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Adenoviral delivery of an immunomodulatory
protein to the tumor microenvironment
controls tumor growth
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Targetedmodulation of the immune system against tumors can
achieve responses in otherwise refractory cancers, which has
spurred efforts aimed at optimizing such strategies. To this
end, we have previously investigated cancer immunotherapy
approaches using recombinant adenovirus vectors, as well as
via modulation of the self-ligand receptor SLAMF7. Here, we
present a gene transfer-based immunotherapy approach using
targeted expression of a SLAMF7-Fc fusion construct directly
into tumors at high concentrations via a recombinant adeno-
viral vector (Ad-SF7-Fc). Using multiple murine cancer
models, we show that Ad-SF7-Fc can induce tumor control
via augmentation of innate immunity; specifically, induction
of type I interferons and activation of dendritic cells (DCs)
and macrophages. Analogously, we find that modulating
SLAMF7 signaling via an adenoviral vector expressing its intra-
cellular adaptor, EAT-2, is also capable of inducing tumor con-
trol. Finally, we employ a novel in vivo prediction approach and
dataset integration with machine learning to dissect how Ad-
SF7-Fc modulates cell-type-specific responses in the tumor
microenvironment to achieve tumor control. Thus, our novel
combinatorial cancer immunotherapy highlights the benefit
of multimodal immune modulation and lays a framework for
combination with complementary approaches capable of
inducing adaptive immune responses.
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INTRODUCTION
Cancer immunotherapy has revolutionized the way we think
about cancer from both treatment and research perspectives.1

Currently, the most clinically successful approaches to antagonize
the immune system against tumors rely on the use of monoclonal
antibodies which, for the most part, modulate T cell responses.2

While highly efficacious in subsets of patients with certain can-
cers,1,2 these antibodies still suffer a number of limitations, not
limited to: their non-selective targeting of immune cells systemi-
cally, induction of autoimmunity,3 development of resistance,4

high production cost, and exaggerated adverse effects when used
in combination.5 As an alternative approach to induce anti-cancer
immune responses, recombinant viral vectors have been investi-
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gated, including a number of studies and clinical trials using hu-
man recombinant adenovirus vectors.6,7 These viral approaches
function via multiple mechanisms including direct cytolysis of tu-
mor cells and augmentation of anti-tumor immune responses,7

but have fallen short of the impressive responses produced by
monoclonal antibodies.1,2 Combining antibody-based and viral-
based approaches has the potential to address a number of the is-
sues faced by these individual therapies.

The signaling lymphocytic activation molecule family member 7
(SLAMF7) (CRACC, CD319, CS-1) is a self-ligand receptor,
restricted to hematopoietic cells and expressed at varying fre-
quencies on different immune cell subsets.8–10 SLAMF7 is capable
of mediating both activating and inhibitory signals in immune
cells; a distinction largely dependent on the presence of its adaptor
protein, Ewing’s sarcoma-associated transcript 2 (EAT-2).11 When
SLAMF7 is activated in the presence of EAT-2, EAT-2 binds to
SLAMF7’s phosphorylated intracellular immunoreceptor tyro-
sine-based switch motif (ITSM) and mediates immune cell activa-
tion, while in the absence of EAT-2, various inhibitory SH2
domain-containing phosphatases are recruited to SLAMF7’s
ITSM.11,12 We recently demonstrated that SLAMF7 activation in
type I interferon stimulated monocytes, which lack EAT-2, results
in inhibition of pro-inflammatory chemokine responses.8 We also
found that SLAMF7 signaling on CD8+ T cells reprograms them
toward an exhausted phenotype, a finding of particular relevance
to cancer immunotherapy.10 A number of studies have also
described various roles for SLAMF7 on natural killer (NK) cell
and dendritic cell (DC) activation/function11–13 that, considering
how important functions of these two cell types are to tumor
control, suggest therapeutically targeting SLAMF7 could affect
anti-tumor immune responses.
thors.
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Figure 1. Ad-SF7-Fc expresses SF7-Fc and activates NK cells and DCs

(A) HEK-293-C7 cells (n = 3) were control treated with PBS (naive) or infected at

an MOI of 1 � 103 with Ad-null or Ad-SF7-Fc overnight and SLAMF7 gene

expression was assessed. BALB/c mice were injected I.V. with 1 � 1010 v.p. of

Ad-null (n = 6), Ad-SF7-Fc (n = 6), or not injected (naive, n = 3), spleens were

harvested 10 h later and immune cell phenotype was analyzed by flow

cytometry. (B) IFNg production by NK cells. (C) CD69 expression on NK cells.

