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CMTM6 suppresses cell-surface expression of death receptor FAS in mice but not in humans 

Semberova et al. 

Responses to Reviewers 

Referee #1: 

CMTM6 and CMTM4, members of a four transmembrane domain containing protein family, are known 

to regulate the plasma membrane expression of several proteins, including PD-L1, IL17 receptor C, 

and EGFR. In this manuscript, the authors report the cell death receptor FAS as a novel interactor of 

CMTM6 in mouse cells, but interestingly, this interaction is lost in human cells. This finding reveals 

species-specific features of CMTM6 that has implications on preclinical models evaluating the 

therapeutic potential of CMTM6. This study is well executed at the biochemical level, but functional 

aspects can be enhanced. 

We thank the Reviewer for assessing our work positively and for providing valuable suggestions on 

how to improve the manuscript further. 

Major: 

1. One major finding of the current study is that CMTM6 downregulates FAS surface expression,

rendering tumor cells more resistant to FASL-induced apoptosis. This finding contrasts the reported 

roles of CMTM6 on stabilizing PD-L1 expression, through promoting its recycling to the plasma 

membrane (PMID: 28813417). Can the authors please explore the molecular mechanisms how CMTM6 

regulates FAS expression/localization? For example, imaging the subcellular localization of CMTM6 

and/or FAS, together with the markers for endosomes and lysosomes would provide valuable insight, as 

done previously for PD-L1 (PMID: 28813417). 

The question about how CMTM6 suppresses FAS membrane expression was also raised by Reviewer 

#2 in question 1. Based on the suggestions from both Reviewers, we performed two types of experiments 

to address this issue.  

First, we analyzed whether CMTM6 promotes FAS internalization. Cells were labeled on ice with 

anti-FAS antibody and subsequently incubated at 37°C for several hours. The remaining surface FAS 

was subsequently detected using a fluorescently labeled secondary antibody. Cmtm6-/- MEFs had a 

substantially decreased rate of FAS internalization compared to WT cells (newly added Fig. 5G). We 

confirmed these data by showing that Cmtm6-/- MEFs reconstituted with CMTM6 had enhanced FAS 
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internalization compared to cells transduced with EV (newly added Fig. EV5B). These data showed that 

CMTM6 promotes FAS internalization, which is in accord with increased surface FAS expression in 

CMTM6-deficient cells compared to control cells. 

Subsequently, we performed an analysis of the subcellular localization of FAS and CMTM6. We 

expressed CMTM6-mCherry and FAS-EGFP in Cmtm6-/- cells and showed the colocalization of both 

proteins in recycling endosomes, detected by staining with transferrin receptor (newly added Fig. 5H). 

Altogether, these data demonstrated that CMTM6 enhances FAS internalization and therefore 

suppresses its surface expression. 

2. This study heavily relies on co-IP experiments, with little functional data, even in the in vitro setting.

Specifically, there is a lack of functional data in human cells. Can the authors please examine FASL-

induced cell death differ in Hela cells with/without CMTM6 expression? 

Human FAS does not interact with CMTM6 (Fig. 6A-C), and its surface expression is unchanged 

in HeLa WT versus HeLa CMTM6KO (Fig. 7A). In accord, HeLa WT and CMTM6KO cells do not differ 

in their sensitivity towards FASL-induced cell death (newly added Fig. EV5F). These data further 

strengthen our conclusion that CMTM6 suppresses FAS expression and FASL-induced cell death in 

mouse cells, but not in human cells. 

3. The manuscript would benefit from analyzing the evolutionary divergence of the FAS:CMTM6

interaction. A FAS sequence alignment across species could reveal when this interaction emerged. 

Given that CD58 is absent in mice, did FAS evolution track with CD58 appearance? 

To establish when the interaction between FAS and CMTM6 evolved, we first needed to find a 

reliable predictor of this interaction. 

In our mapping of the interaction between mouse FAS and CMTM6, we showed the critical role of 

arginine localized just above the transmembrane domain of mouse FAS. Mutation of this residue to 

asparagine completely abolished the interaction of mouse FAS with CMTM6 (Fig. 6H). Interestingly, 

the comparison of the transmembrane and juxtamembrane regions of mouse FAS with mouse PD-L1, 

human PD-L1, or human CD58 proteins showed that there is very little overlap in amino acid sequence 

between these strong CMTM6 interactors. There was, however, one notable exception: very strong 

conservation of arginine above the plasma membrane (newly added Fig. 7B). To verify that this residue 

is universally required for CMTM6 interaction, we performed a detailed mutagenesis screen of amino 

acids at the boundary of the extracellular and transmembrane domains of PD-L1. This experiment 

showed that mutation R238A nearly abolished the interaction with CMTM6 (newly added Fig. 7C). 

