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REFEREE REPORTS
Reviewer #1:

In this manuscript, Alves et al study the effect of TRAIL-deficiency on control of LCMV
infection and discover enhanced early virus-specific CD8+ T cell responses without
major effects on virus titers until later. Anti-NK1.1 depletion enhanced CD8+ responses
and abrogated TRAIL-dependent effects on CD8+ cells but no increases in NK cell
numbers were seen. TRAIL deficiency was associated with increased IFNg production by
NK cells that the authors concluded was not related to the augmented CD8 responses in
TRAIL-deficient mice. By contrast, they provide evidence for decreased GZB expression
in NK cells in TRAIL-deficient mice that they suggest is the basis for enhanced CDS8
responses. In vitro experiments suggest lower IL15 stimulated responses in TRAIL-def
NK cells that the authors attribute to lower GZB production. However, they then show
that WT NK cells show decreased NK cell responses when adoptively transferred into
TRAIL-deficient recipients, suggesting NK cell extrinsic effects.

The most challenging aspect of this manuscript are the multiple, apparently
contradictory results that confound interpretations and attempts to come up with a
unifying explanation for the initial findings that there are enhanced virus-specific CD8+
T cell responses in LCMV infections of TRAIL-deficient mice. For example, the authors
conclude that IFNg production by NK cells is not relevant to the enhanced CDS response
but they still study this aspect of NK cell function later on in the manuscript. In addition,
a number of conclusions are reached that are not directly supported by the experiments
presented. For example, the authors conclude that GZB production is relevant to the
phenotype but do not directly test if NK cell cytotoxicity of CD8 T cells is actually
operational in their studies. They show many experiments suggesting that TRAIL affects
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IL15 signaling in NK cells, but other data suggest that the effects in vivo are due to NK
cell extrinsic effects.

That TRAIL appears to affect IL15 signaling in NK cells is quite interesting and
apparently novel but there are no experiments to address how this occurs.

Minor Comments:

Fig 1C. Not clear why two asterisks at day 8 and one at day 10 when there are minimal
effects on titers.

Fig 2C. Not clear what cells are being studied.

Line 126. Premature to conclude that TRAIL is affecting NK cell activity.

Fig 2D. Should be replotted to show anti-NK1.1 next to untreated for WT, and for TRAILdef.

Reviewer #2:

This manuscript describes a non-canonical role for TRAIL in determining NK-cell
function during viral infection. They conclude that cell-extrinsic TRAIL engages TRAIL-R
on NK cells, supports IL-15 signaling and promotion of granzyme B while reducing IFNgamma.
Consequently, NK cells suppress CD8 T cells and alter viral pathogenesis. The
experiments appear sound and represent important findings that will be intriguing to

the scientific community. However, several issues reduce confidence in the

interpretation of the data and potentially undermine the mechanistic conclusions.

What is the evidence that the phenomenon is independent of pro-apoptotic functions of
TRAIL? Apoptosis is only examined in Figure5.S2, where sSTRAIL does not trigger
apoptosis in NK cells. Yet, the authors don't delineate which specific cell express TRAIL
or TRAIL-R, thereby precluding determination of apoptosis in the relevant lineage. The
role of membrane-bound TRAIL rather than soluble TRAIL is never formally tested. The
non-apoptotic conclusion must be supported by data on the ability/inability of TRAIL or
TRAIL-R engagement by soluble or membranous ligands to induce NK cell apoptosis.
Moreover, the potential for TRAIL-mediated apoptosis of accessory cells that

subsequently influences NK cell function should be discussed.

The current presentation creates unnecessary confusion about the directionality and
cell-intrinsic nature of events. None of the data support the necessity or sufficiency of
TRAIL-R engagement on NK cells driving these effects, while Fig5.S2 casts some doubt
on this hypothesis. The one experiment clearly performed with isolated NK cells

(Fig5.S3) suggests that Trail-/- NK cells are defective in response to NK1.1 stimulation,
which stands in contrast to the conclusion that this is mediated via TRAIL-R

engagement. Analysis of NK-cell expression of IFN-gamma and granzyme B in Figure
7C/D, or in vitro experiments comparing effect of STRAIL/mTRAIL/TRAIL-R stimulation
on these functions of NK cells, would boost confidence in the conclusions.

The conclusion that lower GzmB expression results in reduced suppression of CD8 T

cells is tenuous. Do the authors have any data that support a role for GzmB in

suppression? The authors should test that TRAIL-deficient, gzmB-low NK cells exhibit
reduced capacity to suppress T cells (in vitro perhaps). Ideally, the authors would also
show that suppressive function can be rescued by restoring gzmB expression in Trail-/-
NK cells, or mimic effect by knocking-down GzmB in wild-type NK. Given the difficulty of
the latter experiments, a thorough discussion of the limits of the data should be

provided at a minimum.

The role of enhanced IFN-gamma is incompletely addressed. Figure 2B (24 hours), Fig 2-
S2 (36 h), and Fig 3 (24-48h) show early IFN-gamma expression, but enhancement of
IFN-gamma at later time points is not examined. The possibility that continued

elevations in IFN-gamma levels can contribute undermines the conclusions of Fig 3F

that is purported to show effects on CD8 T cells are independent of early IFN-g. A better
experiment would be administration of anti-IFN-gamma blocking antibodies during
initial days of infection to reverse (or not) enhanced CD8 T cell responses in Trail-/-.

Minor Comments:

© European Molecular Biology Organization
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1. Were proper control antibodies (for anti-NK1.1 or asialoGM1) administered to the
non-depleted group? If not, then additional experiments should be performed with
proper controls. How were the doses of anti-NK1.1 and anti-asialoGM1 selected? Was
NK cell depletion verified? Please change text of Methods, Results, and/or Figure
legends to denote answers to these inquiries.

2. The authors assert that the partial phenotype of Trail-deficiency, relative to NKdepletion,
reflects overlapping roles of NK cells and Trail. This could just as likely

represent a separate effect of NK cell depletion (like enhanced CD4) that masks or
overrides the Trail effect. Detailed discussion of potential interpretations is warranted.
3. More precision and consistency are needed in Results/Methods/Legends regarding
whether total splenocyte or isolated NK cells are assayed.

4. In Fig 1C, titers are inappropriately presented and statistics incorrectly applied for
day 12. An undetectable virus load cannot be accurately displayed as 0, but should
instead be assigned a less-than value just below the L.O.D. Your statistics should be
recalculated with these values. Also, not clear if the "**" in spleen viral load plot is
incorrectly labeling day 8 when it should be day 7.

5. In Figure 2C, legend should reflect whether these histograms are gated on NK cells (as
described in results). Either the results or legend need to be edited.

6. The Tnfsf10-/- mice were originally made in 129 stem cells, such that the low Ly49H
expression could reflect incomplete backcrossing along chromosome 6. The authors
should comment on this and any other potential effects of 129 gene carryover that might
impact their measurements. This possibility may negate many of the arguments
discussed in the 2nd paragraph of the discussion.

7. In Figure 4, do E:T reflect "splenocyte" to target or "calculated NK cell within
splenocyte" to target ratios?

Reviewer #3:

This manuscript presents data indicating that, following LCMV infection, TRAILdeficient
mice display 1) enhanced LCMV GP33-41-specific CD8+ T cell response, 2)

faster pathogen clearance, 3) lower ALT/higher IFNgamma levels in sera, and 4) higher
IFNgamma/pAKT/pS6/lower granzyme B levels in NK cells, compared to WT mice.
Based on NK cell depletion study, the authors argue that some of these effects are
mediated by NK cells; for instance, the enhanced T cell response in TRAIL-deficient mice
is associated with low cytotoxic activity of NK cells resulting from low granzyme B
expression. Importantly, the authors provide evidence that TRAIL-TRAILR engagement
on NK cells can augment IL-15-induced granzyme B expression by increasing AKT/S6
phosphorylation, which might explain reduced LCMV-specific T cell response and

slower pathogen clearance in WT mice.

This manuscript is very interesting and has some important novelties. However, the
following points should be addressed to sustain the claims and improve the quality of
the manuscript.

1. Based on the available information (Reference #57), TRAIL-deficient mice used in this
work were initially produced on non-B6 background, then backcrossed only five times

to B6 mice. The manuscript indicates "All mice were maintained on a C57BL/6 genetic
background", which needs to be further clarified. The genetic background of TRAILdeficient
mice and WT mice should be extensively matched to exclude the possible non-
TRAIL-related effects.

2. A previous study (Badovinac et al, 2006, not cited) reported that there was no

difference in LCMV-specific CD8+ T cell responses, including GP33-41-specific response,
between TRAIL-deficient mice (backcrossed 10 times to B6) and WT B6 mice. This
discrepancy should be discussed.

3. Abstract indicates "Our study reveals...immunoregulatory role of TRAIL signaling on

NK cells for the granzyme B-dependent elimination of antiviral T cells", but no clear
evidence to support this claim was presented in the manuscript. Is there any evidence

© European Molecular Biology Organization
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that TRAIL-deficient NK and WT NK cells kill directly and differentially LCMV-specific T
cells? If not, this could be misleading and should be rephrased. Additionally, possible

direct interactions (e.g., via activating receptors) between NK and T cells should be
discussed.

4. Examination of granzyme B expression, pAKT/pS6 and NK1.1-induced IFNgamma
production following adoptive transfer (eg, Fig. 7D; and transfer of TRAIL-deficient
spleen cells into WT mice) may yield informative data. NK1.1-crosslinking experiments
were performed on MACS-purified DX5+ cells (Fig. 5 Suppl. 3D), but more accurate data
might be produced with whole splenocytes with less complicatons.

Authors’ Reponse

© European Molecular Biology Organization
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Comments of Reviewer #1:

Reviewer #1 / Major comments:

1. The most challenging aspect of this manuscript are the multiple, apparently contradictory
results that confound interpretations and attempts to come up with a unifying explanation for
the initial findings that there are enhanced virus-specific CD8+ T cell responses in LCMV
infections of TRAIL-deficient mice.

We agree with Reviewer #1 that the first submitted version of our manuscript may have
appeared confusing to the reader, in particular concerning the mechanisms — cell-autonomous
versus cell-extrinsic mechanisms — by which TRAIL signaling affects NK cell function. Some
information was missing, which prevented proper understanding of our results. This has also
been mentioned by the other Reviewers (e.g. minor comment #2 of Reviewer #1; major

comment #3 and minor comments #3 and #5 of Reviewer #2).

