that 

the PDB files were provided. However, major issues with the data remain and because of these I am not 

able to recommend the inclusion of these data in current form in the paper (neither in the main text, 

nor in supplementary materials). In fact, after inspecting the PDBs provided I consider that the entire 

structural modeling and docking procedure need to be redone if the authors wish to have it in the 

paper. I still consider a structural based docking analysis an elegant way to look at the different binding 

specificity of the C99R mutant. 

 

The most important issue is that the structure of the model IRF-C99R-AICE2 (PDB file provided "Fig1I 

AICE2_C99R.pdb") shows unreasonably distortions in the DNA structure. According to the data 

presented this should be a competent complex, therefore the structure of the DNA should not present 

any major distortions except of those expected for such a protein-DNA complex (e.g. some bending, 

some changes in major and minor groove widths). The PDB provided shows the following major 

distortions: (i) bases C30, T29, G9 are not base paired; G9 from one strand is in between C30 and T29 

from the other strand but the H bond donor-acceptor distances are too long for base pairing (ii) basepair 

A10-T28 does not have an optimal geometry (WC hydrogen bonds not present), (iii) there is a very 

unusual position of A10 and A26 which lie as if they are forming a base pair; (iv) A26 does not have a 

planar geometry of the base; (v) R99 is too close to DNA bases (some distances lower than 2A), (v) the 

DNA is massively distorted at both ends (beyond acceptable end effects that may occur). All these are 

unreasonable distortions for a competent protein-DNA complex. 

 

I do understand that distortions in the structures containing non-competent complexes may occur due 

to binding incompatibility. However, given the unreasonable distortions in the structure of a competent 

complex (see point above), I consider that all distortions are probably artifacts of the procedure used, 

 

It is now clear that in Figure 1g there were no docking experiments performed but only a simple 

substitution of C99 with R in the crystal structure. While this is clear in the response to my comments, it 

-C99R 

 

 

backbone representation. I understand that this may be an artifact of the rendering representation. 

However, I should also add that when I try to re-create the same pictures from the crystal structure in a 



visualization program (VMD, Pymol, Chimera), using a (very) thin ribbons or trace representation I do 

not observe the level of visual distortion apparent in the presented figure 1g. For example a thin 

-Spline interpolation in VMD creates a beautiful smooth thin line 

through the backbone using the crystal structure. This is certainly not essential for the manuscript, but it 

does improve the aesthetics of the figures. 
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           



                 

            



           





             

         





















              

     



             

 





           

           







               



             



             




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