(D) CD86 expression on cDC cells. (E) CCR7 expression on cDC cells. (F) CD86

expression on macrophages. All data presented as mean ± standard error of

the mean and representative of a single experiment. Groups compared with

one-way ANOVA with Tukey’s multiple comparison test. *p < 0.05; **p < 0.01;

***p < 0.001; ****p < 0.0001; n.s. = not significant.
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Extending these findings, we recently demonstrated that targeting
SLAMF7 using a SLAMF7-Fc (CRACC-Fc, SF7-Fc) fusion protein
enhanced natural killer cell (NK) cell and DC activation.14 Therefore,
we hypothesized that a recombinant adenovirus vector-expressing
SLAMF7-Fc (Ad-SF7-Fc) may augment anti-tumor responses via
localized immune activation from both the adenovirus vector and
SLAMF7-Fc, while delivering high levels of SLAMF7-Fc to the tumor
microenvironment (TME) in a targeted, cost-effective manner.
Through testing Ad-SF7-Fc across multiple murine cancer models,
we found this integrated immunotherapy capable of augmenting
innate immune responses and concordantly controlling tumor
growth. Novel in vivo prediction approaches confirm Ad-SF7-Fc
can enhance pro-inflammatory DC responses and suggest that
SLAMF7 activation on plasmacytoid DCs (pDCs) may be particularly
efficacious in inducing anti-tumor immunity. Finally, we use a ma-
chine learning-based approach to identify the factors critical to tumor
control by Ad-SF7-Fc.

RESULTS
Ad-SF7-Fc induces high expression of SF7-Fc and activates the

innate immune system

While we found that our SF7-Fc fusion protein was able to modulate
SLAMF7 signaling and induce innate immune activation,14 the pro-
duction of large amounts of recombinant proteins like SF7-Fc is
expensive and delivery to specific locations challenging.15,16 To
address this, we constructed a recombinant, replication deficient
adenovirus vector capable of expressing SF7-Fc (Ad-SF7-Fc). We first
confirmed the ability of Ad-SF7-Fc to express SF7-Fc by infecting
HEK293 cells (Figure 1A).

Previously, we found co-administration of SF7-Fc fusion protein and
Ad-null increased IFNg production by NK cells.14 Here, we found
that treatment with Ad-SF7-Fc increased IFNg production and
CD69 expression on NK cells compared with the Ad-null control
(Figures 1B and 1C). Since we also found that SF7-Fc was capable
of activating DCs,14 we further investigated DC responses after
treatment with Ad-SF7-Fc. We observed increased DC maturation
as evidenced by increased CD86 (Figure 1D) and CCR7 (Figure 1E)
expression on DCs, along with increased CD86 expression on macro-
phages (Figure 1F). Additionally, Ad-SF7-Fc was able to augment
immune cell activation on B cells, CD8+ T cells, and CD4+ T cells
(Figures S1A–S1C).

Ad-SF7-Fc augments cytokine and type I interferon responses

To investigate the impact of Ad-SF7-Fc on cytokine responses, we
evaluated splenic gene expression in mice 6 h after vector injection.
We found up-regulation of Il12, Csf2 (GM-CSF), and Il6 (Figure 2A).
Interestingly, Ad-SF7-Fc decreased expression of CXCL10 (IP-10)
compared with Ad-null (Figure 2A), suggesting SF7-Fc may be acti-
vating SLAMF7 on monocytes; a result consistent with our previous
work.8 Since NK cell activation is mediated by type I interferons
and we previously found that SLAMF7 is both an IFN responsive
gene and modulator of specific IFN responses, we investigated if
Ad-SF7-Fc could augment type I IFN responses. In comparison
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Figure 2. Ad-SF7-Fc induces a proinflammatory

cytokine and IFN response

(A) BALB/c mice were injected I.V. with 1 � 1010 v.p. of

Ad-null, Ad-SF7-Fc, or not injected (naive) and 6 h later

spleens were collected for RNA analysis. (B) Plasma levels

of IL-12(p40) and MIP-1b were compared across treat-

ment groups. All data presented as mean ± standard

error of the mean and representative of a single experi-

ment. Groups compared with one-way ANOVA with Tu-

key’s multiple comparison test. **p < 0.01; ***p < 0.001;

****p < 0.0001; n.s. = not significant.
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with Ad-null-treated mice, we detected increased expression of Ifna,
Ifnb, Isg15, andOas2 in Ad-SF7-Fc-treated mice (Figure 2A). Further-
more, we detected increased IL-12(p40) andMIP-1b (CCL4) proteins
in the plasma of Ad-SF7-Fc-treated mice compared with Ad-null-
treated controls (Figure 2B).

Ad-SF7-Fc controls CT26 tumor growth in the absence of

humoral immune responses

To examine whether Ad-SF7-Fc induces anti-tumor responses
in vivo we used the CT26 mouse model. We first confirmed suc-
182 Molecular Therapy: Oncolytics Vol. 24 March 2022
cessful expression of SF7-Fc in CT26 cells
in vitro (Figures 3A and S3A) and in vivo
(Figure 3B). Then, we treated established
CT26 tumors intra-tumorally (I.T.) with
Ad-null, Ad-SF7-Fc, or untreated (naive).
We found significantly increased survival in
Ad-SF7-Fc treated mice (Figure 3C) and
decreased tumor volume in Ad-SF7-Fc
treated as compared with Ad-null treated
tumors (Figure 3D).