In the new version of our manuscript, we have implemented several changes to address these
comments. We also show novel data that critically substantiate our previous findings and
further support the interpretation of our results. These new data have been listed and shortly
presented in our reply to the general feedback from the Editorial Board (see above). Taken
together, we believe that these changes have significantly clarified and improved our

manuscript.

2. ....For example, the authors conclude that IFNg production by NK cells is not relevant to
the enhanced CDS response but they still study this aspect of NK cell function later on in the

manuscript.

Secretion of cytokines, especially IFNy, represents a key function of NK cells, in particular
during virus infection (1). For this reason, we believe that our data indicating an altered
cytokine profile in NK cells of LCMV-infected Trail”~ mice (Figure 3A-C) and our results from
the transcriptomic analysis (Figure 3—figure supplement 1, revised manuscript) warranted
further investigation on the mechanisms underlying these phenotypes and the role of IFNy in

our model.

Indeed, previous studies have shown that IFNy signaling is critical to restrict the spread of

various LCMV strains at the onset of infection, therefore promoting the virus-specific CD8" T
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cell response and later pathogen clearance (2). Consequently, Ifng”" mice fail to clear a slowly
invasive strain of LCMV (Armstrong strain) (3), and infection of Ifingr/”" mice with a low dose
(10 pfu) of LCMV WE virus leads to a fatal wasting disease (2). LCMV WE is particular
susceptible the antiviral effect of I[FNy (4). Correspondingly, antibody-mediated blockade of
IFNy of LCMV WE-infected mice has been shown to impair virus clearance and the specific

CD8" T cell response (5).

Nevertheless, it is correct that our data indicate that the higher levels of IFNy that are produced
by NK cells in LCMV-infected Trail’” mice do not account for the increased CD8" T cell
response in these animals (Figure 3E & F, revised manuscript). This conclusion is further
supported by our latest findings from an in vivo NK cell-mediated killing assay revealing that
the specific CD8" T cell response in LCMV-infected Trail’”- mice likely derives from an
impairment of the cytotoxic function of NK cells in these mice — rather than from an increased
systematic level of IFNy, which is unlikely to affect the proliferation of CD8" T cells in such a
short 6 hour assay (Figure 4B-D, revised manuscript). These aspects are presented in the
discussion of the revised manuscript, together with a reference to the former studies

demonstrating the relevance of IFNy signaling for LCMV immunity.

The reason for still investigating the 7rail-dependent cellular mechanisms controlling IFNy
production was to evaluate whether TRAIL may regulate other pathways in NK cells besides
the signaling downstream of IL-15 receptor. Indeed, our results show that TRAIL signaling not
only modulates the IL-15—GZMB axis, but also the NK.1.1—IFNy axis, and possibly other
pathways related to inflammation and cytokine production or signaling (Figure 5; Figure 5—
figure supplement 2D and Figure 3—figure supplement 1, revised manuscript). These findings
provide evidence for a multifaceted and broad contribution of TRAIL to the regulation of NK
cell function. Yet, we have slightly modified the abstract to reduce possible confusion on the

role of IFNy for the immune response in LCMV-infected Trail’" mice.

Please note that comments on the role of IFNy in our model were also raised by Reviewer #2
(major comment #3 and #5) and Reviewer #3 (major comment #4). In our reply to major

comment #5 of Reviewer #2, we further discuss the function of IFNy in our model (see below).
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3. In addition, a number of conclusions are reached that are not directly supported by the
experiments presented. For example, the authors conclude that GZB production is relevant to
the phenotype but do not directly test if NK cell cytotoxicity of CD8 T cells is actually

operational in their studies.

To address this relevant comment, we used an in vivo NK cell-mediated killing assay to
demonstrate that Trail’” NK cells exhibit reduced cytotoxicity against LCMV-specific CD8" T
cells, when compared to WT NK cells (Figure 4B & C, revised manuscript). Since activated
LCMV-specific CD8" T cells do not express DR5, we conclude that this phenotype is likely
caused by an impaired activation of the IL-15—GZMB pathway in activated Trail”- NK cells,
and not dependent on TRAIL-induced apoptosis (Figure 4D & Figure 5, revised manuscript).
This is in agreement with our data showing that activated Trail”- NK cells have a reduced
ability to eliminate TRAIL-resistant YAC-1 cells in vitro (Figure 4A, revised manuscript), as
well as previous studies reporting a central role of the perforin-granzyme pathway for the NK
cell-mediated elimination of LCMV-activated WT (6), transgenic CD8" (P14) T cells (7) and
Ifnarl”” P14 or Ifnarl”” transgenic CD4" (Smarta) T cells (8, 9).

A similar comment was raised by Reviewer #2 (major comment #4) and Reviewer #3 (major

comment #3).

4. They show many experiments suggesting that TRAIL affects IL15 signaling in NK cells, but

other data suggest that the effects in vivo are due to NK cell extrinsic effects.

We have modified the manuscript text and added novel data to clarify the mechanisms by which
TRALIL signaling regulates NK cell function. In particular we implemented several changes
and improvements in the new version of the manuscript. Taken together, our data show the

following:

1. LCMYV infection leads to upregulation of TRAIL and TRAIL receptor (DRS5) on splenic
mouse NK cells (Figure 2C). These data were imprecisely described in the previous
version of the manuscript (please, also refer to our reply to minor comment #2 of
Reviewer #1 and to minor comment #5 of Reviewer #2).

2. Trail-deficiency in whole splenocytes or MACS-purified NK cells leads to a reduction
of the signaling induced downstream of IL-15 receptor (Figure 5; Figure 5—figure
supplement 1A). This is also discussed in our reply to minor comment #3 of Reviewer

#2.
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3. TRAIL blockade of activated NK cells represses the signaling downstream of IL-15
receptor. This is true for murine and human primary NK cells, as well as for the human
NK cell line NK-92 (Figure 5F-I; Figure 5—figure supplement 1D & E; Figure 6;
Figure 7—figure supplement 1D & E).

4. Inversely, addition of plate-coated recombinant TRAIL promotes S6 phosphorylation
downstream of IL-15 receptor in NK cells. However, addition of soluble TRAIL does
not recapitulate this ancillary effect on IL-15 signaling (Figure 7E, revised manuscript).

5. Provision of membrane-bound TRAIL by adding WT splenocytes to IL-15-stimulated
Trail" splenocytes restores the IL-15—GZMB axis in Trail’” NK cells, in a dose-
dependent manner. In contrast, addition of Trail”~ splenocytes to reduce TRAIL
availability results in a decreased activation of IL-15 signaling in WT NK cells (Figure

7A & B). A similar effect can be also observed in in vivo conditions (Figure 7C & D).

Collectively, these data indicate that cell-extrinsic, membrane-bound TRAIL engages TRAIL
receptor on NK cells to modulate the signaling downstream of IL-15 receptor. Impaired
activation of the IL-15 pathway in activated Trail”~ NK cells leads to lower granzyme B
expression and diminished cytotoxicity, thereby likely resulting in reduced elimination of
virus-specific CD8" T cells in LCMV-infected Trail’ mice. Figure 7—figure supplement 2
shows a schematic model of this previously unrecognized regulatory function of TRAIL

signaling in NK cells.

5. That TRAIL appears to affect IL15 signaling in NK cells is quite interesting and apparently

novel but there are no experiments to address how this occurs.

We believe that we provide several lines of evidence indicating that IL-15 signaling and non-
canonical TRAIL signaling converge to activate the PI3K—AKT—mTOR pathway and thus
synergize to regulate NK cell function. We briefly review below previous studies describing
non-canonical TRAIL signaling in different types of (transformed) cells and the current
knowledge on IL-15 signaling in NK cells. We then present our novel findings in light of these

studies, which are presented in the revised manuscript.

Previous studies on non-canonical TRAIL signaling and on IL-15 signaling in NK cells

Non-canonical signaling downstream of TRAIL receptor activates PI3K in various TRAIL-
resistant cancer cell lines, leading to AKT activation and thus promoting cell survival (instead

of apoptosis) or migration (reviewed in (10, 11)). This has been reported for Jurkat leukemia T
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cells (12), human breast cancer and ovarian cancer cells (13), non-small cell lung cancer cells
(14) and prostate adenocarcinoma cells (15). Human umbilical vein endothelial cells
(HUVECs) also react to TRAIL by activating PI3K and AKT, which prevents apoptosis
induced by trophic withdrawal (16). While this non-canonical TRAIL—PI3K—AKT signaling

is established, its precise underlying molecular mechanisms are still unclear (17).

IL-15 promotes NK cells either via activation of the JAK/STAT pathway for the transcription
of pro-survival genes during homeostatic conditions (18, 19), or via induction of the PI3K—
AKT—mTOR axis upon activation, to support the development of effector functions and

GZMB protein expression (20-22).

Data in the revised manuscript indicating that TRAIL contributes to IL-15 signaling

Using primary NK cells from genetically-modified mice, we demonstrate that Trail-deficiency
leads to a reduction of the PI3K—AKT—mTOR signaling induced downstream of IL-15
receptor. TRAIL blockade, employing TRAIL-R2-Fc chimeric protein, results in a similar
effect (Figure 5F-I; Figure 5—figure supplement 1A, D &E; Figure 6; Figure 7—figure
supplement 1D & E, revised manuscript). Inversely, plate-coated recombinant TRAIL
promotes S6 phosphorylation downstream of IL-15 receptor in NK cells (Figure 7E, revised

manuscript).

These data indicating a link between TRAIL signaling and the IL-15—PI3K—AKT—mTOR
axis were further corroborated by a transcriptomic analysis which revealed that several
pathways related to PI3K/AKT signaling and IL-2 family signaling (to which IL-15 belongs)
are differently affected in WT versus Trail”- NK cells upon LCMYV infection (Table 1 and Table

2, revised manuscript).

In addition, we also found that pharmacological inhibition of PI3K using the classic PI3K
inhibitors wortmannin/LY294002 abolishes the promoting effect of TRAIL signaling on IL-
15-induced GZMB expression in WT NK cells. In other terms, PI3K inhibition leads to similar
GZMB expression in IL-15-stimulated Trail”~ versus WT NK cells (PBP-Figure 1A and
Figure 5—figure supplement 1C, revised manuscript). Accordingly, PI3K inhibition with
wortmannin or LY294002, given individually or in combination, decreases pAKT levels in IL-
15-stimulated WT NK cells to the levels measured in Trail”- NK cells after the same treatment
(data not shown). Taken together, these results imply that PI3K is an intersection point in the

signaling downstream of TRAIL receptor and IL-15 receptor (PBP-Figure 1B-D). Of note, our
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results and their interpretation concur with the findings from another study indicating that

TRAIL can activate a PI3K—AKT—mTOR axis in TRAIL-resistant cancer cell lines (13).

