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Blockade of the inhibitory receptor TIM-3 shows efficacy in cancer immunotherapy clinical trials.
TIM-3 inhibits production of the chemokine CXCL9 by XCR1" classical dendritic cells (cDC1),
thereby limiting antitumor immunity in mammary carcinomas. We found that increased CXCL9
expression by splenic cDC1s upon TIM-3 blockade required type | interferons and extracellular
DNA. Chemokine expression as well as combinatorial efficacy of TIM-3 blockade and paclitaxel
chemotherapy were impaired by deletion of Cgasand Sting. TIM-3 blockade increased uptake of
extracellular DNA by ¢cDC1 through an endocytic process that resulted in cytoplasmic localization.
DNA uptake and efficacy of TIM-3 blockade required DNA binding by HMGB1, while galectin-9-
induced cell surface clustering of TIM-3 was necessary for its suppressive function. Human
peripheral blood cDC1s also took up extracellular DNA upon TIM-3 blockade. Thus, TIM-3
regulates endocytosis of extracellular DNA and activation of the cytoplasmic DNA sensing cGAS-
STING pathway in cDC1s, with implications for understanding the mechanisms underlying TIM-3
immunotherapy.

Graphical Abstract

aGal-9
mAb

| = ) (_'IC%%OS;:.)H(CLQ
Nome 0" 9 ExcLio
® @\ =

IEN-o ©\O

Dendritic
Cell

e

f Tim-3 IFN-B
2¢ Gal-9
1o~ DNA
= HMGB1
eTOC Blurb

Blockade of the inhibitory receptor TIM-3 shows efficacy in cancer immunotherapy clinical trials.
de Mingo Pulido et al. provide insight into the underlying mechanisms by revealing that TIM-3
suppresses HMGB1-dependent endocytosis of extracellular DNA and the subsequent activation of
the cGAS-STING pathway in intra-tumoral dendritic cells.
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Introduction

T-cell immunoglobulin and mucin domain containing (TIM)-3 was originally identified as a
molecule selectively expressed on CD4* Thl and CD8* cytotoxic T cells (Monney et al.,
2002), and has since been described as a marker of T cell exhaustion in models of chronic
viral infection and cancer, particularly in combination with high expression of programmed
death (PD)-1 (Anderson et al., 2016). TIM-3 blocking antibodies (aTIM-3) partially reverse
this exhausted phenotype, resulting in improved expression of interferon (IFN)-y and
suppressed tumor growth in multiple preclinical models (Ngiow et al., 2011). Efficacy is
even more pronounced when aTIM-3 is combined with aPD-1 (Kurtulus et al., 2019;
Ngiow et al., 2011; Sakuishi et al., 2010), or when it is used sequentially in aPD-1 resistant
tumors (Koyama et al., 2016). As a result of these studies there are now several antibodies
against TIM-3 (e.g. TSR-022/Cobolimab, MBG453, LY3321367, BMS986258) being
evaluated in early phase clinical studies, mostly in combination with agents targeting the
PD-1 and PD-ligand (PD)-L1 pathway.

TIM-3 is also constitutively expressed by a number of other leukocyte populations,
including natural killer cells, mast cells, monocytes, macrophages, and classical dendritic
cells (cDCs), usually at higher levels than observed on T cells (Anderson et al., 2007;
Gleason et al., 2012; Nakayama et al., 2009; Ndhlovu et al., 2012; Phong et al., 2015). The
relevance of this expression is unclear, but as TIM-3 is generally thought to act as a negative
regulator of activation, it is possible these cells may be involved in mediating therapeutic
response to aTIM-3. Indeed, a TIM-3 improves response to paclitaxel (PTX) chemotherapy
in murine models of mammary carcinoma, despite limited expression of TIM-3 on T cells
(de Mingo Pulido et al., 2018). In this setting, therapeutic efficacy is contingent upon the
Batf3- and /rf&-dependent subset of cDCs (cDC1), a population of cells important for
systemic as well as local anti-tumor immunity (Chow et al., 2019; Garris et al., 2018;
Roberts et al., 2016). TIM-3 blockade enhances the expression of the chemokines Cxc/9and
Cxcl10by tumor CD103* cDCl1s, thereby driving T cell effector function and response to
chemotherapy in a manner dependent upon the receptor CXCR3 (de Mingo Pulido et al.,
2018).

Here we examined the mechanism by which TIM-3 regulates cDC activation in tumors. We
found that TIM-3 restricted extracellular DNA uptake through an HMGB1-dependent
mechanism. Blocking TIM-3 promoted activation of the cyclic GMP-AMP synthase (CGAS)
and stimulator of interferon genes (STING) pathway, expression of type | interferons (IFNs),
and secondary expression of chemokines, all of which were necessary for the therapeutic
efficacy of aTIM-3 and PTX chemotherapy in a mammary carcinoma model. These results
delineate a mechanism by which TIM-3 suppresses DNA sensing through the cGAS-STING
pathway, with potential implications for the design of clinical trials involving TIM-3
antibodies.
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aTIM-3 promotes type | IFN and CXCL9 expression by cDC1s

TIM-3 blockade enhances CXCL9 expression by splenic ¢cDCs in the presence of tumor cell
debris generated by irradiation or heat shock (HS), mirroring the increase in Cxc/9
expression observed in tumor cDCs following blockade of TIM-3 in vivo (de Mingo Pulido
et al., 2018). We therefore sought to use this /n vitro system to identify the signaling
pathways regulated by a TIM-3. CXCL9 levels were first measured in a time course
experiment wherein increased protein expression was observed by 4 hr after treatment with
HS and a TIM-3, as compared to the control group treated with HS and an 1gG,, isotype
control (Figure 1A). We then purified CD8a* ¢cDC1 and CD11b* ¢cDC2 subsets after a 2 hr
incubation and confirmed increased mRNA expression of Cxc/9and Cxc/10by RT-PCR
(Figure S1A) prior to an analysis using a 770-gene Nanostring panel. Using a false
discovery rate (FDR) of <0.05 we observed increased expression of 9 genes within the cDC1
subset (Figure 1B), with genes whose expression increased in cDC1s by >4-fold reflecting
type | IFNs (/fnbI), IFN-responsive chemokines (Cxcl9, Cxc/10, Cxc/11), or other IFN-
responsive elements (/fn/2) (Figure S1B). Expression of only a single gene in the cDC2
subset (/fnl2) was increased, consistent with the reduced impact of a TIM-3 on CXCL9
expression by cDC2s. Using a less stringent cutoff of p<0.05 (Figure S1C-D) we also
performed a pathway analysis using MetaCore. Both the Process Networks and Pathway
Maps pointed to regulation of the type I IFN response as being the primary impact of
blocking TIM-3 (Figure 1C). These /n vitro results are consistent with /n vivo findings that
TIM-3 blockade increased expression of Cxc/9and Cxc/10by tumor CD103* cDC1s
without altering surface expression of activation markers (de Mingo Pulido et al., 2018).

Based upon the above results, and the ability of type I and type Il IFNs to preferentially
induce CXCL9 expression in cDC1s (Figure 1D), we evaluated whether blocking the type |
IFN receptor (IFNAR1) was sufficient to prevent increased chemokine expression, focusing
on CXCL9 due to antibody availability and the specific increase in Cxc/9 observed in tumor
cDCs following TIM-3 blockade (de Mingo Pulido et al., 2018). aIFNAR1 abrogated the
increase in CXCL9 expression normally observed during incubation of splenic CD8a*
cDC1 with aTIM-3 and HS (Figure 1E). aIFNAR1 also blocked the smaller increase in
expression by splenic CD11b* cDC2. Together these results indicate that TIM-3 suppresses
the ability of cDCs to become activated by cellular debris, thereby limiting their expression
of type I IFNs and subsequent induction of IFN-responsive genes and chemokines.

CXCL9 expression is dependent upon extracellular DNA and STING

Type | IFNs are strongly associated with a response against viruses or intracellular
pathogens via recognition of nucleic acids, including non-eukaryotic structures such as
dsRNA or the abnormal localization of dsDNA in the cytoplasm (Schlee and Hartmann,
2016). We therefore added DNase or RNase during the incubation of splenic cDCs with HS
and a TIM-3 to determine if nucleic acids were required for activation of cDCs, using
expression of CXCL9 as a secondary readout of type | IFN expression. As shown in Figure
2A, the addition of DNase completely abrogated the ability of a TIM-3 and HS to increase
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CXCL9 expression in CD8a* cDC1, whereas RNase had little to no impact on the
expression level.

The major pathway responsible for recognizing dsDNA in the cytoplasm involves activation
of cGAS, which leads to production of 2°3’-cGAMP and activation of STING (Barber,
2015). The addition of eukaryotic 2°3’-cGAMP or bacterial 3°3’-cGAMP induced CXCL9
expression in a type | IFN-dependent manner (Figure 2B, S2A). CXCL9 expression in
cDC2s was not observed following stimulation with cGAMP (Figure 2B), possible due to
lower responsiveness to IFN stimulation (Figure 1D). We therefore evaluated splenic CD8a.*
cDC1s from Sting-deficient mice and found that these failed to express CXCL9 during
incubation with HS and a TIM-3 (Figure 2C, S2B). In contrast, splenic cDC1s deficient in
the TLR signaling adapters (TRIF, MyD88) or a key molecule in RNA sensing
(mitochondrial antiviral signaling protein, MAVS) expressed equivalent levels of CXCL9
after incubation with a TIM-3 and HS (Figure 2D).

Tumor-derived 2°3’-cGAMP can directly activate STING in CD11b* myeloid cells
independently of cGAS (Marcus et al., 2018), with transportation through the cytoplasmic
membrane via the channel SLC19A1 in the human THP-1 myeloid cell line (Luteijn et al.,
2019; Ritchie et al., 2019) or via the channel P2X7R in murine macrophages (Zhou et al.,
2020). We thus evaluated CXCL9 expression in cGAS-deficient splenic ¢cDCs and found
these cells also failed to respond to aTIM-3 and HS (Figure 2E, S2C). This was not due to a
defect in the ability of cGAS- or STING-deficient splenic cDC1s to express CXCL9
following stimulation with IFNs (Figure S2D). To further evaluate a role for tumor-derived
2'3’-cGAMP on CXCL9 expression we generated cGAS- or STING-deficient PyMT cells
and used these to create tumor cell debris by HS (Figure S2E). HS from either cGAS- or
STING-deficient tumor cells were able to induce CXCL9 expression in the presence of the
TIM-3 blocking antibody (Figure 2F, S2F), supporting intrinsic activation of cGAS in
cDC1s as being necessary to activate STING and subsequent expression of CXCL9. This
difference between the role of cGAS in cDC1s versus macrophages may reflect a lack of
P2X7R expression by tumor and splenic cDC1s, as compared to high expression by tumor
macrophages (Figure S2G-H).

