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Version 1:
Reviewer comments:
Reviewer #1

(Remarks to the Author)

This manuscript addresses a significant topic concerning the interplay between the long-term effectiveness of adoptive cell
therapy (ACT) and lymphodepleting preconditioning. The authors illustrate that ACT-induced host CD8+ T cell immunity
offers protection against rechallenge with ACT-resistant melanoma cells that lack the targeted antigen, a protection which is
compromised by lymphodepleting preconditioning using cyclophosphamide (CTX). Despite the observation of a TNF-a- and
cDC1-dependent accumulation of intratumoral endogenous CD8+ T cells and subsequent tumor elimination following ACT,
there are notable concerns regarding the overall novelty and impact of the manuscript.

Specific comments:

1. The manuscript primarily provides descriptive accounts without offering novel mechanistic insights into the significance of
cDC1 recruitment, TNF-a signaling involvement, and ACT resistance in melanoma. Much of the experimental data appears
predictable and aligns with existing studies in the field. A crucial aspect left unclear is the mechanism by which ACT
facilitates cDC1 recruitment and activates TNF-a signaling to engage with endogenous CD8+ T cells. While the authors
propose a role for TNF-a produced by transferred CD8+ T cells in stimulating cDC1 to enhance endogenous CD8+ T cell
immunity, this assertion lacks substantiating evidence. Moreover, the manuscript fails to present data demonstrating whether
deletion of cDC1 or blockade of TNF-a would impact host protection against rechallenge with ACT-resistant melanoma
cells. As such, the results presented in the manuscript only marginally advance our understanding of cDC1-mediated
endogenous CD8+ T cell immunity in the context of ACT.

2. While it's evident from Figure 6 that lymphodepleting preconditioning abolishes long-term host antitumor immunity,
correlating with the depletion of endogenous CD8+ T cells, the study falls short in providing crucial evidence to underscore
the essential role of endogenous CD8+ T cells and other immune populations in the context of ACT. It's acknowledged that
lymphodepletion transiently reduces endogenous CD8+ T cells and alters other immune subsets. Growing evidence
indicates dynamic changes in dendritic cells (DCs) and myeloid-derived suppressor cells (MDSCs) following
lymphodepletion, leading to a biphasic effect on both endogenous and transferred CD8+ T cells, thereby influencing ACT
efficacy and resistance. Furthermore, the validation of lymphodepleting preconditioning's effect could be strengthened by
employing sublethal total body irradiation (TBI). Such an approach would provide additional insight into the mechanisms
underlying the observed alterations in immune cell populations and theirimpact on ACT outcomes.

3. The animal studies predominantly centered on a single tumor model, B16-OVA, coupled with OT1 ACT. This narrow
focus may introduce ambiguity in data interpretation and limit the generalizability of findings due to the artificial nature of the
model antigen OVA. Incorporating additional tumor models that are more clinically relevantto ACT would enhance the
robustness of the conclusions drawn from the study and bolster its therapeutic implications.

4. The Tdif subsets exhibit characteristics of an exhausted phenotype. It is unexpected to observe that the Tpex gene
signature correlates with improved survival in a larger cohort of melanoma patients (SKCM) from The Cancer Genome Atlas
(TCGA) database, as depicted in Fig. 7b. Numerous studies have consistently shown that the presence ofa T cell
exhaustion signature is associated with immunotherapy resistance and unfavorable prognosis across various cancer types,
necessitating clarification. Moreover, it would be beneficial to specify the immune resistance signature in order to better
understand its implications within this context.

Reviewer #2



(Remarks to the Author)

In this study, Figueroa et al. investigated the impact of Adoptive Cell Therapy (ACT) on endogenous CD8 T cell activation,
finding that TNFa induction by ACT promoted CD8 accumulation in tumors and cross-presentation with DCs. The authors
also reported that lymphodepletion, while promoting the ACT expansion, dampened the engagement of the host immune
cells.

Most of the manuscript focuses on discussing the antitumor function of OT-I CD8 cells (in the context of ACT) against B16
melanoma tumors expressing OT-I and the role of endogenous immune cells. This is not a novel finding as there are already
many reports from various groups highlighting the function of adoptively transferred cells (TCR or CAR) and their interplay
with endogenous immune cells, which in mouse models has resulted in eradication of antigen negative clones.

Authors further reported the role of TNFa in the induction of endogenous immunity in the context of ACT treatment. Recent
reports have highlighted the role of IL12 and IFNy in the induction endogenous immunity post ACT. In addition, the role of
Tpex population and its interaction with DC1 population has been extensively studied and reported in a recent paper in Cell.
Have the authors evaluated the role of IL12, IFNy or IL18 cytokines? And is the impact of TNFo more important than IFN
pathway related cytokines?

CD4 population has been shown to play a major role in the context of ACT (TCR or CAR), especially as it interacts with
myeloid population specifically DC through MHCII. Authors highlighted the role of endogenous CD8 T cells in eliminating
the ACT-resistant tumors. Do the authors have any insights on the role of CD4 T cells in these studies?