Collectively, these data show that TRAIL signaling promotes the IL-15—PI3K—AKT—
mTOR—GZMB axis in NK cells. In the discussion of the revised manuscript, we compare
these previous studies describing non-canonical TRAIL—PI3K—AKT signaling in TRAIL-
resistant cancer cell lines with our findings in primary NK cells that indicate that the pathways

downstream of IL-15 receptor and TRAIL receptor appear to converge by activating the

PI3BK—AKT—mTOR—GZMB pathway.
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PBP-Figure 1. TRAIL signaling activates PI3K to promote in NK cells the pathway downstream
of IL-15 receptor. (A) Wortmannin and L.Y294002 were used at the concentrations recommended by
the manufacturer (1uM and 50uM, respectively) and added to splenocyte cultures 1 hour before addition
of IL-15. GZMB expression was measured in NK cells by flow cytometry after 20 more hours. Data
shown are mean = SEM of n=3 mice per group. Statistical analysis was performed using one-way
ANOVA with Dunn’s post-test. *p<0.05; **p<0.01. This panel is identical to the panel displayed in
Figure 5—figure supplement 1 of the revised manuscript. Model showing the interaction between non-
canonical TRAIL signaling and IL-15 signaling in NK cells. (B) Non-canonical TRAIL signaling
activates PI3K in define cell types (10, 11), and IL-15 signals in NK cells through a PI3BK—AKT—
mTOR pathway to promotes the expression of GZMB protein (20-22). If these two pathways are
engaged in activated NK cells, non-canonical TRAIL signaling activates PI3K to promote the IL-15—
PI3K—AKT—mTOR—GZMB pathway. (C) Disruption of TRAIL signaling via genetic deletion or
the use of a blocking compound results in reduced signaling downstream of IL-15 receptor in activated
NK cells. (D) Wortmannin and LY294002 inhibit PI3K, thereby blocking non-canonical TRAIL
signaling and the IL-15—mTOR pathway in activated NK cells.
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Interestingly, and in agreement with a previous report (23), IL-15 stimulation promotes the
expression of TRAIL and TRAIL receptor (DRS5) on murine NK cells (PBP-Figure 2), which
suggests a feed-forward loop between IL-15 and TRAIL signaling.

A B

100 - 100 - unst.
3 6h
80 4 80 0124h |IL-15
1 48h
60 4 60 1
>
m| 40 40
£
°| 20- 20
=X
0- 04
-10° 0 108 -10° 0 10°%
TRAIL DR5

PBP-Figure 2. IL-15 stimulation promotes the expression of TRAIL and TRAIL receptor on
murine NK cells. WT splenocytes were stimulated with IL-15 and expression of (A) TRAIL or (B)
TRAIL receptor (DRS5) were assessed by flow cytometry at the indicated time points. Representative
histograms are shown (n=2 per time point). Unst., unstimulated.

10
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Reviewer#tl / Minor comments:

1. Fig IC. Not clear why two asterisks at day 8 and one at day 10 when there are minimal

effects on titers.

We carefully cross-checked and recalculated the statistics showed in Figure 1C, and they are
indeed correct. In PBP-Figure 3, we present a selection of the results of Figure 1C, which are
shown in greater details for day 8, 10 and 12 post LCMV infection —i.e. the time points where
differences in virus clearance can be observed between WT and Trail”- mice. The indicated p

values for day 8 and day 10 are correct (p=0.0028 and p=0.0334, respectively).

In addition, for each of the compared group n=3 for day 7 (p=0.1) while n=9 for day 8
(p=0.0028), which may explain why there are only statistically significant differences for the

titers in WT versus Trail” spleens from day 8 on.

. p=0.0028
0 8 _—

§ e® ® p=0.0334

L o p=0.0022

3 .t ¥ .

Q °

o 4 ..': .:. °®

>

=211 04 _ddo ] jeeel-f - LOD
o

=1

WT Trail" WT Trait~ WT Trait"
day 8 day 10 day 12

PBP-Figure 3. Improved virus control in Trail-deficient mice. WT and 7rail” were infected with
LCMYV and virus titers were determined in spleen at the indicated time points post infection. The limit
of detection (LOD) is represented by a dotted horizontal line. Data indicate mean = SEM pooled data
from 1-4 independent experiments. Statistical analyses were performed using Mann-Whitney test and
p values are shown. This figure is a detailed representation of the Figure 1C of the manuscript, for days
8-12.

The group size for each of the days indicated in Figure 1C is as follows, for the spleen: day 1,

n=9; day 2, n=9; day 3, n=3; day 5, n=3; day 7, n=3; day 8, n=9; day 10, n=11; day 12, n=6.

The virus titer in Figure 1C is plotted on a log scale — a common representation of this type of

data — which may lead to some confusion. We have therefore added in the new version of the

11
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manuscript more detailed information on group size for the virus titer (Materials and Methods,

section on “virus and virus titration™).

Please note that a similar comment was raised by Reviewer #2 (minor comment #4).

2. Fig 2C. Not clear what cells are being studied.

In Figure 2C, we measured TRAIL and TRAIL-R (DRSY) surface protein expression on splenic
NK cells. This information has now been added to the figure legend.

3. Line 126. Premature to conclude that TRAIL is affecting NK cell activity.

The following sentence is referred to:

“Indeed, LCMV triggered upregulation of TRAIL and TRAIL receptor (TRAIL-R or
DRS, which is encoded by Tnfrsf10b) on NK cells (Figure 2C), thus indicating a potential
effect of TRAIL/TRAIL-R signaling on NK cell activity during LCMV infection.”

We respectfully disagree with this comment from Reviewer #1; in this sentence we do not
conclude that TRAIL/TRAIL-R signaling affects NK cell activity. We rather indicate that the
data displayed in Figure 2A-C (revised manuscript) suggest a potential effect of the TRAIL
pathway on NK cell activity (which we show later in Figures 3-7).

4. Fig 2D. Should be replotted to show anti-NK1.1 next to untreated for WT, and for TRAIL-
def
Several studies have previously addressed the effect of NK cell depletion on the T cell response

during LCMYV infection (6, 7, 24). These studies discriminated between presence and absence

of NK cells.

However, the current study aims at evaluating the effect of TRAIL during LCMV infection by
directly comparing WT and Trail”’”" mice side-by-side. In this context, we find that NK cell
depletion abolishes the Trail-dependent limiting effect on the T cell response, thus resulting in
similar frequencies of (IFNy-producing) specific CD8" T cells in WT and Trail”~ groups after
NK cell depletion (Figure 2D and Figure 4C, revised manuscript). Therefore we believe that
the current representation of the data, which juxtaposes the WT and Trail”~ groups to allow
direct group comparisons in conditions where NK cells are present or depleted, is more

appropriate for the purpose our study.
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Comments of Reviewer #2:

Reviewer #2 / Major comments:

1. This manuscript describes a non-canonical role for TRAIL in determining NK-cell function
during viral infection. They conclude that cell-extrinsic TRAIL engages TRAIL-R on NK cells,
supports IL-15 signaling and promotion of granzyme B while reducing IFN-gamma.
Consequently, NK cells suppress CD8 T cells and alter viral pathogenesis. The experiments
appear sound and represent important findings that will be intriguing to the scientific
community. However, several issues reduce confidence in the interpretation of the data and

potentially undermine the mechanistic conclusions.

We thank Reviewer #2 for the careful reading of our manuscript and for rightly identifying
weaknesses in the interpretation of our data. As presented in our reply to the general feedback
from the Editorial Board (see above), we have revised our manuscript and added novel data.

We believe that these changes have corroborated our initial conclusions.

2. What is the evidence that the phenomenon is independent of pro-apoptotic functions of
TRAIL? Apoptosis is only examined in Figure5.S2, where sTRAIL does not trigger apoptosis
in NK cells. Yet, the authors don't delineate which specific cell express TRAIL or TRAIL-R,
thereby precluding determination of apoptosis in the relevant lineage. The role of membrane-
bound TRAIL rather than soluble TRAIL is never formally tested. The non-apoptotic conclusion
must be supported by data on the ability/inability of TRAIL or TRAIL-R engagement by soluble
or membranous ligands to induce NK cell apoptosis. Moreover, the potential for TRAIL-
mediated apoptosis of accessory cells that subsequently influences NK cell function should be

discussed.

To address this relevant comment, we have assessed the expression of TRAIL and its receptor
DRS5 on different immune cell populations in murine spleen. We found that TRAIL and DRS5
proteins become upregulated on NK cells 24 hours after LCMV infection (Figure 2C, revised
manuscript). TRAIL was also expressed at the same time point post infection on CD3", CD4"
or CD8" T cells and on monocytes (defined as CD11b"CD11¢’Ly6C ' Ly6G™ cells). However,
TRAIL was not detectable on dendritic cells (defined as CD11¢"MHCII'Ly6C Ly6G,
CD11¢"MHCII'Ly6C Ly6G CD8" or CDI11¢"MHCII'Ly6C Ly6G CD8 cells) and on
neutrophils (defined as CD11b"Cd11¢Ly6G") (data not shown). Among these different cell
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populations, DRS5 was only expressed on NK cells and monocytes (Figure 2C and data not
shown). Importantly, at 6 days post infection, DRS is not expressed on activated LCMV-
specific CD8" T cells (Figure 4D, revised manuscript). This strongly implies that these cells
cannot engage TRAIL signaling. We therefore conclude that the NK cell-mediated elimination
of virus-specific CD8" T cells in our model is likely independent of TRAIL pro-apoptotic

function.

Therefore, while many immune cells express TRAIL during early LCMV infection, few of
these cells are able to engage TRAIL signaling downstream of DRS5. These findings, together
with the fact that experiments using MACS-purified primary NK cells or NK cells lines
recapitulate the phenotypes observed in vivo, do no hint to a possible effect on NK cell function
of accessory immune cells in which apoptosis was induced via activation of TRAIL signaling.
Yet it is also correct that we cannot formally prove this, and we therefore discuss this aspect in
the revised manuscript. Moreover, our data on TRAIL and DRS5 expression on immune
populations before and after LCMV infection are now either referred to or shown in the revised

manuscript.