Splenic cDC preparations contain a mixed population of cells, and we therefore sought to
replicate our findings in a relatively pure population of bone marrow (BM)-derived DCs
(BMDCs). As FLT-3 Ligand (FLT-3L)-induced BMDCs, which are predominantly CD11b*,
express minimal amounts of TIM-3 (de Mingo Pulido et al., 2018), we turned to iCD103*
DCs generated using a combination of human FLT-3L-1g and GM-CSF (Mayer et al., 2014).
These cells displayed consistent expression of TIM-3 by the majority of CD103*CD11c
*MHCII* cells (Figure S21). Importantly, while incubating iCD103* DCs with HS for 24 hr
had no impact on CXCL9 expression, the addition of a TIM-3 led to a significant increase in
expression compared to the single agent controls (Figure 2G). We next used these iCD103*
DCs to confirm that the STING pathway was activated following TIM-3 blockade by
evaluating phosphorylation of interferon regulatory transcription factor 3 (IRF3) via Western
blot (Figure 2H) and intracellular flow cytometry (Figure S2J). As expected,
phosphorylation of IRF3, along with the upstream kinase serine/threonine-protein kinase
(TBKZ1), was only observed following the addition of aTIM-3 and HS (Figure 2H). This was
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equivalent to the level of phosphorylation observed with the cell-permeable, murine STING
agonist DMXAA. Cumulatively these data demonstrate that TIM-3 expression by cDCs
negatively regulates activation of the cGAS-STING pathway in the presence of extracellular
dsDNA.

STING expression by cDC1s is required for efficacy of TIM-3 blockade during
chemotherapy

As with transgenic MMTV-PyMT mice on the FVB/NJ background, mice on the C57BL6/J
background did not respond to a TIM-3 alone (Figure S3A), but did respond to the
combination of a TIM-3 and PTX (Figure S3B). We also noted that changing the isotype of
the TIM-3 antibody had no impact on therapeutic efficacy, indicating that binding to the Fc
receptors was inconsequential in this model system (Figure S3C). In order to determine the
relevance of STING activation for the therapeutic efficacy of TIM-3 blockade we turned to
BM chimeric C57BL6/J mice orthotopically implanted with PyMT mammary carcinoma
cells (Figure 3A), thereby allowing us to generate a sufficient number of age-matched
animals lacking the gene of interest within leukocytes. As shown in Figure 3B, tumor-
bearing BM chimeric mice reconstituted with wild-type (WT) BM displayed significantly
reduced tumor growth in response to aTIM-3 and PTX, as compared to those treated with
PTX and rat 1gG,,. However, a TIM-3 had no impact on tumor response to PTX in mice
reconstituted with Sting-deficient BM (Figure 3B). Sting-deficiency did not impact TIM-3
expression (Figure S3D), tumor growth in the absence of therapy (Figure S3E), response to
PTX alone (Figure S3E), or the prevalence of cDCs, monocytes or macrophages in the
tumors (Figure S3F). Cgas-deficiency also prevented a TIM-3 from improving the efficacy
to PTX (Figure 3C) without impacting the density of myeloid cells in tumors (Figure S3G).
In contrast, the absence of MyD88, TRIF, or MAVS did not reduce the therapeutic efficacy
of aTIM-3 and PTX (Figure 3D-F). Thus, we observed consistent results between the
inability of a TIM-3 to induce CXCL9 expression by Sting-deficient and Cgas-deficient
splenic cDC1s in the presence of HS (Figure 2C-E) and the inability of Sting-deficient and
Cyas-deficient hosts to respond to combination therapy with aTIM-3 and PTX /n vivo
(Figure 3B-C).

Although these results demonstrated that host expression of cGAS and STING were
required for the combinatorial efficacy of TIM-3 blockade and PTX, they did not distinguish
between a role of STING expression by leukocyte subsets or other BM-derived populations.
To specifically evaluate the importance of STING expression by cDC1s we acquired XcrI-
DTRvenus animals (XcrZ-DTR), which permit the selective depletion of the cDC1 subset
following administration of diphtheria toxin (DT). As expected, depletion of cDC1s
abrogated response to aTIM-3 and PTX, while control animals not exposed to DT
responded normally (Figure S3H). To determine the relevance of STING expression by
cDC1s we next created mixed BM chimeras using a 50/50 mixture of XcrZ-DTR with either
WT or Sting™"~ BM. This experimental setup allowed tumors to develop in the presence of
STING-proficient cDC1s, with the removal of these cells initiated by DT just prior to
therapy. Importantly, mice reconstituted with 50% WT BM responded to aTIM-3 and PTX,
whereas those reconstituted with 50% Sting™~ BM did not (Figure 3G). As a control for
STING expression by other leukocytes we also evaluated efficacy in the absence of DT, and
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observed the expected reduction in tumor growth in response to a TIM-3. This occurred
despite the reduced presence of XcrZ-DTR CD103* cDC1s within tumors, likely as a result
of XCR1 haploinsufficiency and the importance of XCR1 for recruitment of cDC1s into
tumors (Bottcher et al., 2018). Thus, STING expression specifically by cDC1s is required
for the therapeutic efficacy of TIM-3 blockade combined with PTX chemotherapy.

TIM-3 suppresses endocytosis of extracellular DNA by cDCs

Our results suggested a role for TIM-3 in regulating cGAS-STING activation, either through
direct suppression of STING signaling, or indirect regulation of DNA uptake or intracellular
localization. To address the first possibility, we measured the impact of TIM-3 blockade on
the activation of splenic cDC1s by IFN-p or 3°3’-cGAMP, but found no discernible effect
(Figure S4A). We next sought to track extracellular DNA uptake by generating tumor cell
debris following a 24 hr incubation with 5-ethynyl-2-deoxyuridine (EdU). Using FLT-3L-
induced BMDCs (which express minimal surface TIM-3) we were able to detect
intracellular EAU in the majority of cells after a 2 hr incubation (Figure S4B). Ciritically, the
EdU signal was lost if DNase was added to tumor cell debris for the duration of the 2 hr
incubation, but was not impacted when DNase was added for the final 30 minutes, indicative
of cellular uptake. Using the same approach, we evaluated the ability of splenic cDC1s to
uptake tumor DNA and found that this was highly increased by the addition of a TIM-3
(Figure 4A). As before, DNase prevented detection of EAU in splenic cDCs only when
added at the start of the 2 hr incubation period, consistent with intracellular localization.
DNA was also detected within the cDC2 subset following TIM-3 blockade, suggesting that
poor CXCL9 expression by this population is due to downstream factors. DNA uptake in
splenic cDCs was not impacted by Sting deficiency (Figure SAC).

To confirm that TIM-3 was preventing the uptake of extracellular DNA we next measured
EdU within splenic cDCs by Imagestream. As shown in Figure 4B, EdU was almost
undetectable when cDCs were incubated with HS and 1gG,;, but was apparent within the
majority of cDC1s and cDC2s upon the addition of a TIM-3. Similar results were obtained
with iCD103* BMDCs (Figure S4D-E). As activation of cGAS requires cytoplasmic
localization of dsDNA, we performed confocal microscopy on iCD103* BMDCs incubated
with HS and either 1gG,, or aTIM-3, marking the surface membrane with MHCII and the
cytoplasm with GAPDH. Consistent with DNA uptake and activation of the cGAS-STING
pathway (Figure 2H), only following TIM-3 blockade did we observe substantial
colocalization of EdU with GAPDH (Figure 4C). DNA uptake was not a result of changes in
efferocytosis, as TIM-3 blockade neither altered the uptake of a fluorescent model tumor
antigen /n vivo (Figure S4F), nor the ability of iCD103* BMDCs to efferocytose apoptotic
thymocytes /n vitro (Figure S4G). Inhibiting phagocytosis with the dynein inhibitor
Ciliobrevin D also had no impact on DNA uptake (Figure 4D). In contrast, DNA uptake was
blocked by Dynasore, an inhibitor of dynamin that selectively prevents endocytosis (Figure
4E). Together these data demonstrate that TIM-3 suppresses the ability of cDCs to
endocytose extracellular dsDNA.
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Uptake of extracellular DNA by cDCs is HMGB1-dependent

Of the four identified ligands for TIM-3, only HMGBL is associated with DNA. HMGB1
also facilitates the escape of LPS from phagolysosomes into the cytosol (Deng et al., 2018)
and can alter DNA structure to enhance cGAS recognition in tumor cells (Andreeva et al.,
2017). Together these point to an important role for HMGBL in regulating cytoplasmic
localization and cGAS activation, and identify multiple stages at which TIM-3 binding to
HMGBL1 could alter cDC activation. Consistent with this, we employed a neutralizing
HMGB1 antibody (Zhou et al., 2009) that prevented HMGB1 from binding to TIM-3 in
vitro (Figure S5A), and found that it completely blocked the increased expression of CXCL9
induced by a TIM-3 when splenic cDCs were incubated with HS (Figure 5A) or tumor cell
debris generated by irradiation (Figure S5B). We next evaluated whether HMGB1 was
required for DNA uptake, or was instead important for downstream processes, and found
that aHMGB1 prevented DNA uptake during TIM-3 blockade (Figure 5B). Similar results
were obtained for CD103* ¢cDC1s following the intratumoral injection of HS into mice
dosed with a TIM-3 (Figure S5C).