The observation regarding lymphodepletion dampening the endogenous immune response is noteworthy as
lymphodepletion is a regimen heavily used prior to ACT. This observation may have an important impact clinically.
However, authors should consider modifying the timing of ACT relative to lymphodepletion treatment which could
circumvent the issue. Meaning if the timing of ACT relative to lymphodepletion treatment is changed, will it allow for the
reconstitution of endogenous T cells and potential induction of endogenous immunity while retaining the expansion and
persistence of adoptively transferred cells. Perhaps, timepoint analyses to show when the endogenous immune cells (and
what immune subsets) re-emerge post lymphodepletion is required to better understand the timing for the ACT. Also, would
these findings be relevant in a second tumor model or is it unique to B16? Overall considering the clinical impact, these
results warrant more comprehensive evaluation.

Reviewer #3

(Remarks to the Author)

Figueroa and colleagues report on the role of non-transferred CD8 T cells in adoptive T cell therapy. They use a mouse
model of ACT with OVA-specific T cells (OT1). The authors support their findings in mice by analysis of previously published
datasets from patients. Major issues should be addressed before publication of this manuscript.

1. The authors base all their conclusions on 1 mouse model that is not reflecting clinical treatment with TILs. It is therefore
not correct to conclude that lymphodepleting chemotherapy has a negative effect on TIL treatment that has been established
in multiple clinical trials. Additional mouse models are needed to support the claim by the authors.

2. The mouse model used by the authors uses a transgenic receptor and is not based on various T cell clones that are
usually transferred in a TIL transfer. Additional mouse models are needed to support the claims of the authors.

3. The gating strategy for Tdif and Tpex should be revised as in the Gzm negative T cell population, a fraction expresses
TCF1 corresponding to mixed T cell population. All subsequent figures are based on this gating strategy.

Version 2:

Reviewer comments:

Reviewer #1

(Remarks to the Author)
The MS has been improved by adding animal experiments. | have no further comments.

Reviewer #3

(Remarks to the Author)

Although the authors have responded to my questions the animal models are quite artificial and various lympho-depleting
chemotherapies have been tested in ACTs in humans. The authors should note that their data is only validated in mouse
models (also in the title) and this finding has to be analyzed in patients.

The authors also claim the cross-presentation is involved but only interference with TNFalpha pathway is experimentally
shown. | believe that the authors should re-write their conclusions on this set of experiments.

Reviewer #4



(Remarks to the Author)
Editorial Note; this reviewer was recruited and is providing a mediation on behalf of the absent reviewer 2 this round.

After reviewing this, | think the author did address all the previous reviewer’s questions.

This study provides compelling evidence that durable antitumor responses to adoptive CD8* T cell therapy depend on the
hostimmune system and are mediated through a TNF o—driven cDC1-CD8* T cell axis. It also highlights the unintended
consequence of lymphodepleting preconditioning on long term immunity. The work confirmed many previous studies reveal
the impact of ACT on endogenous anti-tumor T cell responses and has potential implications for improving clinical ACT
protocols.

The authors could broaden the translational impact by exploring following area.

» The phenotypic analysis focused primarily on T cells (transferred vs host CD8+* T cells) and dendritic cells. While this panel
is extensive for T-cell exhaustion states, the study gave less attention to other immune subsets. For example, the authors
note that lymphodepletion caused a “profound reduction across all CD45* immune cell populations” in tumors, but the gating
strategy for subsets like myeloid cells, NK cells, or B cells is not shown in detail. The characterization of other cells (e.g.
MDSCs defined by CD11b+Gr1+, or tumor-associated macrophages) need improvement.

* The study’s assessment of long-term immunity was mainly through a single tumor rechallenge after primary tumor
clearance. Mice that eradicated B16-OVA tumors were rechallenged with wild-type B16 (lacking OVA) to test memory

response to antigen-loss variants. While this demonstrated the protection, it's unclear the impact on memory CD8 T cell
differentiation. Can transferred or endogenous CD8 T cells become tissue resident memory cells?

Version 3:
Reviewer comments:

Reviewer #3

(Remarks to the Author)
All my questions have been addressed in the revised manuscript.

Reviewer #4

(Remarks to the Author)
The authors have adequately addressed all of my concerns, and | have no further comments.
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REVIEWER COMMENTS
Reviewer #1 (Remarks to the Author):

This manuscript addresses a significant topic concerning the interplay between the long-term
effectiveness of adoptive cell therapy (ACT) and lymphodepleting preconditioning. The authors
illustrate that ACT-induced host CD8+ T cell immunity offers protection against rechallenge with
ACT-resistant melanoma cells that lack the targeted antigen, a protection which is compromised
by lymphodepleting preconditioning using cyclophosphamide (CTX). Despite the observation of
a TNF-a- and cDC1l-dependent accumulation of intratumoral endogenous CD8+ T cells and
subsequent tumor elimination following ACT, there are notable concerns regarding the overall
novelty and impact of the manuscript.

Specific comments:

1. The manuscript primarily provides descriptive accounts without offering novel mechanistic
insights into the significance of cDC1 recruitment, TNF-a signaling involvement, and ACT
resistance in melanoma. Much of the experimental data appears predictable and aligns with
existing studies in the field. A crucial aspect left unclear is the mechanism by which ACT
facilitates cDC1 recruitment and activates TNF-a signaling to engage with endogenous CD8+ T
cells. While the authors propose a role for TNF-a produced by transferred CD8+ T cells in
stimulating ¢cDC1 to enhance endogenous CD8+ T cell immunity, this assertion lacks
substantiating evidence.