To further address this comment from Reviewer #2, we also performed in vitro experiments to
evaluate which form of TRAIL modulates the function of NK cells. Noteworthy, our data
indicate that the non-canonical, regulatory contribution of TRAIL signaling for NK cell
function is operative only in activated NK cells, as basal levels of phosphorylated AKT and S6
are comparable in naive Trail”” versus WT NK cells (Figure S—figure supplement 1B, revised
manuscript). Indeed, DRS is not expressed on naive splenic murine NK cells, yet it becomes
upregulated upon LCMV infection both on WT and Trail”- NK cells (Figure 2C, revised
manuscript). To enable NK cells to engage TRAIL signaling in vitro, we stimulated these cells
with IFNa, which has been reported to promote DRS expression (25). We found that prolonged
in vitro treatment with IFNa was necessary for NK cells to express DRS (PBP-Figure 4A and
B). We then incubated IFNa-treated Trail’”” NK cells with different concentrations of plate-
coated versus soluble TRAIL to compensate for the lack of TRAIL in these cultures. Addition
of recombinant TRAIL, whether plate-bound or soluble, did not affect the ability of Trail’”- NK
cells to respond to IL-15 stimulation after short-term [FNa treatment (PBP-Figure 4C) — which
was expected due to the absence of DRS expression on NK cells in these conditions (PBP-
Figure 4A). However, while prolonged IFNa treatment upregulated DRS expression on NK
cells, it also rendered these cells hypo-sensitive to IL-15 (PBP-Figure 4B and D), which

14



359
360

361

362
363
364
365
366
367
368
369
370

371
372
373
374
375
376
377
378
379

380
381
382
383

Cardoso Alves et al., Point-by-point reply

prevented us to discriminate a possible differential role of membrane-bound/plate-coated

versus soluble TRAIL on IL-15 signaling in primary NK cells.
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PBP-Figure 4. Prolonged stimulation with type I interferon promotes DR5 expression on NK cells,
yet it renders them hyporesponsive to IL-15 stimulation. Whole splenocytes were pooled from 3
Trail’ mice and treated with IFNa (150ng/ml) for (A) 24 hours and (B) 4 days, and DR5 expression
was measured on NK cells using flow cytometry. Alternatively, Trail’- splenocytes were first treated
for (C) 24 hours or (D) 4 days with IFNa and then stimulated with different concentrations of
recombinant plate-bound or soluble TRAIL (for a total of 1.5 hours) and IL-15 (for 1 hour) (n=1 per
condition). Flow cytometry was then applied to measure S6 phosphorylation in NK cells. Data indicate
show (A, C) one representative of two independent experiments. (B, D) One experiment was performed.
Similar data were generated using splenocytes from WT mice.

To overcome these technical limitations, we next used the NK-92 human cell line that shows
constitutive expression of human TRAIL and its receptors DR4 and DRS, and which is
therefore endowed with the capacity to engage TRAIL signaling. Of note, NK-92 cells were
found to behave similarly to primary murine and human NK cells, since TRAIL blockade also
repressed the signaling downstream of IL-15 receptor in this cell line (Figure 7—figure
supplement 1D, E). Remarkably, addition of plate-coated — but not soluble — recombinant
TRAIL promoted, in a dose-dependent manner, the signaling downstream of IL-15 receptor in

NK-92 cells (Figure 7E, revised manuscript).

Taken together, these findings support the notion that cells expressing membrane-bound
TRAIL trigger TRAIL signaling in TRAIL-R-positive NK cells, which in turn promotes IL-15
signaling, granzyme B expression and NK cell cytotoxicity. Therefore, our data imply that
soluble TRAIL does not appear to regulate NK cell function.
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3. The current presentation creates unnecessary confusion about the directionality and cell-
intrinsic nature of events. None of the data support the necessity or sufficiency of TRAIL-R
engagement on NK cells driving these effects, while Fig5.S2 casts some doubt on this
hypothesis. The one experiment clearly performed with isolated NK cells (Fig5.53) suggests
that Trail-/- NK cells are defective in response to NK1.1 stimulation, which stands in contrast
to the conclusion that this is mediated via TRAIL-R engagement. Analysis of NK-cell expression
of IFN-gamma and granzyme B in Figure 7C/D, or in vitro experiments comparing effect of
STRAIL/mTRAIL/TRAIL-R stimulation on these functions of NK cells, would boost confidence

in the conclusions.

Directionality and cell-intrinsic nature of events

The issue on the cell-autonomous versus cell-extrinsic function of TRAIL has been addressed

in our reply to major comment #4 of Reviewer #1.

In vitro experiments comparing effect of soluble TRAIL/membrane-bound TRAIL/TRAIL-R

stimulation
Our novel data comparing the differential contribution to NK cell regulation of membrane-
bound versus soluble TRAIL were presented above in our reply to major comment #2 of

Reviewer #2 (Figure 7E, revised manuscript).

Analysis of NK cell expression of IFNy

Because our data do not provide evidence for a contribution of NK cell-derived IFNy to the
CDS8" T cell phenotype detected in LCMV-infected Trail”~ mice, and to follow the opinion of
Reviewer #1 (major comment #2), we did not explore the TRAIL-dependent mechanisms
regulating [IFNy expression in NK cells beyond the investigations carried out and presented in

the first version of our manuscript.

Analysis of NK cell expression of granzyme B

For the analysis of Trail-dependent S6 phosphorylation, splenic NK cells were analyzed 24
hours after LCMYV infection (Figure SE, revised manuscript). For the experiment presented in
Figure 7D (revised manuscript) — which investigates the contribution of different TRAIL
availabilities in the host environment to the in vivo activation of transferred NK cells — flow
cytometry analysis of S6 phosphorylation was performed 48 hours after adoptive transfer and
24 hours after LCMV infection (see detailed experimental setup in Figure 7C, revised

manuscript).
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In comparison, GZMB expression in NK cells was (logically) assessed later than S6
phosphorylation, i.e. 5 days post infection (Figure 4F, revised manuscript). To evaluate GZMB
expression in NK cells in a setting comparable to the one presented in Figure 7C/D (revised
manuscript), we first adoptively transferred congenic splenocytes into recipient mice and
infected these animals with LCMV 24 hours after cell transfer. NK cells were then analyzed
by flow cytometry 24 hours or 5 days post infection (i.e. 2 or 6 days after cell transfer,
respectively) (PBP-Figure 5A). Compared to the test at the first time point (day 1 post
infection), analysis at the later time point (day 5 post infection) did not allow for donor NK
cells to be recovered in amounts sufficient for reliable GZMB measurement (PBP-Figure 5B
and C). Therefore, this technical limitation prevents us from directly addressing this specific

comment of Reviewer #2.

Note that a similar remark about GZMB and IFNy expression after adoptive transfer (in the
experimental setup showed in Figure 7C and D) was raised by Reviewer #3 (major comment

#4),

A Analysis Analysis
Splenocytes LCMV (Fig. B) (Fig. C)
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PBP-Figure 5. Analysis of host and donor NK cells in LCM V-infected mice. (A) Experimental setup
of WT (Ly5.1) donor splenocyte transfer (107 cells) into WT (Ly5.2) recipient mice followed by LCMV
infection. Ratios of donor and host splenic NK cells were quantified by flow cytometry on day 1 (B) or
on day 5 (C) post LCMV infection. Data are shown for two individual mice per time point and are
representative of one of 2 independent experiments.
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4. The conclusion that lower GzmB expression results in reduced suppression of CD8 T cells
is tenuous. Do the authors have any data that support a role for GzmB in suppression? The
authors should test that TRAIL-deficient, gzmB-low NK cells exhibit reduced capacity to
suppress T cells (in vitro perhaps). Ideally, the authors would also show that suppressive
function can be rescued by restoring gzmB expression in Trail-/- NK cells, or mimic effect by
knocking-down GzmB in wild-type NK. Given the difficulty of the latter experiments, a

thorough discussion of the limits of the data should be provided at a minimum.

To address this pertinent comment for additional evidence for the reduced ability of Trail”- NK
cells to eliminate activated CD8" T cells (in a GZMB-dependent manner), we have followed
the following approaches, which all turned out to be technically challenging due to the reasons

indicated below:

Setup #1. An ex vivo killing assay was first set up using MACS-purified NK cells isolated from
the spleen of LCMV-infected Trail””, WT and Prf" mice, which were co-incubated with
MACS-purified P14 cells isolated from NK cell-depleted and LMCV-infected WT recipient
mice. However, this approach failed to disclose differences in the cytotoxic capacity of the NK
cells of these different strains (data not shown), thereby confirming the data from previous
reports indicating that P14 cells are resistant to (perforin-mediated) (WT) NK cell-mediated

killing in such ex vivo settings (8, 9).

Setup #2. An in vitro assay was performed in which quantification of T cell proliferation was
used as a surrogate of NK cell-mediated killing, as previously applied (7). For this purpose,
MACS-purified WT CD8" T cells were activated in vitro with anti-CD3/CD28 antibodies and
co-incubated with WT or Trail”- MACS-purified NK cells from naive or d5 LCMV-infected
mice. Fluorescence dilution was then measured in CD8" T cells on day 1, 2 and 3. This assay
did not show differences in the ability of Trail”~ versus WT NK cells to restrict in vitro CD8"
T cell proliferation. There was also no differences between the conditions using naive versus

LCMV-primed NK cells (data not shown).

Setup #3. Another in vitro cytotoxicity assay was also set up in which MACS-purified Trail”-
and WT NK cells were first activated in vitro with IL-2 for 4 days and then co-incubated with
WT CD8" T cells that had been previously activated for 24h or 48h with concanavalin A
(ConA). Comparison with the control (i.e. experimental conditions using Prf”- NK cells) did
not show evidence for a cytotoxic activity of NK cells in this setting, as assessed by annexin V

expression on target T cells (data not shown). This is in agreement with the conclusions of the
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data from the ex vivo killing assay presented above (set up #1) indicating that activated WT

CDS8" T are poorly susceptible to (WT) NK cell-mediated cytotoxicity in such in vitro settings.

Setup #4. A similar in vitro cytotoxicity assay as presented in setup #3 was also applied, yet
using anti-CD3/CD28 antibody-activated Ifinarl”~ CD8" T cells as NK cell targets, since
activated T cells incapable of engaging type I IFN are particularly susceptible to
perforin/granzyme-dependent NK cell-mediated lysis (8, 9). However, in these settings we
again did not detect differences between the conditions using IL-2-activated Trail”", WT or Prf’

" NK cells (data not shown).