Purified DNA is unable to enter BMDCs; thus, activation of the STING pathway by DNA
requires transfection (Woo et al., 2014). As we observed uptake of unpurified DNA, and
HMGB1 was required for this process, we sought to evaluate if adding HMGBL1 to pure
DNA was sufficient to allow uptake by DCs. As shown in Figure S5D, the addition of
rhodamine-labeled synthetic B-DNA did not result in DNA uptake by FLT-3L-induced
CD11b* BMDCs; however, admixing recombinant murine HMGB1 with B-DNA prior to
incubation led to detectable levels of uptake. Similar studies were therefore conducted with
iCD103* BMDCs, which were able to take up B-DNA mixed with HMGB1 following
TIM-3 blockade (Figure 5C). The presence of recombinant HMGBL also greatly enhanced
the ability of B-DNA to bind to TIM-3 coated beads /n7 vitro (Figure 5SE), suggesting that
TIM-3 might negatively regulate DNA uptake by competing for binding with HMGB.1.
Consistent with the critical role of HMGBL in promoting DNA uptake and CXCL9
expression following TIM-3 blockade, neutralizing HMGBL1 /n vivo blocked the ability of
aTIM-3 to improve the efficacy of PTX (Figure 5D).

Galectin-9 regulates TIM-3 clustering and function

A galectin-9 neutralizing antibody that prevented binding to TIM-3 (Figure S6A) was
equivalent to TIM-3 blockade in terms of enhancing the therapeutic efficacy of PTX (Figure
6A) and inducing CXCL9 expression by splenic cDC1s in the presence of HS (Figure 6B).
Tumor and splenic cDCs also had high levels of galectin-9 on the cell surface (Figure 6C).
Given that HMGB1 was necessary for DNA uptake, this suggested to us that galectin-9
might enhance the ability of TIM-3 to function as a negative regulator of this process. In
support of this, DNA uptake by splenic cDCs was increased by the addition of the galectin-9
neutralizing antibody (Figure 6D).

Galectin-9 might regulate TIM-3 function either by inducing a conformational change or by
enhancing clustering on the cell surface (Wolf et al., 2020). To address the first possibility,
we evaluated the ability of TIM-3 to bind HMGB1 /n vitro, but found that adding
recombinant galectin-9 had no impact (Figure S6B). To address the second possibility, we
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utilized iCD103* BMDCs, which expressed low levels of galectin-9 on the surface, thereby
allowing us to artificially increase this level through the addition of recombinant murine
galectin-9 (Figure 6E). The addition of galectin-9 did not alter the level of TIM-3 on the
surface of the cells as measured by flow cytometry (Figure 6E), but led to an increase in the
detection of TIM-3 clusters by immunofluorescent microscopy (Figure 6F). Thus, galectin-9
regulates TIM-3 clustering on the cell surface, supporting a role for galectin-9 in promoting
the inhibitory functions of TIM-3, and providing a potential explanation for how both
aTIM-3 and a.Galectin-9 produce similar increases in DNA uptake, CXCL9 expression, and
the efficacy of PTX.

aTIM-3 increases DNA uptake and chemokine expression by human cDCs

To determine if TIM-3 had a comparable role in regulating the activation of human DCs we
utilized peripheral blood cDCs enriched by negative selection from healthy donors (Figure
S7A), which express high levels of TIM-3 (de Mingo Pulido et al., 2018), along with cellular
debris generated from the MDA-MB-231 breast cancer cell line. Incubation with HS alone
led to detectable DNA in only a small population of CD141* ¢cDC1s or CD1c* ¢cDC2s
(Figure 7A). However, the addition of either the commercially available aTIM-3 clone F38—
2E2, or the clinical agent TSR-022, led to DNA uptake by over 90% of cells from each
individual donor (Figure 7B—C). Similar results were obtained using a third a TIM-3
antibody (clone TSR-A7). We next evaluated the impact of this DNA uptake on gene
expression and observed increased expression of several genes associated with a type | IFN
response in both the CD141* ¢DC1 and CD1c* ¢cDC2 populations (Figure 7D-E, S7TB-C),
including a significant increase in CXCL9, CXCL10and CXCL11 (Figure STD-E). In
addition, TIM-3 blockade increased the percentage of CD141* cDC1s expressing CXCL10
at the protein level, although expression was highly variable between donors (Figure 7F-G).
A small increase in the percentage of CXCL10* CD1c* ¢cDC2s was also noted (Figure 7H).
CXCL9 was difficult to detect in CD141* cDC1s, despite high gene expression, though an
increase was still observed following TIM-3 blockade (Figure S7F-H).

Discussion

Our results demonstrate that TIM-3 suppresses endocytosis of extracellular dSSDNA by
cDCs, thereby preventing cytoplasmic localization, activation of cCGAS-STING, expression
of type I IFNs, and production of CXCL9 or CXCL10. During chemotherapy TIM-3
blockade therefore indirectly supports the effector function of intratumoral CD8* T cells (de
Mingo Pulido et al., 2018), possibly by improving spatial localization of T cells with cDC1s
and increasing exposure to interleukin (IL)-12 (Ruffell et al., 2014). IL-12 and CXCL9
expression by cDC1s are also important for the function of T cells during aPD-1 therapy
(Chow et al., 2019; Garris et al., 2018). Thus the activity of cDC1s within tumors is
emerging as a critical determinant of an effective T cell response (Gardner et al., 2020), in
addition to their role in transporting and cross-presenting tumor antigens in the lymph nodes
(Roberts et al., 2016; Theisen et al., 2018).

Host expression of STING is critical for spontaneous and radiation-induced anti-tumor
immunity (Deng et al., 2014; Woo et al., 2014) and intratumoral injection of STING agonists
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are efficacious in preclinical models (Corrales et al., 2015; Demaria et al., 2015; Li et al.,
2016; Wang et al., 2017). However, systemic administration of STING agonists lacks tumor
selectivity, and intrinsic activation of STING within T cells and cancer cells can induce cell
death (Larkin et al., 2017) and promote metastasis (Bakhoum et al., 2018), respectively,
potentially limiting the clinical utility of this approach. Our finding that a TIM-3 selectively
enhances DNA uptake by cDCs bypasses these restrictions. Presumably cDC activation will
be most prominent in tissues with a high degree of cell death, although an extensive
evaluation of cDC activation in normal tissues following administration of a TIM-3 remains
to be conducted. Most importantly, systemic administration of a TIM-3 produces no
evidence of toxicity in mice, even when used in combination with chemotherapy (de Mingo
Pulido et al., 2018). TIM-3 blockade also preferentially induces chemokine expression in
cDCs, despite TIM-3 expression by other phagocytic populations, possibly due to higher
expression of DNase Il in macrophages (Ahn et al., 2018). That said, the benefit of an
improved safety profile for a TIM-3 would likely be sacrificing efficacy, given the ability of
STING agonists to activate type | IFN expression in multiple cell types within tumors.

Our data suggest that a TIM-3 will prove most useful during periods of cell death and a
corresponding release of DNA and HMGBL1 into the surrounding environment. Release of
HMGBL1 is not agnostic to the type of cytotoxic agent employed as immunogenic cell death
results from irradiation and a limited set of chemotherapies, including doxorubicin,
oxaliplatin, and mitoxantrone (Galluzzi et al., 2017). Conversely, cisplatin can sequester
HMGBL1 in the nucleus (Cardinal et al., 2009), is poorly immunogenic (Tesniere et al.,
2010), and the similar compound carboplatin shows minimal combinatorial efficacy with
aTIM-3 (de Mingo Pulido et al., 2018). Most relevant to our studies, PTX induces an
inconsistent amount of HMGBL1 release in lung cancer, while chemotherapy combinations
can elicit synergistic HMGBL release and an anti-tumor immune response (Pfirschke et al.,
2016). A similar approach in breast cancer is warranted to determine the optimum
chemotherapeutic regimen to employ with aTIM-3.

How the TIM-3 ligands galectin-9, HMGB1, CEACAM-1, or PS regulate the activity of
TIM-3, especially when multiple ligands are present simultaneously, remains an area of
active investigation. Despite TIM-3 binding to phosphatidylserine (PS) (Nakayama et al.,
2009), TIM-3 blockade did not interfere with efferocytosis or alter acquisition of a model
tumor antigen. In contrast, galectin-9 neutralization and TIM-3 blockade acted similarly in
promoting DNA uptake, CXCL9 expression, and response to chemotherapy. Rather than a
being a ligand for TIM-3 per se, our data indicate that the dual binding domains of
galectin-9 induce TIM-3 clustering, thereby enhancing its negative regulatory functions, as
has previously been hypothesized (Sabatos-Peyton et al., 2018). Consistent with this, most
TIM-3 blocking antibodies do not inhibit binding of galectin-9, but rather block the ligand-
binding domain shared by PS, CEACAM-1 and HMGBL1 (Chiba et al., 2012; Nakayama et
al., 2009; Sabatos-Peyton et al., 2018). The most likely explanation for our results is
therefore that galectin-9-induced clustering of TIM-3 enhances binding to HMGB1-DNA
complexes, thereby interfering with the ability of HMGBL1 to interact with an endocytic
receptor on the surface of cDCs.
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Despite the importance of host expression of cGAS and STING for the induction of an anti-
tumor immune response, it is unclear how DNA is able to enter the cytosol, or even what cell
type(s) are required to express cGAS or STING. Tumor-derived 2°3’-cGAMP can transfer to
macrophages and lead to activation of STING and production of type I IFN (Marcus et al.,
2018), possibly through exosomes (Diamond et al., 2018), gap junctions (Ablasser et al.,
2013), or the release of extracellular cGAMP (Luteijn et al., 2019; Ritchie et al., 2019; Zhou
et al., 2020). Thus, whether DNA uptake by cDCs cells drives spontaneous activation of the
CcGAS-STING pathway remains unclear. It is true that purified DNA does not enter BMDCs,
and activation of STING in vitro requires transfection protocols; however, DNA uptake by
myeloid cells can occur /n vivo following injection into tumors (Woo et al., 2014) and /in
vitro during co-culture with tumor cells treated with a telomere-targeted drug (Mender et al.,
2020). Our data suggests these discrepancies may relate to HMGBL1 acting as a critical factor
mediating the uptake of extracellular DNA, although the receptor and pathway mediating
this uptake remain to be determined. HMGB1 may also play a role by mediating the
movement of DNA into the cytosol and enhancing recognition by cGAS (Andreeva et al.,
2017; Deng et al., 2018). Cumulatively, our data indicate that uptake of extracellular DNA
by cDCs can promote an anti-tumor response — at least for the cDC1 population that does
not express the P2X7R channel important for uptake of cGAMP (Zhou et al., 2020) — but
that this pathway is normally inhibited by high expression of TIM-3.