Therefore, the emergence of arginine positioned above the plasma membrane seems as a critical 

requirement for CMTM6 interaction. 

The analysis of the FAS transmembrane domain from various mammalian species showed that 

arginine above the transmembrane domain is very rare, as it is lacking even in rats. Interestingly, this 
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residue is not present in the Asian lineage mouse M. caroli, but appears in the Palearctic mouse group, 

which includes M. spretus, M. musculus, and M. spicilegus (newly added Fig 7D). These mouse species 

diverged approximately 3-6 million years ago, indicating that the evolution of FAS and CMTM6 

interaction is a relatively recent evolutionary event. 

4. Figure 2E and F, I see actin signals in the IP samples? Does it mean that FAS binds to actin? If so

how does this alter the interpretation of the data? 

We apologize for the confusing actin staining in immunoprecipitation (IP) samples. We employed 

actin staining as a standard loading control for lysates in our immunoblotting experiments. However, 

actin is notoriously sticky and binds directly to immunoprecipitation beads. This is well documented in 

the ‘Crapome database’, where it was shown using mass spectrometry that actin is a widespread 

contamination in immunoprecipitation experiments (Mellacheruvu et al., 2014, Nat Methods, PMID: 

23921808).  

In accord, we detected actin in immunoprecipitation samples when we used a control antibody, 

which was of the same intensity as when we used the anti-FAS antibody. This shows that detection of 

actin in IP samples is due to background staining, not due to specific binding to FAS. In contrast, 

CMTM6 was strongly isolated in samples subjected to immunoprecipitation with the anti-FAS antibody, 

while there was no signal using the control antibody. 

We removed actin staining from panels 2E and 2F, since these experiments contain only one lysate 

sample separated into two IP samples using control and FAS antibody. The actin staining, therefore, did 

not provide any additional information.  

Minor: 

1. Fig. 2A: What about other CMTM family proteins? Was CMTM6 the only member that was enriched

by FAS? 

We observed that mouse FAS is strongly associated with CMTM6 and very weakly with CMTM4 

(Fig. 1B-C). Mass spectrometry analysis of exogenously expressed mouse FAS-SF showed that 

CMTM6 is its strongest interactor in nonstimulated cells. We detected only a very weak signal from 

CMTM4, while no other CMTM family member was associated with mouse FAS-SF (Table EV2). 

Importantly, we could not detect an association of endogenous mouse FAS with CMTM4 in various cell 

lines and MEFs. 

To further show that endogenous mouse FAS binds strongly to CMTM6, but not CMTM4, we 

isolated bone marrow-derived macrophages from WT or Cmtm6-/- mice. We confirmed the interaction 

between mouse FAS and CMTM6 in WT cells (newly added Fig. 2H), and we showed that deficiency 

of CMTM6 promotes FAS membrane expression also in these primary cells (newly added Fig. EV5A). 

However, we did not detect interaction between FAS and CMTM4 in WT or Cmtm6-/- BMDMs (newly 
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added Fig. 2H). Combined, these data show that in the endogenous system, FAS binds strongly to 

CMTM6, but not other members of the CMTM family. 

2. Figure S4D presents important data that CMTM6 does not affect FAS expression in human cells. This

data deserves to be shown in a main figure. 

We moved this panel to the main figure (Fig. 7A). 

Referee #2: 

In this manuscript, Semberova et al. uncover an interesting species-specific difference in the interaction 

between mouse Cmtm6 and the death receptor Fas. Using quantitative proteomics and a series of well-

controlled validation experiments, the authors demonstrate that mouse Cmtm6 physically associates 

with Fas and suppresses its surface expression in stromal cells. Consistently, in Cmtm6 knockout mice, 

Fas levels are markedly elevated at the cell surface across the major T cell subsets. Functionally, the 

increased surface expression of Fas in Cmtm6-deficient mouse MEFs leads to enhanced sensitivity to 

FasL-mediated apoptosis. 

By contrast, the study finds that human FAS neither interacts with CMTM6 nor regulates its expression. 

Through elegant domain-swapping and mutagenesis experiments, the authors identify 3 amino acid 

differences in the extracellular/transmembrane junction that explain the loss of such interaction in 

human cells. This mechanistic insight is a notable strength of the study. 

Overall, the findings are novel and significant for the immunology communities. CMTM6 is well known 

for its role in stabilizing immune checkpoint proteins PD-L1 and CD58. However, the net immunological 

consequences of CMTM6 loss vary depending on the model system, in part due to species-specific 

differences, such as the absence of a CD58 homolog in mice. The discovery that Cmtm6 regulates Fas 

in mice but not in humans provides an important mechanistic insight for these divergent outcomes. It 

also underscores the need for caution when interpreting data from murine models, especially syngeneic 

tumor models, in translational contexts. 