Setup #5. As a variation of the assay presented in setup #4, we next tried to use as NK cell
targets MACS-purified Ifnari”- P14 cells isolated from NK cell-depleted and LCMV-infected
WT recipient mice. However, the limited quantity of recovered target cells in these settings —
which was previously also observed by other researchers (Annette Oxenius, personal
communication) — prevented us to perform an in vitro cytotoxicity assay with these LCMV-

primed Ifnarl” P14 cells.

Setup #6. An in vivo cytotoxicity assay was also carried out, in which P14 cells were isolated
from NK cell-depleted and LCMV-infected WT recipient mice and re-transferred into NK cell-
replete or NK cell-depleted LCMV-infected Trail”- versus WT mice. Frequencies of P14 cells
were then measured in the spleen of recipient mice 6h after adoptive transfer. In these
conditions, there were again no differences in the frequency of recovered target P14 cells
between the groups, in line with a previous study showing that P14 cells are resistant to NK

cell-mediated killing in such in vivo settings (8).

Setup #7. At last, we performed an in vivo cytotoxicity assay comparable to the one presented
in setup #6, yet using MACS-purified Ifnarl”- P14 cells as NK cell targets (since, as mentioned
above, these cell are particularly sensitive to perforin/granzyme-dependent NK cell-mediated
elimination (8, 9)). In these conditions, we found a higher recovery of Ifiarl”" P14 cells from
infected Trail”~ versus WT mice. Furthermore, NK cell depletion in these settings led to an
even higher target cell recovery and abolished the strain-specific difference (Figure 4B & C,
revised manuscript). Collectively, these results are in agreement with the NK cell-dependent
differences in endogenous CD8" T cell priming observed upon LCMV infection of Trail”

versus WT mice (Figure 1A and Figure 2D, revised manuscript).

Although our data do not directly demonstrate a role of GZMB for the NK cell-mediated

elimination of target CD8" T cells during LCMV infection — addressing this aspect would be
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technically challenging, also considering the difficulties we encountered and that are presented
above — they nevertheless strongly support this notion. Indeed, perforin and granzyme act
synergistically (26), and our study indicates that virus-primed LCMV-specific CD8" T cells do
not express DRS and therefore cannot engage the (apoptotic) signaling downstream of TRAIL
receptor (Figure 4D, revised manuscript). In addition, activated Trail”- NK cells show reduced
GZMB expression and have an impaired ability to kill TRAIL-resistant YAC-1 cells in vitro
(Figure 4F and Figure 4A, respectively; revised manuscript). Yet we implemented this remark
of Reviewer #2 by making several changes in the manuscript, where we now indicate that
reduced GZMB expression in activated Trail”- NK cells is associated with or linked to (rather

than a direct cause of) reduced (TRAIL-independent) cytotoxic function.

5. The role of enhanced IFN-gamma is incompletely addressed. Figure 2B (24 hours), Fig 2-
S2 (36 h), and Fig 3 (24-48h) show early IFN-gamma expression, but enhancement of IFN-
gamma at later time points is not examined. The possibility that continued elevations in IFN-
gamma levels can contribute undermines the conclusions of Fig 3F that is purported to show
effects on CDS8 T cells are independent of early IFN-g. A better experiment would be
administration of anti-IFN-gamma blocking antibodies during initial days of infection to

reverse (or not) enhanced CDS T cell responses in Trail-/-.

Published work on the role of IFNy for the immune response to LCMV

We do agree with this comment from Reviewer #2 that IFNy may contribute to the CD8" T cell
phenotype observed in LCMV-infected Trail”~ mice. In our reply to the major comment #2 of
Reviewer #1, we mention several reports that have demonstrated the central role of IFNy
signaling to LCMV control and the induction of the virus-specific CD8" T cell response (2-5).

We also discuss this aspect in the revised manuscript.

Role of IFNYy in infected Trail”’- mice at later time points

As shown in Figure 3A, the IFNy production in NK cells is the highest 24 hours post LCMV
infection and it then drops considerably one day later. IFNy becomes undetectable in NK cells
36 hours post LCMV infection (data not shown). These data are in agreement with a previous
study reporting a maximum of IFNy production in peritoneal NK cells 30 hours after LCMV

infection, which then immediately decreases (27).
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We have not assessed the NK cell-specific IFNy production at later time points during the
infection. It likely that serum IFNy levels will raise at later time points in LCMV-infected
(Trail™) mice, to reach a maximum before the peak of the T cell response (which occurs
between day 6 and day 8 post infection). As a matter of fact, a former study has shown that
LCMV WE infection induces two waves of IFNy production in the serum of WT mice; a first,
smaller peak on day 2 and a second, larger peak on day 5 of the infection (28). Another report
mentioned the I[FNy serum level of LCMV WE-infected mice to be the highest between day 4
and day 8 post infection. While in this study NK cell-depletion did not affect levels of IFNy in
serum and spleen at day 4, CD8" T cell-deficient mice showed strong reduction in systemic

and splenic IFNy production (29).

Taken together, LCMV induces IFNy the first days after infection mainly in NK cells and later
in CD8" T cells. Since higher frequencies of IFNy-positive CD8" T cells are found in infected
Trail’”" mice, it is very likely that these animals will also show higher systemic levels of IFNy

at the peak of the T cell response.

Sugeested IFNy blockade studies

While the findings from previous studies justify our endeavor to address the role of the NK
cell-produced IFNy to the improved CD8" T cell response observed in LCMV-infected Trail”
mice (2, 5), we believe that the IFNy blockade studies suggested by Reviewer #2 would be less
informative about the mechanisms underlying this phenotype than the experiment presented in

Figure 3E and F (revised manuscript), for the following two main reasons:

1. Role of IFNy produced specifically by NK cells

Our data in Figure 3 (revised manuscript) indicate that absence of TRAIL signaling during
LCMV infection increases the ability of NK cells to produce IFNy. Figure 2D shows that NK
cells underlie the increased virus-specific CD8" T cell response in LCMYV infected Trail”” mice.
Building on these findings, the purpose of the experiment depicted in Figure 3E and Figure 3F
is to address the role of the IFNy that is specifically secreted by NK cells to the increased
LCMV-specific CD8" T cell response in infected Trail’”” mice. IFNy blockade studies, as
proposed by Reviewer #2, would likely impact on the T cell response to LCMV, as previously
found by others (5). However, they would not allow to discriminate the effects, in our model,

of NK cell-derived IFNy from IFNy derived from other cells, including CD8" T cells. Indeed,
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it is unclear how long the effect of an IFNy blocking antibody would last after administration

at an early stage of LCMYV infection.

2. Role of the NK cell cytotoxic function for the higher T cell response in infected

Trail’” mice
Our new data from the NK cell-mediated in vivo killing assay provide evidence for the
relevance of the perforin/granzyme-dependent cytotoxic function of NK cells to the T cell
phenotype in infected Trail”’” mice (Figure 4B & C, revised manuscript). It is unlikely that the
short duration of this assay (6 hours) would allow for the higher systemic levels of IFNy to
impact on the improved recovery of target Ifnarl”" P14 cells from infected Trail”~ mice.
Nevertheless, the increased IFNy in infected Trail”~ mice may affect target Ifnarl” P14 cells

either directly or indirectly:

A direct effect of IFNy on target cells is unlikely. Indeed, lack of IFNy receptor on CD8" T
cells was reported not to negatively affect the expansion of polyclonal LCMV-specific CD8"
T cells in vivo (30). This indicates that a direct effect of IFNy in not required for the priming
of CD8" T cells during LCMV.

An indirect effect of IFNy on target CD8" T cells is also unlikely. It may for instance affect the

quantity of virus-derived antigens presented on MHC I molecules or the quality of the antigen
presentation. However, there was no difference in the virus load between WT and Trail”” mice
at the time point of the assay (day 4; Figure 1C and Figure 4B, revised manuscript). In addition,
we did not find differences in cell frequencies, total numbers or expression of activation

markers for dendritic cells in the early phase of the infection (Figure 3—figure supplement 3).

Therefore, our data support the notion that the improved specific CD8" T cell response in
LCMV-infected Trail’" mice derives from a reduced perforin/granzyme-dependent cytotoxic
function — and not from an increased IFNy secretion — of NK cells. This aspect is discussed in

the revised manuscript.
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Reviewer #2 / Minor comments:

1. Were proper control antibodies (for anti-NK1.1 or asialoGM]I) administered to the non-
depleted group? If not, then additional experiments should be performed with proper controls.
How were the doses of anti-NK1.1 and anti-asialoGM1 selected? Was NK cell depletion
verified? Please change text of Methods, Results, and/or Figure legends to denote answers to
these inquiries.

For studies involving NK cell depletion, we injected saline (PBS) as a negative control. The
dose of the anti-NK1.1 antibody (clone PK136 (31)) was selected based on previous
publications (32-34). For the anti-asialo GM1 antibody, we followed the manufacturer’s
recommendations for the dose to be applied. Importantly, the efficacy of NK cell depletion was

verified and found to be thorough (PBP-Figure 6).

We have accordingly further detailed the Materials and Methods, section on “NK cell

depletions”.
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PBP-Figure 6. Assessment of the efficacy of the used antibody-mediated NK cell depletion
protocol. Mice were injected with NK cell-depleting antibody or saline (PBS) and LCMV. After 24
hours, single-cell suspensions were prepared from spleens and analyzed by flow cytometry. Each flow
cytometry plot represents a distinct animal. Treatment conditions and NK cell frequencies in the spleen
are indicated in the graph. (A) NK cell depletion was performed using 200ug of anti-NK1.1 antibody
injected i.p. on day -3 and day -1 (aNK1.1; clone PK136; lower panels). (B) NK cell depletion was
performed using 20ul of anti-asialo GM1 antibody injected i.p. on day -1 (aGM1; lower panels).
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2. The authors assert that the partial phenotype of Trail-deficiency, relative to NK-depletion,
reflects overlapping roles of NK cells and Trail. This could just as likely represent a separate
effect of NK cell depletion (like enhanced CD4) that masks or overrides the Trail effect.

Detailed discussion of potential interpretations is warranted.

It is indeed possible that NK cell depletion may induce a shift in other immune cell populations,
which may eventually impact the effect of TRAIL on the CD8" T cell response that can be
otherwise observed in NK cell-replete mice. However, we think that this is unlikely to be the

case for the following reasons:

1. In the experimental setup applied, TRAIL appears not to affect the priming of LCMV-
specific CD4" T helper cells (compared to antigen-specific CD8" T cells), and NK cell
depletion similarly increased the expansion and cytokine-secreting activity of these CD4" T

cells in LCMV-infected Trail”” versus WT mice (Figure 2—figure supplement 2).