Moreover, the manuscript fails to present data demonstrating whether deletion of cDC1 or
blockade of TNF-a would impact host protection against rechallenge with ACT-resistant
melanoma cells. As such, the results presented in the manuscript only marginally advance our
understanding of cDC1-mediated endogenous CD8+ T cell immunity in the context of ACT.

As noted by the reviewer, our results align with emerging studies highlighting a key role of the host
immune system in the context of ACT. We acknowledge the reviewer's comment regarding the need for
more robust evidence to delineate the TNF-dependent mechanism and demonstrating whether deletion
of cDC1 or blockade of TNF-a would impact host protection against rechallenge with ACT-resistant cells.
To dissect the contribution of TNF-a produced by adoptively transferred cells, we generated TNF-KO OTI
mice by crossing OTI mice with TNF-KO mice obtained from Jackson (www.jax.org). We observed that
ACT with TNF-KO OTI CD8* T cells did not promote accumulation of host CD8* T cells (Figure 3b) or
cDC1 maturation (Figure 3f-i), resulting in reduced primary tumor elimination (Figure 3c; Supplementary
figure 4b; survival rate: 42%), as compared to mice treated with WT OTI CD8* T cells (Figure 3c;
Supplementary figure 4b; survival rate: 100%). Similar results were obtained in ACT-treated mice that
received the anti TNF-a blocking antibody. These results indicate that TNF-a derived from transferred
cells induces host CD8* T cell expansion and cDC1 maturation, promoting the control of primary tumors.

Also, we evaluated whether CD8* T cell-derived TNF-a would impact host protection against rechallenge
with ACT-resistant melanoma cells. To this end, mice that survived following ACT with TNF-KO OTI CD8*
T cells were rechallenged with B16F10 cells (Figure 3d). As expected, these mice were not protected
and all developed tumors (Figure 3e; Supplementary figure 4c), confirming a key role for TNF-a produced
by transferred CD8* T cells in inducing host protection against ACT-resistant tumor cells. We were unable
to do rechallenge experiments in the case of cDC1 deletion, since LangDTR mice (+DTx) treated with
ACT did not eliminate primary tumors. Collectively, these results indicate that TNF-a produced by
transferred CD8* T cells stimulate cDC1 and enhance endogenous CD8* T cell immunity to protect



against ACT-resistant tumor cells. These results provide novel mechanistic insights that highlight TNF-a
as a key effector cytokine orchestrating the crosstalk between adoptively transferred and host CD8* T
cells leading to the elimination of primary tumors and protection against ACT-resistant tumor cells.

2. While it's evident from Figure 6 that lymphodepleting preconditioning abolishes long-term host
antitumor immunity, correlating with the depletion of endogenous CD8+ T cells, the study falls
short in providing crucial evidence to underscore the essential role of endogenous CD8+ T cells
and other immune populations in the context of ACT. It's acknowledged that lymphodepletion
transiently reduces endogenous CD8+ T cells and alters other immune subsets. Growing
evidence indicates dynamic changes in dendritic cells (DCs) and myeloid-derived suppressor
cells (MDSCs) following lymphodepletion, leading to a biphasic effect on both endogenous and
transferred CD8+ T cells, thereby influencing ACT efficacy and resistance. Furthermore, the
validation of lymphodepleting preconditioning's effect could be strengthened by employing
sublethal total body irradiation (TBI). Such an approach would provide additional insight into the
mechanisms underlying the observed alterations in immune cell populations and their impact on
ACT outcomes.

We agree with the reviewer on the importance of providing additional mechanistic insights on how
lymphodepletion-induced alterations in immune cell populations may impact ACT outcomes. To this end,
we analyzed the dynamic changes in different immune cells, including CD8* T cell and DC populations,
in tumors and draining lymph nodes at two timepoints after cyclophosphamide treatment by flow
cytometry (Figure 4a). As expected, we observed a marked reduction of all immune populations four days
after cyclophosphamide treatment in both tumors (Figure 4b-e; Supplementary figure 8b) and lymph
nodes (Figure 4f-i; Supplementary figure 8d). At 27 days post-cyclophosphamide treatment, tumors
exhibited poor infiltration by CD45* cells and all immune cell subsets (Figure 4c; Supplementary figure
8Db), reminiscing of a “cold” tumor. In contrast, the numbers of most immune cell populations in the lymph
nodes were restored and comparable to baseline levels (Supplementary figure 8d). However, CD8* T
cells and cDC1, although partially restored, remained reduced relative to untreated control (Figure 4f-i).
Notably, we observed that the numbers and proportion of PD-1* CD8* T cells were drastically reduced in
both tumors (Figure 4b, c) and draining lymph nodes (Figure 4f, g), which is indicative of impaired priming
of CD8* T cells. These results indicate that cyclophosphamide can induce a long-lasting impairment of
antitumor immunity. Unfortunately, we were unable to test sublethal total body irradiation as another
lymphodepleting preconditioning regimen due to the lack of appropriate facility in our center. The only
facility that we have had access to in the past, the Chilean Commission for Nuclear Energy
(https://www.cchen.cl/), does not longer provide the service of irradiating experimentation animals. As an
alternative to strengthen our conclusions, we tested lymphodepleting preconditioning using low dose of
cyclophosphamide aiming to better preserve the immune system (1). We observed that low dose
cyclophosphamide also abrogated long-term protection against ACT-resistant tumor cells
(Supplementary figure 10 d, e), indicating that even mild lymphodepleting preconditioning impairs long-
term antitumor immunity. Collectively, our findings reveal that lymphodepleting preconditioning impairs
host antitumor immunity, undermining long-term ACT efficacy, which may ultimately favor resistance to
ACT.