Limitations of Study

This study focused on the role of TIM-3 in cDCs and did not delve into how TIM-3 or its
ligands regulate the function of other tumor immune populations, particularly in cancers
where TIM-3 is prominently expressed on infiltrating T cells. It is also possible that TIM-3
expression by cDCs will be irrelevant under conditions where 2°3’-cGAMP is produced at
high levels by cancer cells, with type | IFN expression by other cell types bypassing a need
for activation of the cGAS-STING pathway in cDCs. Although we showed that TIM-3
prevents uptake of extracellular DNA by human peripheral blood cDCs, the extent to which
these findings apply to human tumors remains unclear. Finally, while an HMGB1
neutralizing antibody was able to prevent endocytosis of DNA, it is possible that other DNA-
binding proteins are also involved, and additional work is required to characterize the
endocytic process.

STAR Methods

Resource Availability

Lead Contact: Further information and requests for resources and reagents should be
directed to and will be fulfilled by the Lead Contact, Brian Ruffell
(Brian.Ruffell@moffitt.org).

Materials Availability: This study did not generate new unique reagents.

Data and Code Availability: This study did not generate any new datasets or code.
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Experimental Model and Subject Details

Human Studies: De-identified peripheral blood mononuclear cells of unknown gender
were purchased from OneBlood, with patient consent forms obtained at the time of tissue
acquisition.

Animal Studies: Animals were maintained in the University of South Florida Department
of Comparative Medicine barrier facility, and the respective Institutional Animal Care and
Use Committee approved all experiments. All mice were obtained from The Jackson
Laboratory, with the exception of the Xcr1tm2(HBEGF/Venus)Ksho mjce (Yamazaki et al., 2013)
obtained directly from Matthew Krummel at UCSF. BM chimeric mice were generated by
irradiating recipient mice with 2 doses of 500 rads, followed by a BM transfer from donor
animals, with tumors implanted after 6 weeks of reconstitution. Implantation of orthotopic
mammary tumors was performed in female mice (approximately 2—4 months of age) by
using single-cell suspensions isolated from mammary tumors of MMTV-PyMT transgenic
mice combined 1:1 with matrigel (Corning), and injecting 10° cells/100 pl into the right 2/3
mammary gland. Treatment schedules were initiated in non-blinded fashion when tumors
reached an average approximate volume of 100 mm3, with mice randomized to treatment
groups as indicated in the respective figures. /n vivo monoclonal antibodies (IgG»,, clone
2A3; aTIM-3, clone RMT3-23) were obtained from BioXCell and were administered by
intraperitoneal (i.p.) injection at 1.0 mg/mouse, with follow-up doses of 0.5 mg every 5
days. Clinical grade PTX (Alvogen) was administered intravenously every 5 days at 10
mg/kg.

Method Detail

Tumor cell debris: Cell lines (PyMT-B6, MDA-MB-231) were cultured in a 75 mm? flask
until 70-80% confluence. Cells were then removed via trypsin-EDTA, resuspended in 10 ml
of serum free RPMI, and subjected to heat shock (55°C for 1 hr with agitation every 15
min). Samples were then centrifuged at 300 g for 10 min, dispersed into aliquots, and stored
at —80°C until use. To label DNA with EdU cells were incubated in 10 uM EdU for 24 hr
before being subjected to heat shock.

Generating guideRNA-Cas9 plasmids: DNA oligonucleotides were designed with the
following flanking sequences containing the respective targeting guide RNA (gRNA; Nj-
N>g) sequences (5’-aaaggacgaaacaccN1-Noggttttagagctagaa-3°) that allows cloning into
BsmBI (Esp3l) digested lentiCRISPRv2 hygro vector from Addgene (#98291). Sense and
antisense Oligo’s for each gRNA were reconstituted at 10 pM and annealed in a reaction
using 10 pl of each DNA oligo, 10 pl NaCl (5M) and 10 pl ddH,0O for 10 min at 95°C,
followed by decreasing 1°C/min for 70 cycles on a thermocycler. Annealed dsOligo were
then diluted 1/50 and 0.5 pl was used per 50 ng of digested vector in a cloning reaction using
the In-Fusion® HD cloning plus kit from Takara Bio (Cat.No. 638909), per according to the
manufacturer’s recommendations. The lentiCRISPRv2 hygro vector was digested with
BsmBI (Esp3l; ThermoFisher #FD0454) according to the manufacturer’s recommendations
and purified with Nucleospin® Gel/PCR clean up kit (ThermoFisher #740609.5) before
being used in the cloning reaction. Ampicillin resistant clones were picked, cultured
overnight in 3 ml LB media containing 50 pg/ml ampicillin at 37°C, purified using the
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Nucleospin® plasmid kit according to manufacturer’s recommendations, and sent for
sequencing to GeneWiz. Positive plasmids were transformed back in Stellar™ competent
cells and 50 ml of overnight bacteria culture was used to purify the plasmid using PureLink
HiPure Plasmid Midiprep Kit (ThermoFisher K210004).

Generating stable gene knockout cell lines: Lentivirus containing supernatant was
produced by transfecting pVSV-G (1 pg), pSPAX2 (2 pg) and lentiCRISPRV2/gRNA (2.5
ug) per 10cm dish of 70-80% confluent LentiX-293T cells (TakaraBio). Transfection was
performed by incubating plasmid mix (5.5 pg total) in 700 pl Opti-MEM with 16.5 pl
polyethylenimine 25 kDa (PEI; Polysciences #23966-2) transfection reagent (1 pg/ul stock)
for 15 min at room temperature before adding drop wise to the cells. Media was replaced 8
hr after transfection and supernatant was harvested 48 hr after and filtered using Target2
PVDF syringe filters (0.45um; ThermoFisher F2500-5). Spinfection was then conducted at
150 g for 1 hr, followed by overnight incubation with 3 ml of lentiviral supernatant in a 6-
well dish in the presence of Polybrene (8 ug/ml) to infect 2x10° target cells (PyMT-B6).
Culture media was replaced without selective antibiotics for 24 hr, followed by the addition
of Hygromycin B (600-800 ug/ml) for 5-10 days to select resistant cells. All cells were
generated and passaged under equal conditions in parallel.

HMGBL1 protein production: pET28a-Flag-HMGB1-6xHIS constructs (Addgene
#53561) were transformed into BL21(DE3) (ThermoFisherScientific: EC0114) according to
manufacturer’s instructions. Selected clones were precultured overnight at 37°C and used to
inoculate two containers of 800 mL LB medium supplemented with Kanamycin (34 pg/ml).
The cell culture was grown at 37°C and induced by IPTG at 0.2 mM until the ODgqq reached
0.7. Cell growth continued at 18°C for 20 hours before the cells were harvested by
centrifugation at 43,600 g. The obtained cells were resuspended in lysis buffer (PBS, pH 7.2,
400 mM NacCl, 20 mM imidazole, 0.1 mg lysozyme/ml lysis buffer, 25 units DNase/mL lysis
buffer) and lysed by a homogenizer (APV 2000, Invensys). The supernatant was loaded onto
a Ni2*-NTA column (GE Healthcare Life Science) and the column was washed with 8
column volumes (CV) of buffer A (PBS, pH 7.2, 400 mM NaCl, 20 mM imidazole)
followed by 14 CV buffer B (PBS, pH 7.2, 400 mM NacCl, 250 mM imidazole) with a flow
rate of 0.8 mL/min. The fractions containing the His-tag protein were combined and
concentrated by an Amicon Ultra Device (MWCO 10 000, Millipore). The buffer was
changed to buffer C (20 mM K/Na phosphate, pH 7.2) using a HiPrep 26/10 Desalting
column (GE Healthcare Life Science) before the protein sample was passed through a
HisTrap SP HP column (GE Healthcare Life Science). The target protein was eluted out
using a 0 to 1 M NaCl gradient over 20 CV buffer. Protein was further purified by size-
exclusion chromatography using Superdex 75 26/60 column (GE Healthcare Life Science)
in PBS buffer without visible contamination. The purified protein was analyzed by SDS-
PAGE and the concentration was determined by NanoDrop™ One (ThermoScientific) at UV
280 nm with 260/280 ratio at 0.57.

Splenic cDC stimulation: cDCs were enriched (~50% purity) from spleens by negative

selection using biotinylated antibodies against Ly6C (10 ug), Ter119 (20 ug), CD49b (20
ug), Ly6G (30 pg), CD3e (40 pg), B220 (40 ug) in combination with MojoSort magnetic
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beads (BioLegend). Cells were plated at 1x10°% per ml in serum free RPMI 1640 or
suspended in supernatant containing tumor cell debris. Blocking antibodies against TIM-3
(clone RMT3-23), IFNRAL (clone MAR1-5A3) HMGB1 (clone 3E8), or galectin-9 (clone
RG9-1) were added to the supernatant at 10 ug/ml for the duration of the 2—6 hr stimulation.
For studies employing intracellular staining with CXCL9 (clone MIG-2F5.5) the cells were
incubated for the final 4 hr in the presence of 5 pg/ml brefeldin A and 2 uM monensin. For
some experiments, cells were stimulated with IFN+y (10 ng/ml), IFNa (10 ng/ml), IFNB1
(10 ng/ml), 2°3"-cGAMP (10 pg/ml) or 3°3-cGAMP (10 pg/ml).

Peripheral blood cDC stimulation: Unfrozen peripheral blood buffy coats were
enriched for mononuclear cells via Lympoprep (StemCell Technologies) density
centrifugation, followed by enrichment for dendritic cells via negative selection using the
EasySep Human Myeloid DC Enrichment Kit, both according to the manufacturer’s
directions (StemCell Technologies). Cells were then plated at 1x10° per ml in serum free
RPMI 1640 or suspended in supernatant containing EdU-labelled MDA-MB-231 cellular
debris and blocking antibodies against TIM-3 (clone F38-2E2, TSR-022, TSR-AT) were
added to the supernatant at 10 pg/ml. Intracellular detection of EdU was performed after 2 hr
using Click-iT EdU Alexa Fluor 594 (Invitrogen) according to the manufacturer’s directions.
Intracellular staining for CXCL9 (clone J1015E10) and CXCL10 (clone J034D6) was
conducted after 24 hr, with cells incubated for the final 4 hr in the presence of 5 pug/mi
brefeldin A and 2 pM monensin.