2. Besides CD4" T cells, dendritic cells (DCs) also represent a critical cell type for the priming
of NK cell-regulated CD8" T cell responses (24, 33). Yet, we did not detect differences in the
phenotype or in the frequencies and numbers of DCs in LCMV-infected Trail”~ versus WT
mice (Figure 3—figure supplement 3). Although we have not directly tested it, we believe that
considering these findings it is unlikely that depletion of NK cells may differently alter the

quality or quantity of DC populations in infected Trail”" versus WT animals.

3. We show now that Trail’”- NK cells are impaired in their ability to eliminate antigen-specific
CD8" T cells in vivo (Figure 4B & C, revised manuscript), and that TRAIL pro-apoptotic
function does not appear to be involved in this NK cell-mediated control of the LCMV-specific
CDS8" T cell response (Figure 4D, revised manuscript). Since the in vivo NK cell-mediated
killing assay displayed in Figure 4B & C (revised manuscript) is of relatively short duration (6
hours), it is unlikely that cells other than NK cells control antigen-specific CD8" T cells in this
setting. In addition, depletion of NK cells in this in vivo NK cell-mediated killing assay
abrogated the difference between Trail’”- and WT mice in terms of CD8" T cell control (Figure
4C, revised manuscript). These data are in agreement with the results presented in Figure 2D
(revised manuscript) and their interpretation, and they argue against a possible “separate effect

of NK cell depletion” on the LCMV-specific CD8" T cell response in Trail”” versus WT mice.

4. Lastly, as an additional remark to this comment: In our reply to major comment #2 of

Reviewer #3 further below, we provide data supporting the conclusion that while TRAIL
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directly regulates NK cell function during inflammation, its immunomodulatory role does not
always result in an altered CD8" T cell response. In other terms, upon infection with the
Armstrong strain of LCMV, the specific CD8" T cell response in Trail’” mice remains
unaffected, while it is increased upon infection with LCMV WE (PBP-Figure 7). Therefore,
the consistent “TRAIL effect” on NK cells may or may not affect the specific CD8" T cell

response, in dependence of the nature of the infecting pathogen.

3. More precision and consistency are needed in Results/Methods/Legends regarding whether

total splenocyte or isolated NK cells are assayed.

We have improved this by adding more information in the figure legends and the methods of
the revised manuscript. We also added some modifications to the result part to avoid possible
confusion on whether whole splenocytes or isolated NK cells were tested.

Importantly, we show now that the signaling downstream of IL-15 receptor is impaired in 7Trail
" versus WT NK cells whether these cells are analyzed after in vitro IL-15 stimulation of whole

splenocytes or whether these cells are first MACS-purified before in vitro IL-15 stimulation

and analysis (Figure 5; Figure 5—figure supplement 1A)

4. In Fig 1C, titers are inappropriately presented and statistics incorrectly applied for day 12.
An undetectable virus load cannot be accurately displayed as 0, but should instead be assigned
a less-than value just below the L.O.D. Your statistics should be recalculated with these values.
Also, not clear if the "**" in spleen viral load plot is incorrectly labeling day 8 when it should

be day 7.
The Figure 1C has been corrected accordingly and is displayed in the new version of the

manuscript.

We addressed the issue on statistics in our reply to minor comment #1 of Reviewer #1 (see

above).

5. In Figure 2C, legend should reflect whether these histograms are gated on NK cells (as

described in results). Either the results or legend need to be edited.

Figure 2C shows TRAIL and TRAIL-R (DR5) surface protein expression on NK cells. This

information has been added to the figure legend of the revised manuscript.
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6. The Tnfsf10-/- mice were originally made in 129 stem cells, such that the low Ly49H
expression could reflect incomplete backcrossing along chromosome 6. The authors should
comment on this and any other potential effects of 129 gene carryover that might impact their
measurements. This possibility may negate many of the arguments discussed in the 2nd

paragraph of the discussion.

Tnfsf10/Trail”~ mice were previously used at our Institute (35) and have been further
backcrossed to a C57BL/6 genetic background for a total of at least 10 times before generating
the data presented in our manuscript. We have indicated this information in the Materials and

Methods, in the section on “mice”.
b

The targeted Tnfsf10/Trail locus in Trail”” mice is located on mouse chromosome 3, while the
Klra8/Ly49h locus is positioned on chromosome 6. Therefore, while the observed low Ly49H
expression may reflect incomplete backcrossing, we think it is unlikely that this would have

happened specifically on chromosome 6 after > 10 rounds of backcrossing.

Please, note that Reviewer #3 also inquired about the genetic background of the Trail”~ mice

used in our study (Reviewer #3, major comment #1).

7. In Figure 4, do E:T reflect "splenocyte" to target or "calculated NK cell within splenocyte"
fo target ratios?

The data in Figure 4A show "calculated NK cell within splenocyte" to target ratios; this
information has been accordingly specified in the new version of our manuscript, in the

Materials and Methods, in the section on “NK cell cytotoxicity assays”.
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Comments of Reviewer #3:

Reviewer #3 / Major comments:

1. Based on the available information (Reference #57), TRAIL-deficient mice used in this work
were initially produced on non-B6 background, then backcrossed only five times to B6 mice.
The manuscript indicates "All mice were maintained on a C57BL/6 genetic background",
which needs to be further clarified. The genetic background of TRAIL-deficient mice and WT

mice should be extensively matched to exclude the possible non-TRAIL-related effects.

This relevant comment has been addressed in our reply to minor comment #6 of Reviewer #2.
In addition, the information on the genetic background of Trail”~ mice is now indicated in the

Materials and Methods, in the section on “mice”.

2. A previous study (Badovinac et al, 20006, not cited) reported that there was no difference in
LCMYV specific CD8+ T cell responses, including GP33-41-specific response, between TRAIL-
deficient mice (backcrossed 10 times to B6) and WT B6 mice. This discrepancy should be

discussed.

Badovinac et al. used the Armstrong (ARM) strain of LCMV as a model of infection (36),
while we used LCMV-WE for our study. To compare the effect of Trail deficiency for the
LCMV-specific CD8" T cell response with these different strains of virus, we transferred
congenic (Trail”*) T cell receptor (TCR) transgenic CDS8" T cells specific for the LCMV
glycoprotein GP33.41 (P14 cells) into WT and Trail”” mice previously infected with a same dose
of LCMV-WE and LCMV-ARM virus (PBP-Figure 7A). Under these conditions, a difference
in the expansion of P14 cells in Trail”” versus WT mice was only observed after infection with
LCMV-WE (PBP-Figure 7B). Therefore, these data are in agreement with the study of

Badovinac et al.

We believe that these Trail-dependent differences in the T cell response with LCMV-WE
compared to LCMV-ARM virus are caused by distinct expansion magnitude or kinetics of
virus-specific CD8" T cells, which are associated with different kinetics of virus replication

between LCMV-WE and LCMV-ARM strains (37).

We present and discuss these findings in the revised manuscript.
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Of note, there are conflicting data on the contribution of NK cells to the antiviral CD8" T cell
response during LCMV-ARM infection, with reports mentioning no role for NK cells (24, 38)
and other studies finding an enhanced specific CD8" T cell response in NK cell-depleted mice

infected with this LCMYV strain (6).

M - W
LCMV-WE or analysis: o 3 I Trait"
LCMV-ARM P14 P14 expansion 8
1 1 1 < 2
I T 1 J
WT or Trait"  dO d2 d4 o
X
0

Naive LCMV-WE LCMV-ARM

PBP-Figure 7. Trail-dependent expansion of virus-specific CD8" T cells is LCMYV strain-specific.
(A) Experimental setup of P14 cell transfer experiments following infection of WT and 7rail”” mice
with the indicated LCMYV strains. (B) P14 cell expansion was analyzed in spleen 4 days post infection
with 10° plaque-forming units (pfu) of LCMV (n=5-6 mice per group of infected mice). Data indicate
mean + SEM. Statistical analyses were performed using unpaired two-tailed ¢ test. *p<0.05.

To address the general relevance of the non-canonical contribution of 7rail for the modulation
of NK cell function in vivo, we also challenged Trail”- and WT mice with polyinosinic-
polycytidylic acid (poly(I:C)), a synthetic analog of double-stranded RNA that mimics viral
infection. In line with the data generated during LCMV infection, the signaling downstream of
IL-15 receptor was also diminished in Trail”- versus WT NK cells in this model of sterile

inflammation (PBP-Figure 8).

Therefore, the immunomodulatory function of 7Trail for NK cells is independent of the infection
with specific LCMV strains. However, the overall effect of this regulatory mechanisms on
CDS8" T cell response appears to be LCMV strain-dependent. Yet, while the effect on the virus-
specific CD8" T cell response is a consequence of the altered NK cell cytotoxicity in LCMV-
infected Trail”” mice, our study rather focuses on the non-canonical, regulatory role of TRAIL

signaling for NK cell function during inflammation.
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PBP-Figure 8. Trail regulates NK cells also during sterile inflammation in vivo. Indicated groups
of mice were injected i.p. with 150ug of polyinosinic-polycytidylic acid (poly(I:C)) and flow cytometry
was applied on splenic NK cells to assess S6 phosphorylation after 14 hours. Data indicate mean + SEM
(n=3 per group of poly(I:C) injected mice). Statistical analyses were performed using unpaired two-
tailed 7 test. *p<0.05.

3. Abstract indicates "Our study reveals...immunoregulatory role of TRAIL signaling on NK
cells for the granzyme B-dependent elimination of antiviral T cells", but no clear evidence to
support this claim was presented in the manuscript. Is there any evidence that TRAIL-deficient
NK and WT NK cells kill directly and differentially LCMV-specific T cells? If not, this could
be misleading and should be rephrased. Additionally, possible direct interactions (e.g., via

activating receptors) between NK and T cells should be discussed.

- Note that a similar comment on the killing of virus-specific CD8" T cells by NK cells was
raised by Reviewer #1 (major comment #1 and #3) and Reviewer #2 (major comment #4). This
issue was addressed above, as a reply to the major comment # 4 of Reviewer #2, and in Figure
4C of the new version of the manuscript, which shows that Trail”- NK cells have an impaired
ability to eliminate LCMV-specific CD8" T cells in vivo, compared to WT NK cells. Our data
suggest that this phenotype is caused by a reduced ability of activated Trail”- NK cells to

mediate perforin/granzyme-dependent target cell lysis.