https://www.cchen.cl/

3. The animal studies predominantly centered on a single tumor model, B16-OVA, coupled with
OT1 ACT. This narrow focus may introduce ambiguity in data interpretation and limit the
generalizability of findings due to the artificial nature of the model antigen OVA. Incorporating
additional tumor models that are more clinically relevant to ACT would enhance the robustness
of the conclusions drawn from the study and bolster its therapeutic implications.

We also agreed with the reviewer on the need to incorporate additional tumor models that are more
clinically relevant to ACT, to enhance the robustness of the conclusions and bolster therapeutic
implications. To this end, we generated an MC38 cell line expressing the immunodominant epitope of the
melanoma-associated antigen GP100 (GP1002s.33) also known as PMEL, which can be recognized by
CD8* T cells from the TCR-transgenic mouse model PMEL-1(2). This cell line enabled us to
simultaneously test a different and widely used tumor model and a clinically relevant antigen/TCR (3,4)
within the same model. Similar to the B16F10-OTIl model, subcutaneous MC38-PMEL tumors were
effectively eliminated by the administration of in vitro activated PMEL-1 CD8" T cells alone or in
combination with cyclophosphamide (Supplementary figure 11a-c). Then, mice that eliminated MC38-
PMEL primary tumors were rechallenged with ACT-resistant wild-type MC38 tumor cells. Most mice that
received ACT alone were able to reject MC38 rechallenge, whereas all those preconditioned with
cyclophosphamide failed to sustain long-term protective immunity (Supplementary Fig. 11d, e).
Consistently, CD8" T cell depletion prior to rechallenge also abrogated tumor rejection in ACT
responders, confirming the essential role of host CD8* T cells in mediating long-term tumor control in this
model (Supplementary Fig 11d, e). These results consolidate the role of host CD8* T cell immunity and
the detrimental effects of lymphodepleting preconditioning in long-term protection against ACT-resistant
tumor cells in a different tumor model, which represent key findings of our study.

4. The Tdif subsets exhibit characteristics of an exhausted phenotype. It is unexpected to observe
that the Tpex gene signature correlates with improved survival in a larger cohort of melanoma
patients (SKCM) from The Cancer Genome Atlas (TCGA) database, as depicted in Fig. 7b.
Numerous studies have consistently shown that the presence of a T cell exhaustion signature is
associated with immunotherapy resistance and unfavorable prognosis across various cancer
types, necessitating clarification. Moreover, it would be beneficial to specify the immune
resistance signature in order to better understand its implications within this context.

We agree with the reviewer that Tdif subset exhibits an exhausted phenotype, which is more evident in
our updated Figure 1h. To avoid confusion and align with the nomenclature commonly used in the
literature, we have changed the name from terminally differentiated (Tdif) to exhausted (Tex) cells. As
stated by the reviewer, there are various studies associating T cell exhaustion with immunotherapy
resistance and unfavorable prognosis across different cancers (5-9). This is consistent with the
association of T cell exhaustion with poor survival in some cohorts of the TCGA database, for example,
renal cell carcinoma, a type of cancer that responds to immunotherapy (Figure for reviewers la, see
below). However, other cancer types, including melanoma and lung cancer, have shown a positive
association between exhausted T cells and response to immunotherapy and favorable clinical outcomes
(10-15; Figure for reviewers 1b, see below). This paradox can be explained because tumor-infiltrating
CD8* T cells expressing PD-1, LAG3, CD39 and/or TIM3 are enriched in expanded clonotypes capable
of recognizing autologous tumor cells (16-18). In addition, work across multiple models and human
cancers has demonstrated that stem-like progenitor-exhausted CD8* T (Tpex) cells, expressing TCF-1
and PD-1, dictate positive response to immunotherapy and better survival. Importantly, Tpex cells retain
polyfunctionality, long-term persistence and proliferative capacity, and upon antigen recognition



differentiate into Tex cells, which provide effector and cytotoxic activity (20—22). Therefore, the presence
of a T cell exhaustion gene signature may reflect an active antitumor immune response commanded by
Tpex cells. Indeed, we observed a strong correlation between Tpex- and Tex-associated gene signatures
in tumors from the TCGA database and TIL-treated patients (Figure for Reviewers 2a, b, see below).
This correlation was confirmed at single-cell resolution in a different cohort of TIL-treated patients with
available single-cell RNA sequencing data (Figure for Reviewers 2c, see below). Interestingly, this
correlation was stronger in patients who exhibited a favorable response to TIL-ACT. Across all analyses,
poor survival was associated with the immune resistance signature, which is a transcriptional program
expressed by malignant cells that is linked to T cell exclusion and immune evasion (23). We have now
included the gene list for this and all signatures used in the manuscript in Supplementary table 1.