BMDC generation: BM was harvested from C57BL6/J female mice and red blood cells
lysed with 150 mM NH,4CI/10 mM NaHCOs/1 mM EDTA. Remaining cells were plated in
RPMI 1640 containing 2.0 mM L-glutamine and 25 mM HEPES, supplemented with 100
U/ml penicillin/streptomycin, 55 pM B-ME, and 10% fetal calf serum (Life Technologies).
To create FLT-3L BMDCs, cells were plated at 2x108/ml in 100 ng/ml recombinant human
Flt-3 Ligand Immunoglobulin (Flt-3L-Ig; BioXCell) and then incubated untouched for 7
days. To generate iCD103* BMDCs, cells were plated at 1.5x108/ml in 200 ng/ml Flt-3L-1g
and 5 ng/ml murine recombinant GM-CSF (Peprotech). A 50% volume of fresh medium was
added to the culture on day 5, non-adherent cells were harvested and re-plated in fresh
medium at 3x10%/ml on day 9, and cells were used on day 15-16. Both protocols generated
cultures with over 90% purity of CD11c™ cells. For stimulation the cells were harvested and
resuspended at 108/ml in tumor cell debris for up to 24 hr. For DNA uptake, cells were either
incubated for 2 hr with supernatant from EdU-labeled tumor cells or with 250 ng/ml
Poly(dA:dT) rhodamine (synthetic B-DNA) mixed with recombinant murine HMGBL. In
some experiments Ciliobrevin D (40 uM, 15 min) or Dynasore (80 pM, 30 min) were added
to BMDCs prior to incubation with DNA. For efferocytosis, single cell suspensions of
thymocytes were labelled with 5 uM CellTrace Violet per the manufacturer’s instructions,
X-Ray irradiated at 20 Gy, and then incubated overnight. Thymocytes were then incubated
with BMDCs pre-incubated with blocking antibodies for 30 min prior to washing, antibody
staining, and flow cytometry.

Western blot: To measure activation of the cGAS-STING pathway, 4.5x108 iCD103*
BMDCs were stimulated for 3 hr, and then divided in half to create either nuclear or total
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cell lysate. Total cell lysis buffer consisted of Triton X-100 (1X, Sigma Aldrich; T8787),
Phosphatase inhibitor cocktail 2 (1X, Sigma Aldrich; P5726), Phosphatase inhibitor cocktail
3 (1X, Sigma Aldrich; P0044), Trypsin-chemotrypsin inhibitor (0.1 mg/ml, Sigma Aldrich
T9777), Leupeptin (0.01 mg/ml, Roche 11017101001) and Aprotinin (0.01 mg/ml, Roche
10236624001). Nuclear lysate was generated using the NE-PER Nuclear and Cytoplasmic
extraction kit (ThermoFisher), with the addition of Trypsin-chemotrypsin inhibitor,
Leupeptin and Aprotinin. Equal protein amounts of cytolasmic and total cell lysates were
then electrophoresed in 10% Tris-Glycine gels (Novex-Invitrogen), transferred to PVDF
membranes by iBlot™ Gel Transfer Device (ThermoFisher), and blotted with the
corresponding primary and secondary antibodies. Membrane-bound immune complexes
were detected using the ChemiDoc™ Imaging System (Bio-Rad, #17001401). To verify the
generation of gene knockout cell lines, whole cell lysate was generated using NP-40 lysis.
Lysates were electrophoresed on a 4-15% gradient gel at 120V for 1.5-2 hr and transferred
onto Immobilion-FL PVDF membrane (ThermoFisher) at 200 V for 1.5h at room
temperature. Respective primary antibodies were used at 1/1000 dilution in 5% skim milk in
TBS-Tween (0.1%) at 4°C overnight, and after washing, secondary fluorescently-labeled
antibodies were incubated for 20-30 min at room temperature before membranes were
imaged on a LI-COR Odyssey® Fc imaging system.

Flow/image cytometry: Mice were cardiac-perfused with PBS containing 10 U/ml
heparin to clear peripheral blood, and single cell suspensions were prepared by incubating
minced tissue in 1 mg/ml collagenase (Roche) and 50 U/ml DNase | (Roche) at 35°C with
agitation. Cells were used immediately or stored in 10% DMSO at —80°C. All incubations
were performed for 30 min on ice. For staining of single cell suspensions, splenocytes, or
BMDC:s, cells were first incubated with Live/Dead Aqua (1/500, Invitrogen) or Zombie NIR
(1/1000, BioLegend) diluted in PBS, then washed once and incubated with 10 ug/ml of anti-
CD16/32 (clone 2.4G2) diluted in PBS, 1 mM EDTA, and 1 mg/ml BSA (FACS buffer).
Cells were then incubated with a cocktail of antibodies (see Key Resource Table) in FACS
buffer, washed once, and fixed with Cytofix (BD Biosciences). Intracellular staining for
chemokines was performed in 1X Perm/Wash buffer (BD Biosciences), followed by a wash
step and suspension in FACS buffer. Intracellular detection of EdU was performed using
Click-iT EdU Alexa Fluor 594 (Invitrogen) according to the manufacturer’s directions.
Intracellular staining of pIRF3 was performed after permeabilization with 90% methanol for
30 min, followed by staining for extracellular markers. Immune populations were identified
with a previously described gating strategy (de Mingo Pulido et al., 2018; Ruffell et al.,
2014). Data was collected with a LSRII flow cytometer (BD Bioscience) with analysis
conducted using FlowJo version 9 or 10 (FlowJo LLC), or collected with an Imagestream*
Mark Il with analysis conducted using the INSPIRE software (Amnis/Millipore Sigma).

Bead Assay: Mouse anti-human 1gG (Fc) coated polystyrene beads (Spherotech) were
coupled to 40 pg/ml recombinant mouse TIM-3-Fc (R&D Systems) by incubation at room
temperature for 1 hr. Galectin-9 binding was measured by incubating 1 pg/ml recombinant
mouse galectin 9 (R&D Systems) in the presence or absence of 10 pg/ml galectin-9 blocking
antibody (RG9-1, BioXCell) or 100 mM lactose (Sigma-Aldrich) for 30 minutes. Galectin-9
bound to beads was then detected by incubation with 0.5 ug/ml of an APC conjugated anti-
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mouse galectin-9 antibody that recognizes the linker region (clone 108A2), with detection
by flow cytometry. Binding of FLAG-tagged HMGB1AC was determined using an anti-
FLAG-PE antibody. Binding of B-DNA/HMGB1AC complexes was detected by measuring
rhodamine fluorescence by flow cytometry. Rat 1gG,, isotype control or anti-HMGBL1 (clone
3E8) were pre-incubated with HMGBL1 at 10 pg/ml, prior to their addition to TIM-3-Fc-
coated polystyrene beads.

Immunofluorescence microscopy: For detection of EdU-labeled DNA, BMDCs were
prepared as described above for staining with MHCII-BV421 or Click-iT EdU Alexa Fluor
594, with additional intracellular staining with rabbit antibodies against GAPDH (1:100,
Invitrogen), and secondary detection using a 1:2000 dilution of donkey anti-rabbit Alexa 488
(Invitrogen). Cells were then adhered to glass slides using a Shandon Cytospin, and
coverslips mounted using ProLong Glass Antifade (Invitrogen). Images were acquired with a
Leica SP8 Confocal Microscope. ImageJ was used to segment cells by creating a mask in
thresholded images with MHCII as a cell membrane reference, with the level of EQU
expressed as the mean fluorescence intensity on a per cell basis. Colocalization between
GAPDH and EdU-labeled DNA was determined within each image. For detection of TIM-3,
BMDCs were treated with 2 pg/ml recombinant murine galectin-9 (R&D Systems) for 30
min, followed by incubation with 5 ug/ml of galectin-9 neutralizing antibody (clone RG9-1)
for another 30 min at 37°C. Cells were then stained with TIM-3-FITC followed by goat anti-
fluorescein Alexa 488 (1:800, Invitrogen), fixed with cytofix for 30 min, and adhered to
glass slides using a Shandon Cytospin. Coverslips were mounted using Antifade Mounting
Medium with DAPI (Mector Labs). Images were acquired with a Leica SP8 Confocal
Microscope. Definiens Developer XD was used to quantify the number of TIM-3 clusters
(area > 0.15 um?) on a per cell basis (DAPI area < 25 um? and roundness > 1).

Gene Expression: Fluorescent-activated cell sorting (FACS) was conducted on a
FACSAriall (BD Biosciences), with 2,000 to 50,000 sorted cells flash frozen in liquid
nitrogen as a cell pellet. For real-time PCR analysis 20 ul of Ambion Cells-to-Ct buffer
(Thermo Fisher Scientific) was added to a cell pellet and 10 pl was used to generate cDNA
according to manufacturer’s directions. PCR was performed using individual TagMan
Assays following a preamplification step (Life Technologies). The comparative threshold
cycle method was used to calculate fold change in gene expression, which was normalized to
a single (7bp) reference gene. For gene expression analysis by Nanostring nCounter, cell
lysates were hybridized to the 770-gene Mouse Pancancer Immune Panel according to the
manufacturer’s protocol (NanoString Technologies). Briefly, 20 ul of Ambion Cells-to-Ct
buffer (Thermo Fisher Scientific) was added to a cell pellet and a 5.0 pl volume of lysate
was hybridized to the NanoString reporter and capture probes in a thermal cycler for 16 hr at
65°C. Washing and cartridge immobilization were performed on the NanoString nCounter
PrepStation, and the cartridge was scanned at 555 fields of view on the nCounter Digital
Analyzer.

Quantification and statistical analysis

Nanostring: Raw probe counts were captured by nCounter® Digital Analyzer and pre-
processed by nSolver™ Analysis Software v2.5. Initial quality control (QC) was performed
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to inspect the quality of imaging, binding density, and positive controls following the
nSolver user manual. Data normalization was then performed using the NanoStringNorm
package (v1.2.1) (Waggott et al., 2012). Specifically, endogenous probes were normalized to
the positive control probe counts using “geo.mean” method and to the housekeeping gene
counts using the “housekeeping.geo.mean’ method. Differential expression analysis was
performed on the log2-transformed normalized data using NanoStringNorm. Genes with
false positive rate (FDR) adjusted p-value <0.05 and [fold-change|>2 were considered as
significantly differentially expressed due to the presence of THS, and visualized by
heatmaps and volcano plots. Pathway enrichment analysis of the differentially expressed
genes was performed using MetaCore. The statistical significance of the enriched pathways
was evaluated by hypergeometric distribution p-value adjusted for FDR.