- Previous studies have shown that NK cells recognize activated LCMV-specific T cells via
interactions between NKG2D (7) or NKp46/NCR1 (8) on NK cells and their respective ligands
on target T cells. Since we did not find differences in the expression of these and other possibly
relevant receptors on Trail”- versus WT NK cells during LCMV infection (Figure 4—figure
supplement 1), we infer in the discussion that “... TRAIL has only minor effects — if any — on
NK cell development and that it likely does not alter the ability of NK cells to recognize

activated T cells”.
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4. Examination of granzyme B expression, pAKT/pS6 and NKI.I-induced IFNgamma
production following adoptive transfer (eg, Fig. 7D, and transfer of TRAIL-deficient spleen
cells into WT mice) may yield informative data. NKI.I-crosslinking experiments were
performed on MACS-purified DX5+ cells (Fig. 5 Suppl. 3D), but more accurate data might be

produced with whole splenocytes with less complications.

- A similar comment on GZMB and IFNy expression after adoptive transfer (in the
experimental setup showed in Figure 7C and D) was raised by Reviewer #2, which we

addressed above (Reviewer #2, major comment #3).

- We MACS-purified NK cells (based on positive selection of CD49B/DX5" cells) to minimize
a possible influence on these cells by activated NKT cells. Indeed, NKT cells also express
NKI1.1 and produce IFNy upon crosslinking of NK1.1 (39, 40). Yet it is also true that some
NKT cells also express CD49B (41). Nevertheless, flow cytometry data in Figure 5—figure
supplement 2D show bona fide NK cells and exclude CD3" NKT cells.

We have also performed NK1.1 crosslinking experiments on whole splenocytes, yet could not

see activation of NK cells in such conditions (data not shown).
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1st Editorial Decision 21 August 2019

Thank you for the transfer of your revised research manuscript to EMBO reports. We have now
received the reports from the three referees that were asked to evaluate your revised manuscript,
which can be found at the end of this email.

As you will see, all three referees support the publication of your manuscript in EMBO reports, and
indicate the concerns raised during a previous round of peer review at a journal outside EMBO press
have been adequately addressed.

Before we can proceed with formal acceptance, several editorial points need to be addressed in a
final revised version of the manuscript. Please also carefully review the instructions that follow
below. Failure to include requested items will delay the acceptance and publication of your study.

When submitting your final revised manuscript, we will require:

1) a .docx formatted version of the final manuscript text (including legends for main figures, EV
figures and tables), but without the figures included. Please make sure that the changes are
highlighted to be clearly visible. Figure legends should be compiled at the end of the manuscript
text.

2) individual production quality figure files as .eps, .tif, .jpg (one file per figure), of main figures and
EV figures. Please upload these as separate, individual files upon re-submission.

The Expanded View format, which will be displayed in the main HTML of the paper in a collapsible
format, has replaced the Supplementary information. You can submit up to 5 images as Expanded
View. Please follow the nomenclature Figure EV1, Figure EV2 etc. The figure legend for these
should be included in the main manuscript document file in a section called Expanded View Figure
Legends after the main Figure Legends section. Additional Supplementary material should be
supplied as a single pdf labeled Appendix. The Appendix should have page numbers and needs to
include a table of content on the first page (with page numbers) and legends for all content. Please
follow the nomenclature Appendix Figure Sx, Appendix Table Sx etc. throughout the text, and also
label the figures and tables according to this nomenclature, and update all call-outs accordingly.

For more details please refer to our guide to authors:
http://www.embopress.org/page/journal/14693178/authorguide#manuscriptpreparation

See also our guide for figure preparation:
http://wol-prod-cdn.literatumonline.com/pb-assets/embo-
site/EMBOPress_Figure_Guidelines 061115-1561436025777.pdf

3) a complete author checklist, which you can download from our author guidelines
(https://www.embopress.org/page/journal/14693178/authorguide). Please insert page numbers in the
checklist to indicate where the requested information can be found in the manuscript. The completed
author checklist will also be part of the RPF.

Please also follow our guidelines for the use of living organisms, and the respective reporting
guidelines: http://www.embopress.org/page/journal/14693178/authorguide#livingorganisms

4) that primary datasets produced in this study (e.g. the RNA-seq. data) are deposited in an
appropriate public database. See: http://embor.embopress.org/authorguide#datadeposition

Please remember to provide a reviewer password if the datasets are not yet public.
The accession numbers and database should be listed in a formal "Data Availability " section

(placed after Materials & Methods) that follows the model below. Please note that the Data
Availability Section is restricted to new primary data that are part of this study.
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# Data availability
The datasets produced in this study are available in the following databases:

- RNA-Seq data: Gene Expression Omnibus GSE46843
(https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE46843)

- [data type]: [name of the resource] [accession number/identifier/doi] ([URL or
identifiers.org/DATABASE:ACCESSION])

*** Note - All links should resolve to a page where the data can be accessed. ***
Moreover, I have these editorial requests:

5) We strongly encourage the publication of original source data with the aim of making primary
data more accessible and transparent to the reader. The source data will be published in a separate
source data file online along with the accepted manuscript and will be linked to the relevant figure.
If you would like to use this opportunity, please submit the source data (for example scans of entire
gels or blots, data points of graphs in an excel sheet, additional images, etc.) of your key
experiments together with the revised manuscript. If you want to provide source data, please include
size markers for scans of entire gels, label the scans with figure and panel number, and send one
PDF file per figure.

6) Our journal encourages inclusion of *data citations in the reference list* to directly cite datasets
that were re-used and obtained from public databases. Data citations in the article text are distinct
from normal bibliographical citations and should directly link to the database records from which
the data can be accessed. In the main text, data citations are formatted as follows: "Data ref: Smith et
al, 2001" or "Data ref: NCBI Sequence Read Archive PRINA342805, 2017". In the Reference list,
data citations must be labeled with "[DATASET]". A data reference must provide the database
name, accession number/identifiers and a resolvable link to the landing page from which the data
can be accessed at the end of the reference. Further instructions are available at:
http://www.embopress.org/page/journal/14693178/authorguide#referencesformat

7) Regarding data quantification and statistics, can you please specify, where applicable, the number
"n" for how many independent experiments (biological replicates) were performed, the bars and
error bars (e.g. SEM, SD) and the test used to calculate p-values in the respective figure legends.
Please provide statistical testing where applicable, and also add a paragraph detailing this to the
methods section. See:
http://www.embopress.org/page/journal/14693178/authorguide#statisticalanalysis

8) Per journal policy, we do not allow 'data not shown'. All data referred to in the paper should be
displayed in the main or Expanded View figures, or the Appendix. Thus, please add these data (or
change the text accordingly, if these data are not important). See:
http://embor.embopress.org/authorguide#unpublisheddata

9) Please add up to five key words to the title page.

10) Please add a paragraph named 'Author contributions' to the manuscript text (before the
acknowledgements) that defines the contributions of each author.

11) Please add the funding information also directly into our submission system upon re-submission.

In addition I would need from you:

- a short, two-sentence summary of the manuscript

- two to three bullet points highlighting the key findings of your study

- a schematic summary figure (in jpeg or tiff format with the exact width of 550 pixels and a height
of not more than 400 pixels) that can be used as a visual synopsis on our website.

I look forward to seeing a revised version of your manuscript when it is ready. Please let me know if
you have questions or comments regarding the revision.
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REFEREE REPORTS
Referee #1:

The authors present a revised version of their intriguing description of an NK-cell extrinsic role of
TRAIL in engaging TRAIL-R on NK cells to support IL-15 triggering of GzmB expression. The
consequences of this are increased IFN-g and suppression of the CD8 T cell response against the
virus. This is a new mechanism of broad interest to those aiming to understand immunoregulatory
functions of NK cells and the environmental mechanisms contributing to functionality of NK cells
during inflammation. The authors' additional experiments to address reviewer criticisms and
improve the readability of the paper were outstanding. Sufficient information is present in a logical
fashion for any reader to appreciate and critique the validity of the results. Some minor curiosities
remain, but any more data would overencumber the manuscript and therefore these points should be
left for subsequent manuscripts. I congratulate the authors and look forward to seeing this
manuscript in print.

Referee #2:

All of my comments have been adequately addressed.

Referee #3:

This manuscript has already been extensively reviewed. I believe that the authors have satisfactorily
addressed most of the concerns of the previous reviewers. For technical reasons some of the
experiments attempted to address the reviewers' criticisms were not possible or not entirely
conclusive. However, on the whole the authors provide sufficient, good quality evidence in my
opinion to support their conclusions that TRAIL has a non-apoptotic function via non canonical
signaling to enhance IL-15 signaling, thereby promoting enhanced Granzyme B content and
cytotoxicity while simultaneously down regulating IFN gamma. I found the revised manuscript to be
clear and easy to understand and feel that it merits publication in its present form.

1st Revision - authors' response 24 September 2019

The authors addressed the editorial requests.

2nd Editorial Decision 8 October 2019

Thank you for the submission of your revised manuscript to our editorial offices. Before we can
proceed with formal acceptance, I have these few editorial requests that need to be addressed:

- Please remove the synopsis blurb and the bullet points from the main manuscript text. I have saved
these separately, and will forward them to our publisher after acceptance of the study.

- Panel E is mentioned twice in the legend of Fig. 2. Please check.

- Please call out the single panels in Fig. EV2 in the manuscript text.

- Please upload the source data for Figs. EV2 and EV3 in separate files (named Source Data Figure
EV2 and Source Data Figure EV3). These files will be linked to the respective figures online, and
thus need to be separate. Please also call these files out separately, if mentioned in the manuscript

text.

- The writing in the synopsis image if sized as it will appear online (see attached) is partially rather
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small. Please provide the synopsis image with bigger fonts.

- Finally, please find attached a word file of the manuscript text (provided by our publisher) with
changes we ask you to include in your final manuscript text, and some queries, we ask you to
address. Please provide your final manuscript file with track changes, in order that we can see the
modifications done.

I look forward to seeing the final revised version of your manuscript when it is ready. Please let me
know if you have questions regarding the revision.

2nd Revision - authors' response 16 October 2019

The authors addressed the final editorial requests.

© European Molecular Biology Organization
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http://www.antibodypedia.com

Reporting Checklist For Life Sciences Articles (Rev. June 2017)

This checklist is used to ensure good reporting standards and to improve the reproducibility of published results. These guidelines are
consistent with the Principles and Guidelines for Reporting Preclinical Research issued by the NIH in 2014. Please follow the journal’s
authorship guidelines in preparing your manuscript.