Reviewer #2 (Remarks to the Author):

In this study, Figueroa et al. investigated the impact of Adoptive Cell Therapy (ACT) on
endogenous CD8 T cell activation, finding that TNFa induction by ACT promoted CDS8
accumulation in tumors and cross-presentation with DCs. The authors also reported that
lymphodepletion, while promoting the ACT expansion, dampened the engagement of the host
immune cells. Most of the manuscript focuses on discussing the antitumor function of OT-1 CD8
cells (in the context of ACT) against B16 melanoma tumors expressing OT-l and the role of
endogenous immune cells. This is not a novel finding as there are already many reports from
various groups highlighting the function of adoptively transferred cells (TCR or CAR) and their
interplay with endogenous immune cells, which in mouse models has resulted in eradication of
antigen negative clones.

As highlighted by the reviewer, our findings align with emerging studies demonstrating a key role of the
host immune system in the success of ACT. These studies have shown that adoptively transferred T cells
can stimulate host immune cells for effective tumor control (24-26). Our revised manuscript extends
these findings and provides further mechanistic insights into how adoptively transferred T cells crosstalk
with the host immune system and how lymphodepleting preconditioning impact the success of ACT. To
our knowledge, our study is the first to demonstrate that adoptively transferred T cells induce, via TNF-
a, a cDC1-dependent expansion of host CD8* T cells, which contribute to elimination of primary tumors
and mediate long-term protection against ACT-resistant tumor cells. Notably, our work demonstrates that
while lymphodepleting preconditioning promotes primary tumor elimination by expanding transferred
cells, it also induces a long-lasting impairment of host antitumor immunity, abrogating protection against
ACT-resistant tumor cells. These observations suggest that lymphodepleting preconditioning may
facilitate the emergence of antigen-loss tumor cell variants and ultimately promote resistance to ACT,
which has significant clinical implications and translational relevance.

Authors further reported the role of TNFa in the induction of endogenous immunity in the context
of ACT treatment. Recent reports have highlighted the role of IL12 and IFNy in the induction
endogenous immunity post ACT. In addition, the role of Tpex population and its interaction with
DC1 population has been extensively studied and reported in a recent paper in Cell. Have the
authors evaluated the role of IL12, IFNy or IL18 cytokines? And is the impact of TNFa more
important than IFN pathway related cytokines?



We thank the reviewer for this insightful comment. We are aware of the important role of IFN-y and related
cytokines, such as IL-12 and IL-18, in the interplay between transferred cells and the host immune
system. We have included a paragraph in the introduction highlighting the relevance of this axis. In
addition, we evaluated the contribution of IFN-y to the ability of ACT to expand host CD8* T cells. To this
end, mice received anti IFN-y blocking antibody starting one day before ACT and analyzed tumor
infiltration by flow cytometry (Supplementary Figure 5a). We observed that in the presence of anti IFN-y,
ACT did not significantly affect the frequency of endogenous total or PD-1* CD8* T cell populations
(Supplementary Figure 5b), indicating that IFN-y does not have a predominant role at expanding host
CD8* T cell responses, as compared to TNF-a. However, simultaneous blockade of TNFa and IFN-y
resulted in a synergistic reduction of host PD1*GzmB* CD8* T cells infiltrating tumors (Supplementary
Fig. 5b), suggesting that these cytokines likely engage complementary mechanisms that support the
expansion and cytotoxic differentiation of CD8* T cells, respectively. To gain insight into the highly novel
mechanism, we dissected the contribution of TNF-a produced by adoptively transferred cells. Our results
indicate that TNF-a produced by transferred OTI CD8* T cells is critical for host CD8* T cell expansion
(Figure 3b) and cDC1 maturation (Figure 3g), resulting in effective control of both primary tumors (Figure
3c) and ACT-resistant rechallenge (Figure 3e). Although our results show a predominant role for ACT-
derived TNF-a in promoting host antitumor immunity, IFN-y likely also contributes to tumor control, given
its well-established role in promoting tumor cell killing through multiple mechanisms (27-29).

CD4 population has been shown to play a major role in the context of ACT (TCR or CAR),
especially as it interacts with myeloid population specifically DC through MHCII. Authors
highlighted the role of endogenous CD8 T cells in eliminating the ACT-resistant tumors. Do the
authors have any insights on the role of CD4 T cells in these studies?

We fully agree with the reviewer on the crucial role of CD4* T cells in the context of ACT. Hence, we
assessed the contribution of endogenous CD4* T cells to ACT-mediated primary tumor elimination and
their ability to impact long-term rejection of ACT-resistant melanoma cells, administering an anti-CD4
depleting antibody prior to ACT (Supplementary Figure 3a). We observed that in the absence of CD4* T
cells, primary tumor elimination was not affected (Supplementary Figure 3b, c¢), indicating that their
effector activity is not required for tumor control in our model. Indeed, tumors appeared smaller in mice
receiving anti-CD4 antibody compared to ACT alone (Supplementary Figure 3d). Interestingly, mice
depleted of CD4* T cells prior to ACT were unable to reject a subsequent rechallenge with ACT-resistant
B16F10 melanoma cells (Supplementary Figure 3e). These results suggest that CD4* T cells are crucial
for establishing durable CD8" T cell-mediated immunity induced by ACT, consistent with their well-
established helper function in supporting memory T cell formation (30-32).