Statistical analyses: For growth curves significance was determined via 2-way ANOVA
with Tukey’s multiple comparisons test, with significance shown for the final data point. A
2-way unpaired t-test or 2-way unpaired t-test with Welch’s correction was used for
comparison between groups with equal or unequal variance, respectively. Comparisons
between multiple groups were performed via 1-way ANOVA. Analyses were performed
using Prism 8 or 9 (GraphPad). Significance is shown as *p<0.05, **p <0.01, ***p<0.001 as
described in each figure legend.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Highlights
TIM-3 blockade promotes endocytosis of extracellular DNA by dendritic cells
DNA uptake and CXCLS9 expression by dendritic cells is HMGB1-dependent
Galectin-9 regulates TIM-3 cell surface clustering and inhibitory function

Anti-tumor efficacy of TIM-3 mAb and paclitaxel is dependent upon cGAS
and STING

Immunity. Author manuscript; available in PMC 2022 June 08.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuepy Joyiny

1duosnuely Joyiny

de Mingo Pulido et al. Page 22
A 8o B CD8a’cDC1 C Process Networks -log,,(FDR)
negative <. +hs B HS + IgG. HS + aTIM-3 10 5 0 5 10 15
! selection E+aTIMG g2 3 fn sionok
J 2.6n Jak-STAT pathway g
flow cytometry  antibody Innate resp._RNA viral inf
of cell sorting *Tabelling ):r'f Innate inflam, resp. -
IL-4 signaling
20000+ — Jak-STAT pathway
e NK ced cytotoxicty E
) ifn signaiing
_15000_ 5 Cxcl10
w
= bt Pathway Maps -log, (FOR)
210000+ *kk e 9 8 1
g '_L IFN-l signal via JAK/STAT
o ¢ l,mz Mac/DC pheno. shift_cancer
5000 %% i Attenuation of antivirus resp.
— Fy Lt Inter-cellular refations in COPD)
L kB Glomerular injury in Lupus|
ol & & ameeg Cazoy  'Mfuence of MM on BM stroma) §
HE #5330+ Bt 4t Atten. IFN- signal in melanoma
QTIM3 - + - + = + - + - + - + b '"I‘F’Nﬂr'f‘zc"'w“':'"m
2h 4h 6h 2h 4h 6h e Inflamm, by alveolar macs.
CD8a'cDC1  CD11b* cDC2 = o s i cons g
2o T 5 Loanoae I8
D *kk
200009 r———
| = | = |
: § 1| & || @] (o]
_ 15000 * 215 614 : 806 ‘ 837 >
T ey ] i 1 1 8
= ' ' ‘ ‘. o
e - Auneatos | diewa e e 7
3 *k : 2 =LA A
5000 . o —o i Q
w 5. 0 [0 C | 0= |
T — = Ko i e o 3 Tl ! i | -
T Wil P, - - a.l 054 | a3 455 728 ©
e S I N o { { i &
& &« & &« I lunmesed iena IFNG 1Ny 8
CD8a* cDC1 CD11b* cDC2 CXCL9-PE
E 20000 Hkk ok 1= I
1 [ | o]
- | o oo g
B S | 14
15000- ' y v
i 286 207 763 7% ) 9
- ' HS + aTIM-3 [
9} 10000 L SN M oL . g f'iN_AR._‘____._‘
2 dkk  kkk ‘
© 5000 o ' | 8
i & . 3
o [o |lom|ie B
0 - _p—— E o J - wln
NS » B 5 T ey R (;) 057 084 509 NS*q:YIM-‘i‘z ‘g
aTlM3 = - 4+ = 4 = - 4 - + = |untested - lus 1S + aTiM-3 - |+ aiFNAR ™
alFNART - - . 4+ + - - . 4 CAXCLQ‘ PE. 2 - T . v v
CDB8a’ cDC1 CD11b’ cDC2 )

Figure 1. TIM-3 blockade induces a type | IFN response in splenic cDC1s.
(A) Intracellular flow cytometric detection of CXCL9 in splenic cDCs following a 2-6 hr

incubation with tumor cell debris generated by heat shock (HS), either in the presence of a
rat 1gG,, isotype control or the RMT3-23 TIM-3 blocking antibody (aTIM-3). n=3
technical replicates, with one of three independent experiments shown. (B) Significant
(Z2<0.05) gene expression changes in splenic CD8a* cDC1 following stimulation with HS
and a TIM-3, compared to HS and 19gG,,. n=6 biological replicates, data compiled from two
independent experiments. (C) Pathway analysis of significantly (p<0.05) altered genes from
B. (D) Intracellular flow cytometric detection of CXCL9 in splenic ¢cDCs following a 6 hr
stimulation with 10 ng/ml IFN-vy, IFN-a, or IFN-B. n=3 technical replicates, with one of
four independent experiments shown. (E) Intracellular flow cytometric detection of CXCL9
in splenic cDCs following a 6 hr stimulation with HS, a TIM-3, or alFNAR1. n=3 technical
replicates, with one of three independent experiments shown. For A, D and E data reflect the
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mean; significance determined by an unpaired t test (A) or one-way ANOVA (D, E) and
shown as *p<0.05, **p <0.01, ***p<0.001. See also Figure S1.
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Figure 2. CXCLJ9 expression is dependent upon extracellular DNA and STING
(A-F) Intracellular flow cytometric detection of CXCLJ9 in splenic ¢cDCs following a 6 hr

stimulation with supernatant generated by heat shock (HS). (A) Splenic cDCs incubated
with HS + aTIM-3, with DNase (50 U/ml) or RNase (10 pug/ml) added to the supernatant 15
min prior to stimulation as indicated. (B) Splenic cDCs stimulated with 10 pg/ml of 2°3’-
cGAMP or 3°3’-cGAMP in the presence or absence of alFNARL. (C) C57BL6/J or STING-
deficient CD8a.* ¢cDCs incubated with HS + aTIM-3. (D) C57BL6/J, MyD88-deficient,
TRIF-deficient, or MAVS-deficient CD8a* cDCs incubated with HS + aTIM-3. (E)
C57BL6/J or Cgas-deficient CD8a* cDCs incubated with HS + aTIM-3. (F) CD8a* cDCs
stimulated with HS generated using PyMT cells deficient in Sting or Cgas. (G) Intracellular
flow cytometric detection of CXCL9 in iCD103* BMDCs incubated for 24 hr with HS *
aTIM-3. (H) Western blot of nuclear pIRF3 or pTBK1 in iCD103" BMDC lysate following
a 3 hr incubation with HS + a TIM-3. The STING agonist DMXAA was used as a positive
control. Nuclear p84, as well as total IRF3, TBK1, vinculin and B-actin were used as loading
controls. For A-G, data reflect technical replicates and the mean, with one of three (A, C, G,
H) or one of two (B, D, E, F) representative experiments shown. Significance was
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determined by a one-way ANOVA (A-E, G) and is shown as ***p<0.001. See also Figure
S2.
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Figure 3. STING expression by cDC1s is required for efficacy of aTIM-3/PTX
(A) Treatment schematic for creation of BM chimeras, PyMT tumor implantation, and

treatment with paclitaxel (PTX) and a TIM-3. (B-F) Relative tumor volume in chimeric
C57BL/6J animals reconstituted with BM from wild type (WT) C57BL/6J mice or Sting-
deficient (B), Cgas-deficient (C), 7rifdeficient (D), Myd8&-deficient (E), or Mavs-deficient
(F) animals. For A-F, data reflect the mean + SEM, with n=6-10 mice per group, and one of
two representative experiments shown. (G) Relative tumor volume in mixed BM chimeric
animals after the administration of DT to deplete XcrZ-DTR* ¢cDC1s just prior to treatment
with PTX £ aTIM-3. Data reflect the mean + SEM, with n=8-10 mice per group, merged
from two independent experiments. (H) Percentage of cDC1s within tumors from F, using
flow cytometry to distinguish XcrZ-DTR* cDC1s by expression of Venus. Data reflect the
mean + SEM, with 4-5 mice per group. Significance was determined by a two-way (A-G) or
one-way (H) ANOVA and is shown as *p<0.05, ***p<0.001. See also Figure S3.
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Figure 4. TIM-3 suppresses endocytosis of extracellular DNA by cDCs
(A) Intracellular flow cytometric detection of tumor cell DNA (EdU-labeled) within splenic

cDCs after a 2 hr incubation with HS + aTIM-3. DNase (50 U/ml) was added at the start of
incubation to prevent uptake, or after 90 min to demonstrate intracellular localization. Data
reflect the mean of 3 technical replicates, with one of three representative experiments
shown. Significance was determined by one-way ANOVA and is shown as *p<0.05, **p
<0.01, ***p<0.001. (B) Same as A, but using image cytometry to detect intracellular
localization of tumor cell-derived DNA. Images are representative of three independent
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experiments. (C) Stacked confocal microscopy images displaying EdU-labeled exogenous
DNA (red), MHCII (blue) and GAPDH (green) in iCD103* BMDCs treated with HS +
aTIM-3 for 2 hrs. DNase was added for the final 15 min to digest remaining extracellular
DNA. Two representative images from one of 4 independent experiments are shown.
Analysis of 9 images per group is shown on the right, quantifying the detection of EdU
within 20 individual cells (top) and the percent of EdU colocalized with GAPDH (bottom).
Data reflects the mean, with significance determined by an unpaired t test and shown as **p
<0.01, ***p<0.001. (D) Impact of Ciliobrevin D (Cilio. D) on EdU-labelled DNA uptake or
phagocytosis of pHrodo Deep Red E. coli BioParticles by FLT-3L BMDCs. (E) Impact of
Dynasore on EdU-labelled DNA uptake or endocytosis of pHrodo Red Transferrin by
FLT-3L BMDCs. For D-E, data reflect the mean + SD, significance determined by an
unpaired t test and shown as ***p<0.001, with one of three independent experiments shown.
See also Figure S4.
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Figure 5. Uptake of extracellular DNA by cDCs is HMGB1-dependent
(A) Intracellular flow cytometric detection of CXCL9 in CD8a* splenic cDC1s following a