A key limitation is that the in vivo impact of the Cmtm6-Fas interaction is inferred rather than directly 

demonstrated. The authors rely primarily on cell-based assays and previously published results to 

provide functional context. 

Overall, this manuscript is well-written, and the experimental work is carefully executed, with high-

quality data presented throughout. The study provides compelling new insight into CMTM6 biology and 

offers a valuable caution against assuming cross-species equivalence in immune regulation. I believe 

that, with some minor revisions, the manuscript will be further strengthened. 

We thank the Reviewer for their positive evaluation of our data and for the suggestions on how to 

improve the manuscript further. 
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Specific Comments 

1. One might have expected Cmtm6 to promote Fas surface expression as it does for PD-L1 and CD58,

but here it does the opposite, which makes the finding intriguing. The authors propose a plausible 

explanation that Cmtm6 may promote internalization of Fas, and its absence allows Fas to accumulate 

at the cell surface. The paper would be further strengthened by providing experimental support for this 

hypothesis. While not strictly required, the authors could, for example, assess colocalization of Fas and 

Cmtm6 in endosomal/lysosomal compartments, or directly measure Fas internalization rates in wild-

type vs Cmtm6-deficient cells. 

The question about how CMTM6 suppresses FAS membrane expression was also raised by Reviewer 

#1 in question 1. Based on the suggestions from both Reviewers, we performed two types of experiments 

to address this issue.  

First, we analyzed whether CMTM6 promotes FAS internalization. Cells were labeled on ice with 

anti-FAS antibody and subsequently incubated at 37°C for several hours. The remaining surface FAS 

was subsequently detected using a fluorescently labeled secondary antibody. Cmtm6-/- MEFs had a 

substantially decreased rate of FAS internalization compared to WT cells (newly added Fig. 5G). We 

confirmed these data by showing that Cmtm6-/- MEFs reconstituted with CMTM6 had enhanced FAS 

internalization compared to cells transduced with EV (newly added Fig. EV5B). These data showed that 

CMTM6 promotes FAS internalization, which is in accord with increased surface FAS expression in 

CMTM6-deficient cells compared to control cells. 

Subsequently, we performed an analysis of the subcellular localization of FAS and CMTM6. We 

expressed CMTM6-mCherry and FAS-EGFP in Cmtm6-/- cells and showed the colocalization of both 

proteins in recycling endosomes, detected by staining with transferrin receptor (newly added Fig. 5H). 

Altogether, these data demonstrated that CMTM6 enhances FAS internalization and therefore 

suppresses its surface expression. 

2. Surface Fas levels are elevated across all major T cell subsets in Cmtm6 knockout mice. This is an

important finding, as it may help reconcile discrepancies in the reported functional outcomes of Cmtm6 

deficiency across different models. Given that the necessary resources (e.g., Cmtm6 knockout mice) are 

available, it would be highly informative to investigate whether the increased Fas expression impacts T 

cell activation, survival, or function. For example, elevated Fas levels could render T cells more 

susceptible to activation-induced cell death, potentially impairing their functionality. Such functional 

assessments would provide valuable insight into the consequences of Cmtm6 loss in the immune 

compartment in mouse models. 

To address whether CMTM6 ablation impacts the T cell activation in vivo, we infected WT and 

Cmtm6-/- mice intravenously with Listeria monocytogenes expressing ovalbumin (OVA) antigen (newly 
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added Fig. 4A). After 10 days, we isolated the spleens and analyzed T cells via flow cytometry (Fig. 4B 

and gating strategy in Fig. EV4A). We noted a markedly decreased proportion of effector CD4+ T cells 

(Fig. 4C), while the emergence of effector and OVA-specific CD8+ T cells was not significantly 

impacted (Fig. 4D). In contrast to CD8+ cells, CD4+ effectors are highly sensitive to FAS-mediated 

activation-induced cell death (AICD). Therefore, the decreased proportion of effector CD4+ T cells upon 

infection in Cmtm6-/- mice compared to WT littermates is in accord with enhanced FAS expression and 

presumably increased AICD of these cells.  

Importantly, we noticed that, similarly to naïve cells, effector T cells isolated from Cmtm6-/- mice 

had substantially increased expression of surface FAS compared to WT mice (Fig. 4E-I). In contrast, 

the surface levels of FASL were not different between WT and Cmtm6-/- mice (EV4B-F). These data 

further demonstrate that CMTM6 is a potent negative regulator of FAS expression in murine T cells. 
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