The observation regarding lymphodepletion dampening the endogenous immune response is
noteworthy as lymphodepletion is a regimen heavily used prior to ACT. This observation may
have an important impact clinically. However, authors should consider modifying the timing of
ACT relative to lymphodepletion treatment which could circumvent the issue. Meaning if the
timing of ACT relative to lymphodepletion treatment is changed, will it allow for the reconstitution
of endogenous T cells and potential induction of endogenous immunity while retaining the
expansion and persistence of adoptively transferred cells. Perhaps, timepoint analyses to show
when the endogenous immune cells (and what immune subsets) re-emerge post lymphodepletion
is required to better understand the timing for the ACT.



As highlighted by the reviewer, lymphodepletion-induced impairment of host antitumor immunity may
significantly impact clinical ACT outcomes. To gain insight into the effects of lymphodepletion, we
performed additional experiments to analyze different immune cell populations, including CD8* T cells
and cDC1, in tumors and lymph nodes at two different timepoints after cyclophosphamide treatment
(Figure 4a). As expected, we observed a marked reduction of all immune cell populations four days after
cyclophosphamide treatment (Figure 4b-i, Supplementary figure 8). At 27 days post-cyclophosphamide
treatment, tumors exhibited poor infiltration across all immune cell subsets (Figure 4b-e, Supplementary
figure 8a, b), resembling a “cold” tumor. By contrast, at this timepoint, the numbers of most immune cell
populations were comparable to baseline levels in the lymph nodes (Supplementary figure 8c, d), except
for CD8" T cells and cDC1, which, although patrtially restored, remained reduced relative to the untreated
control (Figure 4f-i). Notably, we observed that the numbers and proportion of PD-1* CD8* T cells were
drastically reduced in both tumors (Figure 4c) and draining lymph nodes (Figure 4g), which is indicative
of impaired CD8* T cell priming. These results indicate that cyclophosphamide preconditioning can
induce a long-lasting impairment of antitumor immunity, thereby favoring resistance to ACT by the
emergence of antigen-loss variants. To emphasize the novelty of these findings we have adapted the
title accordingly.

Also, would these findings be relevant in a second tumor model or is it unique to B16? Overall
considering the clinical impact, these results warrant more comprehensive evaluation.

We agreed with the reviewer on the importance of incorporating a second tumor model to strengthen the
robustness of our conclusions and therapeutic implications. To this end, we generated an MC38 cell line
expressing the immunodominant epitope of the melanoma-associated antigen GP100 (GP100s.33) also
known as PMEL, which can be recognized by CD8* T cells from the TCR-transgenic mouse model PMEL-
1 (2). This cell line enabled us to simultaneously test a different and widely used tumor model and a
clinically relevant antigen/TCR (3,4) within the same model. Similar to the B16F10-OTI model,
subcutaneous MC38-PMEL tumors were effectively eliminated by the administration of in vitro activated
PMEL-1 CD8* T cells alone or in combination with cyclophosphamide (Supplementary figure 11la-c).
Then, mice that eliminated MC38-PMEL primary tumors were rechallenged with ACT-resistant wild-type
MC38 tumor cells. Most mice that received ACT alone were able to reject tumor rechallenge, whereas all
those preconditioned with cyclophosphamide failed to sustain long-term protective immunity
(Supplementary Fig. 11d, e). Consistently, CD8* T cell depletion prior to rechallenge also abrogated
tumor rejection in ACT responders, confirming the essential role of host CD8* T cells in mediating long-
term tumor control in this model (Supplementary Fig 11d, e). These results consolidate the role of host
CD8* T cell immunity and the detrimental effects of lymphodepleting preconditioning in long-term
protection against ACT-resistant tumor cells in a different tumor model, which represent key findings of
our study.

Reviewer #3 (Remarks to the Author):

Figueroa and colleagues report on the role of non-transferred CD8 T cells in adoptive T cell
therapy. They use a mouse model of ACT with OVA-specific T cells (OT1). The authors support
their findings in mice by analysis of previously published datasets from patients. Major issues
should be addressed before publication of this manuscript.



1. The authors base all their conclusions on 1 mouse model that is not reflecting clinical treatment
with TILs. It is therefore not correct to conclude that lymphodepleting chemotherapy has a
negative effect on TIL treatment that has been established in multiple clinical trials. Additional
mouse models are needed to support the claim by the authors.

We thank the reviewer for the valuable comments. We totally agree that our models resemble a TCR-T
rather than a TIL type of ACT. Therefore, we have been more careful in our statements and made clear
of the inherent differences and limitations. This discrepancy arises because we corroborated the results
obtained in mouse models in human datasets from TIL-treated patients. Even if would have been ideal
to analyze datasets from patients treated with TCR-based ACT, we only found robust publicly available
datasets coming from TIL-treated patients. In addition, we fully acknowledge that lymphodepleting
chemotherapy has a positive effect on ACT by expanding transferred cells and enhancing antitumor
effects. Indeed, this is illustrated in Figure 5, where we show that cyclophosphamide expands transferred
OTI cells (Figure 5b, c) and improves antitumor efficacy of a suboptimal ACT model (Figure 5d, e). These
data align with and support the use of lymphodepleting preconditioning in clinical practice to achieve
acute clinical responses. However, we provide evidence that cyclophosphamide also induces a long-
lasting impairment in host antitumor immunity (Figure 4), resulting in the inability to control the rechallenge
with ACT-resistant tumor cells (Figure 5g,h). This previously underappreciated observation may have
significant clinical implications, as lymphodepletion is a regimen widely used in ACT strategies (including
TCR-T, CAR-T and TIL) and could therefore could facilitate the emergence of antigen-loss variants, a
major mechanism driving ACT resistance in patients (33,34).