A- Figures
1. Data
The data shown in figures should satisfy the following conditions:

= the data were obtained and processed according to the field’s best practice and are presented to reflect the results of the
experiments in an accurate and unbiased manner.
figure panels include only data points, measurements or observations that can be compared to each other in a scientifically
meaningful way.
graphs include clearly labeled error bars for independent experiments and sample sizes. Unless justified, error bars should
not be shown for technical replicates.
if n< 5, the individual data points from each experiment should be plotted and any statistical test employed should be
justified
Source Data should be included to report the data underlying graphs. Please follow the guidelines set out in the author ship
guidelines on Data Presentation.

>

2. Captions

Each figure caption should contain the following information, for each panel where they are relevant:

> a specification of the experimental system investigated (eg cell line, species name).
the assay(s) and method(s) used to carry out the reported observations and measurements
an explicit mention of the biological and chemical entity(ies) that are being measured.

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

the exact sample size (n) for each experimental group/condition, given as a number, not a range;
a description of the sample collection allowing the reader to understand whether the samples represent technical or
biological replicates (including how many animals, litters, cultures, etc.).

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

definitions of statistical methods and measures:

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

are tests one-sided or two-sided?

are there adjustments for multiple comparisons?

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

definition of ‘center values’ as median or average;

definition of error bars as s.d. or s.e.m.

>
>
>
>
>
>
>

Any descriptions too long for the figure legend should be included in the methods section and/or with the source data.

In the pink boxes below, please ensure that the answers to the following questions are reported in the manuscript itself.
Every question should be answered. If the question is not relevant to your research, please write NA (non applicable).

We encourage you to include a specific subsection in the methods section for statistics, reagents, animal models and
human subjects.

http://1degreebio.org

http://www.equator-network.org/reporting-guidelines/improving-bioscience-research-repo

http://grants.nih.gov/grants/olaw/olaw.htm
http://www.mrc.ac.uk/Ourresearch/Ethicsresearchguidance/Useofanimals/index.htm
http://ClinicalTrials.gov
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B- Statistics and general methods

Please fill out these boxes W (Do not worry if you cannot see all your text once you press retur

1.a. How was the sample size chosen to ensure adequate power to detect a pre-specified effect size?

Not specified.

1.b. For animal studies, include a statement about sample size estimate even if no statistical methods were used.

Sample size for in vivo studies was estimated by power analysis and adjusted for beta = 0.2, with
the assumption that differences between the groups were 1.5-2 fold. This information is indicated
in the section Materials and Methods > Statistical analysis

2. Describe inclusion/exclusion criteria if samples or animals were excluded from the analysis. Were the criteria pre-
established?

In general, no samples or animals were excluded from the analysis. Controls were used to
determine whether a specific experiment or analysis was technically sound or not. Samples
showing obvious technical artefacts were not included into the analysis.

3. Were any steps taken to minimize the effects of subjective bias when allocating animals/samples to treatment (e.g.
randomization procedure)? If yes, please describe.

For all experiments (comparing different strains), non-randomized groups of 8-12 week old
females or males were used. This information is indicated in the section Materials and Methods >
Mice. For a same mouse strain, mice were randomly selected and allocated to either control or
experimental groups. Mice between groups were sex- and age-matched.

For animal studies, include a about r was used.

For all experiments, non-randomized groups of 8-12 week old females or males were used. This
information is indicated in the section Materials and Methods > Mice

4.a. Were any steps taken to minimize the effects of subjective bias during group allocation or/and when assessing results|
(e.g. blinding of the investigator)? If yes please describe.

4.b. For animal studies, include a statement about blinding even if no blinding was done

 The results from animal experiments were measured using standard devices that were calibrated
to avoid possible biases and minimize variations between independent experiments.

5. For every figure, are statistical tests justified as appropriate?

Statistical tests were selected based on the variation in each data group and on whether multiple
comparisons were performed. Groups with similar variance were compared using parametric
tests; groups with significantly different variations were analyzed using non-parametric tests. For
datasets including several time points, tests were selected based on the type of variance present
in the majority of the time points. This information is indicated in the section Materials and
Methods > Statistical analysis. For each datasets displayed on a figure, the corr legend
provides an indication on whether a statistical analysis was applied.

Do the data meet the assumptions of the tests (e.g., normal distribution)? Describe any methods used to assess it.

Whenever possible, results were tested for normal distribution using D'Agostino and Pearson
omnibus normality test. When sample sizes were too low to allow such test, single data points
were plotted and assessed visually for their type of distribution.




Is there an estimate of variation within each group of data?

Yes; error bars indicate s.e.m.

Is the variance similar between the groups that are being statistically compared?

If variances between groups were different, appropriate corrections were used, which are
indicated in the figure legends.

C- Reagents

D- Animal

6. To show that antibodies were profiled for use in the system under study (assay and species), provide a citation, catalog
number and/or clone number, supplementary information or reference to an antibody validation profile. e.g.,
Antibodypedia (see link list at top right), 1DegreeBio (see link list at top right).

The required information is summarised in Appendix Table S1.

7. Identify the source of cell lines and report if they were recently authenticated (e.g., by STR profiling) and tested for
mycoplasma contamination.

Human NK-92 cells were initially obtained from ATCC and kindly provided to us by Eva Szegezdi
(NUI Galway, Ireland). Cell lines were tested negative for mycoplasma. This information is
indicated in the section Materials and Methods > In vitro experiments using NK-92 cells.

* for all hyperlinks, please see the table at the top right of the document

| Models

8. Report species, strain, gender, age of animals and genetic modification status where applicable. Please detail housing
and husbandry conditions and the source of animals.

This information is indicated in the section Materials and Methods > Mice.

9. For experiments involving live vertebrates, include a of e with ethical

[committee(s) approving the experiments.

and identify the

Animal experiments were carried out in compliance with the ARRIVE reporting guidelines. All
experiments were performed in accordance with Swiss Federal regulations and were approved by
the Cantonal Veterinary Office of Bern, Switzerland. This information is indicated in the section
Materials and Methods > Mice.

10. We recommend consulting the ARRIVE guidelines (see link list at top right) (PLoS Biol. 8(6), €1000412, 2010) to ensure
that other relevant aspects of animal studies are adequately reported. See author guidelines, under ‘Reporting
Guidelines’. See also: NIH (see link list at top right) and MRC (see link list at top right) recommendations. Please confirm
[compliance.

[Animal experiments were carried out in compliance with the ARRIVE reporting guidelines. This
information is indicated in the section Materials and Methods > Mice.

E- Human Subjects

F- Data A

G- Dual u:

11. Identify the committee(s) approving the study protocol.

Whole blood samples from health donors were obtained from Interregional Blood Transfusion SCR
Ltd, Bern, Switzerland, under the signed consent of the donors and in agreement with the local
legislation. This information is indicated in the section Materials and Methods > In vitro cytokine
stimulation of NK cells and TRAIL signaling inhibition studies.

12. Include a statement confirming that informed consent was obtained from all subjects and that the experiments
conformed to the principles set out in the WMA Declaration of Helsinki and the Department of Health and Human
Services Belmont Report.

Whole blood samples from health donors were obtained from Interregional Blood Transfusion SCR
Ltd, Bern, Switzerland, under the signed consent of the donors and in agreement with the local
legislation. This information is indicated in the section Materials and Methods > In vitro cytokine
stimulation of NK cells and TRAIL signaling inhibition studies.

top right). See author guidelines, under ‘Reporting Guidelines’. Please confirm you have followed these guidelines.

13. For publication of patient photos, include a statement confirming that consent to publish was obtained. N/A
14. Report any restrictions on the availability (and/or on the use) of human data or samples. N/A
15. Report the clinical trial registration number (at ClinicalTrials.gov or equivalent), where applicable. N/A
16. For phase Il and Il randomized controlled trials, please refer to the CONSORT flow diagram (see link list at top right) [N/A
and submit the CONSORT checklist (see link list at top right) with your submission. See author guidelines, under

‘Reporting Guidelines’. Please confirm you have submitted this list.

17. For tumor marker prognostic studies, we recommend that you follow the REMARK reporting guidelines (see link list at [N/A

ccessibility

18: Provide a “Data Availability” section at the end of the Materials & Methods, listing the accession codes for data
generated in this study and deposited in a public database (e.g. RNA-Seq data: Gene Expression Omnibus GSE39462,
Proteomics data: PRIDE PXD000208 etc.) Please refer to our author guidelines for ‘Data Deposition’.

Data deposition in a public repository is mandatory for:
a. Protein, DNA and RNA sequences

b. Macromolecular structures

c. Crystallographic data for small molecules

d. Functional genomics data

le. Proteomics and molecular interactions

RNA sequencing data form WT versus Trail-/- splenic NK cells can be downloaded from the
ArrayExpress Archive of Functional Genomics Data
(https://www.ebi.ac.uk/arrayexpress/experiments/E-MTAB-7562/; name: “Comparison of Trail+/+
versus Trail-/- splenic NK cells from naive and LCMV-infected mice”. This information is indicated
in the section Data availability.

respecting ethical obligations to the patients and relevant medical and legal issues. If practically possible and compatible
with the individual consent agreement used in the study, such data should be deposited in one of the major public access-
controlled repositories such as dbGAP (see link list at top right) or EGA (see link list at top right).

19. Deposition is strongly recommended for any datasets that are central and integral to the study; please consider the ~ |N/A
journal’s data policy. If no structured public repository exists for a given data type, we encourage the provision of

datasets in the manuscript as a Supplementary Document (see author guidelines under ‘Expanded View’ or in

unstructured repositories such as Dryad (see link list at top right) or Figshare (see link list at top right).

20. Access to human clinical and genomic datasets should be provided with as few restrictions as possible while N/A

21. Computational models that are central and integral to a study should be shared without restrictions and provided in a
machine-readable form. The relevant accession numbers or links should be provided. When possible, standardized
format (SBML, CellML) should be used instead of scripts (e.g. MATLAB). Authors are strongly encouraged to follow the
MIRIAM guidelines (see link list at top right) and deposit their model in a public database such as Biomodels (see link list
at top right) or JWS Online (see link list at top right). If computer source code is provided with the paper, it should be
deposited in a public repository or included in y information.

The approaches and plaforms used to analyze the RNA seq. data have been published and are
indicated in the sections Materials and Methods > Computational analysis of RNA sequencing
data; Materials and Methods > Pathway analysis.

se research of concern

22. Could your study fall under dual use research restrictions? Please check biosecurity documents (see link list at top
right) and list of select agents and toxins (APHIS/CDC) (see link list at top right). According to our biosecurity guidelines,
provide a statement only if it could.
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