6 hr stimulation with tumor debris generated by heat shock (HS) or irradiation (IR). aTIM-3
and a neutralizing antibody against HMGB1 were used as indicated. (B) Intracellular flow
cytometric detection of tumor cell DNA (EdU-labeled) within splenic cDCs after a 2 hr
incubation with HS, aTIM-3, or aHMGBL. (C) Flow cytometry detection of synthetic,
rhodamine-labelled B-DNA in iCD103* BMDCs after a 2 hr incubation in the presence or
absence of aTIM-3. HMGB1 was admixed with B-DNA at a 1:1 ratio (w/w) for 15 min
prior to the incubation as indicated. For A-C, data reflect the mean of 3 technical replicates,
with one of two (A) or three (B, C) representative experiments shown. Significance was
determined by one-way ANOVA and is shown as ***p<0.001. (D) Relative volume of
PyMT tumors in C57BL/6J animals treated with PTX, aTIM-3, or aHMGBL1. Data reflect
the mean + SEM, with n=7-10 per group, and one of two representative experiments shown.
Significance was determined by two-way ANOVA and is shown as ***p<0.001. See also
Figure S5.
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Figure 6. Galectin-9 regulates TIM-3 clustering and function
(A) Relative tumor volume in mice bearing orthotopic PyMT tumors treated with PTX and

19Go,, aTIM-3, or aGalectin-9 (aGal-9). Treatment was initiated when tumors reached
~100 mm3. Data reflect the mean = SEM, with n=11-12 mice per group compiled from 2
separate experiments. Significance was determined by two-way ANOVA and is shown as
*p<0.05. (B) Intracellular flow cytometric detection of CXCLS9 in splenic CD8a* ¢cDC1s
following a 6 hr incubated with HS £ a TIM-3 or aGal-9. Data reflects the mean of 3
technical replicates, with one of two experiments shown. Significance determined by one-
way ANOVA and is shown as ***p<0.001. (C) Representative histograms displaying surface
expression of galectin-9 on splenic or tumor cDCs, as determined by flow cytometry. One of
two experiments is shown. (D) Intracellular flow cytometric detection of tumor cell DNA
(EdU-labeled) within splenic cDCs after a 2 hr incubation with HS, a TIM-3, or aGal-9
(clone RG9-1). Data reflect the mean of 3 technical replicates, with one of three
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experiments is shown. Significance was determined by one-way ANOVA and is shown as
*p<0.05; ***p<0.001. (E) Surface expression of TIM-3 or galectin-9 on iCD103* BMDCs,
either untreated (black) or treated with 2 pg/ml recombinant murine galectin-9 (rmGal-9) for
30 min (red). Data reflect the mean of 3 technical replicates, with one of three experiments is
shown. Significance was determined by t test and is shown as **p<0.01. (F) Stacked
confocal microscopy images displaying TIM-3 (green) and DAPI (bluge) in iCD103*
BMDC:s, either untreated or treated with rmGal-9 + aGal-9 (RG9-1) for 30 min. Analysis of
images is shown to the right, quantifying the number of TIM-3 clusters per cell and shown
as the average per field of view (FOV) from one of three experiments. Significance was
determined by one-way ANOVA and is shown as ***p<0.001. See also Figure S6.
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Figure 7. TIM-3 blockade increases DNA uptake and chemokine expression by human ¢DCs
(A-C) Intracellular flow cytometric detection of EdU-labelled DNA in human peripheral

blood cDCs isolated by negative selection from healthy donors. cDCs were incubated with
MDA-MB-231 cellular debris generated by heat shock (HS) and TIM-3 blocking antibodies
for 2 hr as indicated. (A) Representative density plots for CD141* cDC1s. (B) Percentage of
EdU positive CD141* ¢cDC1s. (C) Percentage of EdU positive CD1c* cDC2s. (D)
Significant (p<0.05) gene expression changes in peripheral blood CD141* ¢cDC1 following
stimulation with HS and a TIM-3 for 24 hrs, compared to HS and 1gG4. n=5 biological
replicates, data compiled from two independent experiments. (E) Pathway analysis of
significantly altered genes from D, showing Process Networks with a false discovery rate
(FDR) > 4, and Pathway Maps with a FDR > 5. (F-H) Intracellular flow cytometric detection
of CXCL10 in human peripheral blood cDCs following a 24 hr incubation with HS +
aTIM-3. (F) Representative density plots for CD141* cDC1s. (G) Percentage of CXCL10
positive CD141* cDCl1s. (H) Percentage of CXCL10 positive CD1c* cDC2s. Data reflect
the mean of 2 technical replicates from 6 individual donors. Data compiled from three
independent experiments. Significance was determined by a ratio paired t test and is shown
as *p<0.05, **p <0.01, ***p<0.001. See also Figure S7.
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KEY RESOURCES TABLE

REAGENT or RESOURCE SOURCE IDENTIFIER
Antibodies
Anti-mouse Ly6G clone 1A8 BUV395 BD Cat# 563978
RRID:AB_2716852
Anti-mouse CD24 clone M1/69 BUV496 BD Cat#t 564664
RRID:AB_2716853
Anti-mouse CD19 clone 1D3 BUV737 BD Cat# 564296
RRID:AB_2716855
Anti-mouse CD8 alpha clone 53.6-7 BUV800 BD Cat# 564920
RRID:AB_2716856
Anti-mouse CD8 alpha clone 53.6-7 BB700 BD Cat# 566409
RRID:AB_2744467
Anti-mouse MHCII M5/114.15.2 BV421 BD Cat# 562564
RRID:AB_2716857
Anti-mouse CD11c clone N418 BV605 BioLegend Cat# 117334
RRID:AB_2562415
Anti-mouse CD11c clone N418 APC BioLegend Cat# 117310
RRID:AB_313779
Anti-mouse CD4 clone RM4-5 BV650 BD Cat# 563747
RRID:AB_2716859
Anti-mouse/human CD11b M1/70 BV711 BD Cat# 563168
RRID:AB_2716860
Anti-mouse/human CD11b M1/70 BB515 BD Cat# 564454
RRID:AB_2665392
Anti-mouse CD45 30-F11 BV785 BD Cat# 564225
RRID:AB_2716861
Anti-mouse CD69 H¥%F3 FITC BioLegend Cat# 104506
RRID:AB_313109
Anti-mouse CD3 epsilon clone 17A2 PerCP-Cy5.5 BD Cat# 560527
RRID:AB_1727463
Anti-mouse PDCA-1 clone 927 PE BioLegend Cat# 127010
RRID:AB_1953285
Anti-mouse CD49b clone DX5 PE-Dazzle BioLegend Cat# 108924
RRID:AB_2565271
Anti-mouse CD103 clone 2E7 PE-Cy7 BioLegend Cat# 121426
RRID:AB_2563691
Anti-mouse F4/80 clone BM8 APC BioLegend Cat# 123116
RRID:AB_893481
Anti-mouse Ly6C clone HK1.4 APC-Cy7 BioLegend Cat# 128026
RRID:AB_10640120
Anti-mouse CXCL9 PE BioLegend Cat# 515604
RRID:AB_2245489
Anti-mouse TIM-3 clone RMT3-23 PE BioLegend Cat# 119703
RRID:AB_345377
Anti-mouse TIM-3 clone RMT3-23 FITC ThermoFisher Cat# 11-5870-82
RRID:AB_2688129
Anti-mouse P2X7R clone 1F11 PE BioLegend Cat# 148703
RRID:AB_2650951
Anti-mouse Galectin-9 clone 108A2 APC BioLegend Cat# 137912
RRID:AB_2750155
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REAGENT or RESOURCE SOURCE IDENTIFIER
Anti-mouse Galectin-9 clone RG9-35 PE BioLegend Cat# 136103
RRID:AB_1953306
Anti-FLAG clone L5 PE BioLegend Cat# 637310
RRID:AB_2563148
Anti-mouse CD16/CD32 clone 2.4G2 (Fc block) BD Cat# 553142
RRID:AB_394657
Anti-mouse CD3 epsilon clone 145-2C11 biotin BioLegend Cat# 100304
RRID:AB_312669
Anti-mouse/human B220 clone RA3-6B2 biotin BioLegend Cat# 103204
RRID:AB_312989
Anti-mouse Ly6G clone 1A8 biotin BioLegend Cat# 127604
RRID:AB_1186108
Anti-mouse CD49b clone DX5 biotin BioLegend Cat# 108904
RRID:AB_313411
Anti-mouse Ter119 clone TER-119 biotin BioLegend Cat# 116204
RRID:AB_313705
Anti-mouse TIM-3 clone RMT3-23 (LEAF) BioLegend Cat# 119708
RRID:AB_2564109
Anti-mouse/human HMGBL clone 3E8 (Ultra-LEAF) BioLegend Cat# 651414

RRID:AB_2728488

Anti-human/mouse GAPDH (polyclonal)

ThermoFisher

Cat# PAL-16777
RRID:AB_568552

Donkey anti-rabbit I1gG (polyclonal) Alexa 488

ThermoFisher

Cat# A21206
RRID:AB_2535792

Anti-human/mouse phospho TBK1/NAK (Serl172) (D52C2) XP Rb mAb | Cell signaling

Cat# 5483
RRID:AB_10693472

Anti-human/mouse TBK1/NAK (D1B4) Rb mAb Cell signaling Cat# 3504
RRID:AB_2255663
Anti-human/mouse phospho IRF3 (Ser396) (D601M) Rb mAb Cell signaling Cat# 29047
RRID:AB_2773013
Anti-human/mouse IRF3 (D83B9) Rb mAb Cell signaling Cat# 4302
RRID:AB_1904036
Anti-mouse Cgas (D3080) Rb mAb Cell signaling Cat# 31659S
RRID:AB_2799008
Anti-human/mouse STING (D2P2F) Rb mAb Cell signaling Cat# 13647S
RRID:AB_2732796
Anti-mouse/human nuclear matrix protein p84 (5E10) Abcam Cat# Ab487
RRID:AB_304696
Anti-mouse/human B-actin Millipore-Sigma Cat# A2228
RRID:AB_476697
Anti-mouse/human Vinculin Millipore-Sigma Cat# V9131
RRID:AB_477629
Anti-rabbit IgG HRP linked Millipore-Sigma Cat# NA934V
RRID:AB_2722659
Anti-mouse 1gG HRP linked BioLegend Cat# 405306