2. The mouse model used by the authors uses a transgenic receptor and is not based on various
T cell clones that are usually transferred in a TIL transfer. Additional mouse models are needed
to support the claims of the authors.

We thank the reviewer for this important comment. We fully agree that ACT protocols based on transgenic
TCRs, such as OTI, represent a simplified system without clonal diversity when compared to polyclonal
TIL products used in the clinic. To address this limitation and increase the translational robustness of our
findings, we implemented an independent tumor model that incorporates a different TCR specificity.
Specifically, we generated an MC38 cell line expressing the immunodominant epitope of the melanoma-
associated antigen GP100 (GP1002s.33) also known as PMEL, which is recognized by CD8* T cells from
the TCR-transgenic mouse model PMEL-1 (2). This cell line enabled us to simultaneously test a different
and widely used tumor model and a clinically relevant antigen/TCR (3,4) within the same model. Similar
to the B16F10-OTl model, subcutaneous MC38-PMEL tumors were effectively eliminated by the
administration of in vitro activated PMEL-1 CD8* T cells alone or in combination with cyclophosphamide
(Supplementary figure 1la-c). Then, mice that eliminated MC38-PMEL primary tumors were
rechallenged with ACT-resistant wild-type MC38 tumor cells. Most mice that received ACT alone were
able to reject MC38 rechallenge, whereas all those preconditioned with cyclophosphamide failed to
sustain long-term protective immunity (Supplementary Fig. 11d, e). Consistently, CD8* T cell depletion
prior to rechallenge also abrogated tumor rejection in ACT responders, confirming the essential role of
host CD8* T cells in mediating long-term tumor control in this model (Supplementary Fig 11d, e). These
results consolidate the role of host CD8* T cell immunity and the detrimental effects of lymphodepleting
preconditioning in long-term protection against ACT-resistant tumor cells in a different tumor model,
which represent key findings of our study. While we acknowledge that fully polyclonal TIL models may
offer further insights, the use of two antigenically distinct models capturing key aspects of ACT provides
strong conceptual support for our conclusions.



3. The gating strategy for Tdif and Tpex should be revised as in the Gzm negative T cell
population, a fraction expresses TCF1 corresponding to mixed T cell population. All subsequent
figures are based on this gating strategy.

We thank the reviewer for this valuable observation. We agree that the PD-1*GzmB~ population there is
a fraction of cells that does not express TCF-1 and that further discrimination is required to confidently
define Tpex cells in accordance with published criteria (20,21,35-40). First, to align with the nomenclature
commonly used in the literature, we changed the name of terminally differentiated (Tdif) to exhausted
(Tex) cells. To better visualize the issue raised by the reviewer, we included a new plot showing PD-1 vs
TCF-1 and labeled the different quadrant with different colors: PD-1-TCF-1- cells in red; PD-1*TCF-1- or
Tex cells in green; PD-1*TCF-1* or Tpex cells in orange; PD-1 TCF-1* cells in light green (Figure 1h, left
dot plot). As pointed out by the reviewer, when we look at the PD-1 vs GzmB plot, the PD-1*GzmB-
fraction contains Tpex (orange) cells with a few Tex (green) cells (Figure 1h, right dot plot). Reciprocally,
the PD-1*GzmB* quadrant mainly contains Tex (green) cells with a few Tpex (orange) cells. In addition,
the Tpex subset expresses low levels of GzmB and TIM-3, and intermediate TOX, consistent with a
progenitor exhausted phenotype. Conversely, Tex cells exhibit high GzmB, TOX and TIM-3 levels,
consistent with terminal exhaustion. Given that we used PD-1 and GzmB as primary gating markers and
did not include TCF-1 staining in all our previous experiments, we have relabeled all relevant figures
indicating PD-1*GzmB- and PD-1*GzmB* subsets, and clearly stating that they correspond primarily, but
not exclusively, to Tpex and Tex cells, respectively. We hope that these modifications address the
reviewer’s concern and strengthen the rigor of our phenotypic analyses.
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Figure for Reviewers 1. Tpex and Tex signatures correlates with poor survival in renal cell
carcinoma and good survival in lung adenocarcinoma. a and b Kaplan—Meier overall survival curves
for (a) The Cancer Genome Atlas — Kidney Renal Clear Cell Carcinoma (TCGA-KIRC) cohort, and (b)

The Cancer Genome Atlas — Lung Adenocarcinoma (TCGA-LUAD) cohort, stratified by high (red) or low

(blue) expression levels of indicated gene signatures. Statistical comparisons were performed using the
log-rank test, with significance set at p < 0.05.
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Figure for Reviewers 2. Tpex positively correlates with Tex in melanoma patients. a and b.
correlation analysis between Tpex and Tex signatures in (a) The Cancer Genome Atlas — Skin
Coutaneous Melanoma (TCGA-SKCM) and (b) TIL-treated melanoma patients. Each dot represents
unique patients, and blue line indicates the trend. c correlation analysis between the numbers of Tpex
and Tex in single-cell data from TIL-treated melanoma patients. Black line indicates the trend in all
patients, grey line in No Responders (NR) and red line in Responders (R). In all panels a Pearson
correlation was performed and a p < 0.05 was considered significant.
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We sincerely thank the editor and reviewers for their positive evaluation of our revised manuscript
(NCOMMS-23-31003B). We found the additional comments from Reviewers 3 and 4 to be thoughtful and
constructive, and we have carefully addressed them in this new revision. We have now clearly limited the
scope of our study to animal models and emphasized the need for confirmation in human settings. We
have restricted our conclusions regarding cross-presentation to the elimination of primary tumors and
have clearly distinguished these findings from the rechallenge experiments. In addition, we have
incorporated new data analyzing tissue-resident markers in host CD8* T cells and have improved gating
strategies. We hope that the revised manuscript is now suitable for publication in Nature
Communications, and we thank you once again for the opportunity to further refine our work.

A detailed, point-by-point response to all reviewer comments is provided below. To facilitate review, we
have highlighted the added/changed text in yellow and reorganized paragraphs in green in the revised
manuscript.

REVIEWER COMMENTS
Reviewer #1 (Remarks to the Author):
The MS has been improved by adding animal experiments. | have no further comments.

We are very glad to have addressed all the reviewer comments.

Reviewer #3 (Remarks to the Author):

Although the authors have responded to my questions the animal models are quite artificial and
various lympho-depleting chemotherapies have been tested in ACTs in humans. The authors
should note that their data is only validated in mouse models (also in the title) and this finding
has to be analyzed in patients.

We are glad to have addressed all reviewers’ questions and agree on the importance of limiting the scope
of our study to mouse models and the need to confirm these findings in patients. We have modified the
manuscript accordingly across the title, abstract, results and conclusions.

The authors also claim the cross-presentation is involved but only interference with TNFalpha
pathway is experimentally shown. | believe that the authors should re-write their conclusions on
this set of experiments.

We thank the reviewer for highlighting this important point. We limited the conclusions of cross-
presentation exclusively to the elimination of primary tumors. To clearly differentiate these results from
rechallenge experiments, we have separated all rechallenge experiments from previous Figures 2 and 3
in new Figure 4. We have also re-written the conclusion accordingly. These changes have significantly
improved the quality of our manuscript.

Reviewer #4 (Remarks to the Author):



After reviewing this, | think the author did address all the previous reviewer’s questions. This
study provides compelling evidence that durable antitumor responses to adoptive CD8* T cell
therapy depend on the host immune system and are mediated through a TNF a—driven cDC1-
CD8* T cell axis. It also highlights the unintended consequence of lymphodepleting
preconditioning on long term immunity. The work confirmed many previous studies reveal the
impact of ACT on endogenous anti-tumor T cell responses and has potential implications for
improving clinical ACT protocols.

We are glad that the reviewer considers that we have addressed all the previous reviewer’'s questions
and thank the reviewer for highlighting key findings and potential implications of our study. Also, we thank
the reviewer for the additional comments, which are addressed below.

The authors could broaden the translational impact by exploring following area.

* The phenotypic analysis focused primarily on T cells (transferred vs host CD8* T cells) and
dendritic cells. While this panel is extensive for T-cell exhaustion states, the study gave less
attention to other immune subsets. For example, the authors note that lymphodepletion caused
a “profound reduction across all CD45* immune cell populations” in tumors, but the gating
strategy for subsets like myeloid cells, NK cells, or B cells is not shown in detail. The
characterization of other cells (e.g. MDSCs defined by CD11b+Gr1+, or tumor-associated
macrophages) need improvement.

We acknowledge that our analyses were primarily focused on the DC and CD8* T cell compartments and
agree that additional markers can improve the characterization of other immune cells. To this end, we
performed a new set of lymphodepletion experiments using a more extensive flow cytometry panel to
expand our phenotypic analysis. In the new Supplementary Figure 9, our analysis now includes the
following additional populations: NK cells, B cells, monocytes, neutrophils, and tumor-associated
macrophages. We believe that these additions have substantially improved the characterization of the
population changes induced by lymphodepletion.

* The study’s assessment of long-term immunity was mainly through a single tumor rechallenge
after primary tumor clearance. Mice that eradicated B16-OVA tumors were rechallenged with wild-
type B16 (lacking OVA) to test memory response to antigen-loss variants. While this
demonstrated the protection, it’s unclear the impact on memory CD8 T cell differentiation. Can
transferred or endogenous CD8 T cells become tissue resident memory cells?

We thank the reviewer for this insightful comment and agree that characterizing memory differentiation
of CD8* T cells could broaden the translational impact of our study. To this end, we performed a new set
of experiments analyzing the expression of memory markers in host CD8" T cells, including CD44,
CD62L, CD39, CD69, and CD103. We observed that PD-1" populations expressed higher levels of CD44,
CD69, and CD39 than the PD-1~ population, with the PD-1* GzmB* population expressing the highest
levels, consistent with a tissue-resident memory (Trm) phenotype, as described in mice
(doi:10.4049/jimmunol.2400151). These results indicate that CD8" T cells expanded by adoptive T-cell
therapy acquire a Trm phenotype, which has been largely associated with enhanced antitumor function.
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