RRID:AB_315009

Anti-GAPDH mAb (GALR)

ThermoFisher

Cat# MA5-15738
RRID:AB_10977387

Goat anti-Rabbit 1gG (H+L), DyLight 800 4X PEG

ThermoFisher

Cat# SA5-35571
RRID:AB_2556775
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REAGENT or RESOURCE

SOURCE

IDENTIFIER

Goat anti-Mouse 1gG (H+L), DyLight 680

ThermoFisher

Cat# 35519
RRID:AB_1965956

Polyclonal goat anti-fluorescein, Alexa 488

ThermoFisher

Cat# A11096
RRID:AB_221558

Anti-mouse TIM-3 clone RMT3-23

BioXCell

Cat# BE0115
RRID:AB_10949464

Anti-mouse TIM-3 clone RMT3-23 (mouse 1gG2a) TESARO: A GSK Company | N/A

Anti-mouse TIM-3 clone RMT3-23 (mouse 1gG1-D265A) TESARO: A GSK Company | N/A

Anti-mouse Galectin-9 clone RG9-1 BioXCell Cat# BE0218
RRID:AB_2687702

Anti-mouse IFNAR1 clone MAR1-5A3 BioXCell Cat# BE0241
RRID:AB_2687723

Rat anti-HRPN Isotype Control (IgG1) BioXCell Cat# BE0088
RRID:AB_1107775

Rat anti trinitrophenol Isotype Control (IgG2a) BioXCell Cat# BE0089
RRID:AB_1107769

Anti-human CD45 clone H130 BV785 BD Cat# 563716
RRID:AB_2716864

Anti-human HLA-DR clone L243 APC-Fire750 BioLegend Cat# 307658
RRID:AB_2572101

Anti-human CD16 clone 3G8 BV421 BD Cat# 562874

RRID:AB_2716865

Anti-human CD3 epsilon clone OKT3 PerCP710

ThermoFisher (eBioscience)

Cat# 46-0037-42
RRID:AB_1834395

Anti-human CD56 clone HCD56 BB700 BD Cat# 555518
RRID:AB_398601
Anti-human CD19 clone SJ25C1 BB700 BD Cat# 566396
RRID:AB_2744310
Anti-human CD11c clone 3.9 BV650 BioLegend Cat# 301638
RRID:AB_2563797
Anti-human CD14 clone M5E2 BUV805 BD Cat# 565779
RRID:AB_2716868
Anti-human CD11b clone ICRF44 BUV395 BD Cat# 563839
RRID:AB_2716869
Anti-human BDCA1/CD1c clone F10/21A3 BB515 BD Cat# 565054
RRID:AB_2716870
Anti-human BDCA3/CD141 clone M80 APC BioLegend Cat# 344106
RRID:AB_10899578
Anti-human CD123 clone 6H6 BV650 BioLegend Cat# 306020
RRID:AB_2563827
Anti-human CXCL9 clone J1015E10 BioLegend Cat# 357904
RRID:AB_2562009
Anti-human CXCL10 clone J034D6 PE BioLegend Cat# 519504
RRID:AB_2561409
Anti-human TIM-3 clone F38-2E2 (Ultra-LEAF) BioLegend Cat# 345009

RRID:AB_11150398

Anti-human TIM-3 clone TSR-022

TESARO: A GSK Company

N/A

Anti-human TIM-3 clone TSR-A7

TESARO: A GSK Company

N/A

Bacterial and Virus Strains

N/A
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REAGENT or RESOURCE | SOURCE | IDENTIFIER
Biological Samples

Adult peripheral blood mononuclear cells | OneBlood | N/A

Chemicals, Peptides, and Recombinant Proteins

Paclitaxel Alvogen 47781-59307-0
Human Flt-3L-1g BioXCell Cat# BE0098
Recombinant mouse IFNy Peprotech Cat# 315-05
Recombinant mouse GM-CSF Peprotech Cat# 315-03
2’3’-cGAMP InvivoGen Cat# tIrl-nacga23
3'3’-cGAMP InvivoGen Cat# tlrl-nacga
DMXAA InvivoGen Cat# tIrl-dmx
Poly(dA:dT) rhodamine (synthetic B-DNA analog) InvivoGen Cat# tirl-patrh
Recombinant mouse IFNa BioLegend Cat# 751802
Recombinant mouse IFNB1 BioLegend Cat# 581302
Recombinant mouse HMGB1 BioLegend Cat# 764004
Zombie NIR Fixable Viability Kit BioLegend Cat# 423105
TrueStain FcX Block BioLegend Cat# 422302
Brefeldin A (1000x solution) BioLegend Cat# 420601
Monensin (1000x solution) BioLegend Cat# 420701
Recombinant mouse galectin-9 R&D Systems Cat# 3535-GA-050
Recombinant mouse TIM-3-Fc R&D Systems Cat# 1529-TM-050
D-Lactose monohydrate Sigma-Aldrich Cat# 61339
Diphtheria Toxin Sigma-Aldrich Cat# D0564
Polybrene infection/transfection reagent Sigma-Aldrich TR-1003-G
Collagenase A Millipore Sigma 11088793001
DNAse I, grade Il from bovine pancreas Roche 10104159001

Matrigel GFR/LDEV-Free

ThermoFisher

Cat# CB-40230

Live/Dead Fixable Aqua Dead Cell Stain

ThermoFisher

Cat# L34957

Hygromycin B

ThermoFisher

Cat# 10-687-010

FastDigest Esp3l

ThermoFisher

Cat# FD0454

AccuCheck Counting Beads

ThermoFisher

Cat# PCB100

polyethylenimine 25kDa (PEI) transfection reagent

Polysciences

Cat# 23966-2

Dynasore, dynamin inhibitor I, CAS 30448-55-3 Millipore-Sigma Cat# 324410
Ciliobrevin D, dynein inhibitor Millipore-Sigma Cat# 250401
Critical Commercial Assays

Single Tube TagMan Gene Expression Assays ThermoFisher Scientific Cat# 4331182

nCounter Mouse Pan-Cancer Immune Panel NanoString XT-CSO-MIP1-12
nCounter Human Pan-Cancer Immune Panel NanoString XT-CSO-HIP1-12
Click-iT EdU Cell Proliferation Kit Alexa 594 Invitrogen Cat# C10339
NE-PER Nuclear and Cytoplasmic Extraction Reagent ThermoFisher Cati# 78833

Immunity. Author manuscript; available in PMC 2022 June 08.

Page 36



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuen Joyiny

de Mingo Pulido et al.

REAGENT or RESOURCE SOURCE IDENTIFIER
In-Fusion HD cloning kit TakaraBio Cat# 638909
Nucleospin PCR/Gel purification kit TakaraBio Cat# 740609.5
Nucleospin Plasmid miniprep TakaraBio Cat# 740588.5
PureLink HiPure Plasmid Midiprep kit ThermoFisher Cat# K210004
pHrodo Red Transferrin Conjugate ThermoFisher Cat# P35376
pHrodo Deep Red E. coli BioParticles ThermoFisher Cat# P35360
Deposited Data
N/A
Experimental Models: Cell Lines
MDA-MB-231 ATCC Cat# HTB-26
RRID:CVCL_0062
PyMT-B6 David G. DeNardo, Meyer et al. Nat.
Washington University Commun. 2018
PMID: 29593283
LentiX-239T Takara Bio Cat# 632180
Experimental Models: Organisms/Strains
Mouse: B6.FVB-Tg(MMTV-PyVT)634Mul/J The Jackson Laboratory RRID:
IMSR_JAX:022974
Mouse: B6.Cg-Tg(ltgax-cre)1-1Reiz/J The Jackson Laboratory RRID:
IMSR_JAX:008068
Mouse: BC(Cg)-Irf8tm1.1hm/J The Jackson Laboratory RRID:
IMSR_JAX:014175
Mouse: B6(Cg)- Xcr1im2(HEEGF/Verus)Ksho (xcr]-DTR) Matthew Krummel, UCSF RRID:

IMSR_RBRC09485

Mouse: B6(Cg)- Tmem1 73m1-2Camb|

The Jackson Laboratory

RRID:
IMSR_JAX:025805

B6.129P2(SIL)- Myasgm.-10¢f]3

The Jackson Laboratory

RRID:
IMSR_JAX:009088

C57BL/6J- Ticam1tP2)) The Jackson Laboratory RRID:
IMSR_JAX:005037
B6(C)- CgasmIaEUCOMM)Hmgu ) The Jackson Laboratory RRID:
IMSR_JAX:026554
B6;129- Mavsim1Zic) The Jackson Laboratory RRID:
IMSR_JAX:008634
Mouse: C57BL/6J The Jackson Laboratory RRID:

IMSR_JAX:000664

Oligonucleotides

Non-targeted (GGACATTACATATAAGACCA) Integrated DNA Technology | N/A

Mb21d1 (CGGGCCGCAGCTTTCCGCGT) Integrated DNA Technology | N/A

Tmem173 (CAGTAGTCCAAGTTCGTGCG) Integrated DNA Technology | N/A

Recombinant DNA

lentiCRISPRv2 hygro Addgene Cat# 98291
RRID:Addgene_982
91

pCMV VSV-G Addgene Cat# 8454

RRID:Addgene_845
4
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REAGENT or RESOURCE SOURCE IDENTIFIER

psPAX2 Addgene Cat# 12260
RRID:Addgene_122
60

pET28a-Flag-HMGB1-6xHIS Addgene Cat# 53561
RRID:Addgene_535
61

Software and Algorithms

FlowJo Version 9 and 10 FlowJo LLC https://
www.flowjo.com
RRID:SCR_008520

Prism Version 8 GraphPad https://
www.graphpad.com/
scientific-software/
prism/
RRID:SCR_002798

Other

Mouse anti-human 1gG (Fc) Coated Polystyrene Particles (10.0-14.0 Spherotech Cat# HUAMP-100-4

Hm)

MojoSort Streptavidin Nanobeads BioLegend Cat# 480016
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