To determine whether the tumor control we
observed was due to an increased adaptive im-
mune response, we investigated if an abscopal
effect17 was present in our CT26 model. To
explore whether Ad-SF7-Fc could induce an ab-
scopal effect we implanted two CT26 tumors in
the hind flanks of mice and treated one side
twice with Ad-null or Ad-SF7-Fc (Figures 3D
and 3E). We not only found superior tumor
control in tumors directly injected with Ad-
SF7-Fc (Figure 3D), but also noted that the
contralateral tumors in mice receiving Ad-
SF7-Fc had superior tumor control compared
with mice receiving Ad-null (Figure 3E). This
indicates that an abscopal effect is present in
mice treated with Ad-SF7-Fc. These data also
suggest that the modulation of SLAMF7 func-
tions by Ad-SF7-Fc induces a memory immune
response against CT26 tumors. We also as-
sessed tumor antigen-specific B cell memory re-
sponses to determine if the adaptive response was humoral in nature.
Mice were co-vaccinated with various adenovirus vectors and CT26
tumor lysate. We found Ad-SF7-Fc/CT26 lysate co-vaccinated mice
produced only slightly higher levels of CT26-specific antibodies
compared with Ad-null/CT26 lysate (Figure S3B). To measure the
functionality of these antibodies, we performed antibody-dependent
cellular cytotoxicity (ADCC) assays using plasma from the vaccinated
mice, carboxyfluorescein succinimidyl ester (CFSE)-labeled CT26
cells, and either total splenocytes (Figure 3F) or isolated NK cells (Fig-
ure 3G). We found no significant difference between cultures using



A B C

D E

F

G

H

Figure 3. Control of CT26 tumor growth by Ad-SF7-

Fc in the absence of an increased humoral immune

response

(A) CT26 cells were untreated (naive) (n = 3) or infected at

an MOI of 1x103 with Ad-null (n = 3) or Ad-SF7-Fc (n = 3)

virus overnight. mRNA was isolated from cells and

SLAMF7 expression was assessed. (B) BALB/c mice

were injected S.Q. in the flank with 1.5 � 105 CT26 cells

and 14 days later mice were injected I.T. with 1 � 1010

v.p. of Ad-SF7-Fc (n = 2) or not injected (naive) (n = 2).

Tumors were harvested 14 h later and SLAMF7 gene

expression was assessed. BALB/c mice were injected

S.Q. with 1.5x105 CT26 cells and eight days later mice

were split into three groups: Ad-null (n = 13), Ad-SF7-Fc

(n = 13), and not injected (naive, n = 15). All viruses were

injected I.T. (C) Kaplan-Meier survival curve of virus

treated CT26 tumor-bearing mice. Tumors were injected

once. (D) Tumor volumes in a second cohort of CT26

tumor-bearing mice. Mice were inoculated on both hind

flanks with CT26 cells and one tumor was injected I.T.

with virus on days 9 and 15. (E) Tumor volumes of the

uninjected tumor from (D). Splenocytes (F) or NK cells (G)

from naive mice were incubated with CFSE labeled CT26

cells and cultured in presence of plasma from Ad-null/

CT26 lysate vaccinated, Ad-SF7-Fc/CT26 lysate vacci-

nated, or non-vaccinated mice. CT26 viability was as-

sessed by flow cytometry to determine percent killing. (H)

CT26 tumors were harvested from mice used in (F and G)

and IHC was performed for CD3, CD8, and DX5. Data

from (A, B, and F–H) presented as mean ± standard error

of the mean and representative of a single experiment.

Data in (C–E) representative of two independent experi-

ments showing similar results. Groups in (A, F, G, and H)

were compared with one-way ANOVA with Tukey’s

multiple comparison test. The log rank test used to

compare groups in (C). A two-way ANOVA with Sidak’s

post-hoc test was used to compare groups in (D and E).

*p < 0.05; ***p < 0.001; ****p < 0.0001; n.s. = not sig-

nificant.
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plasma from Ad-SF7-Fc-vaccinated mice versus Ad-null-vaccinated
mice (Figures 3F and 3G). To determine if Ad-SF7-Fc triggers NK
and T cell infiltration into CT26 tumors, we performed immunohis-
tochemistry and found a moderate increase in CD3+ T cells and DX5+

NK cells in mice vaccinated with Ad-SF7-Fc/CT26 lysate in compar-
ison with Ad-null (Figure 3H). Since only expression of DX5 was used
to identify NK cells, it is possible minor populations of other DX5+

lymphocytes were counted as well. Altogether, this suggests that
Ad-SF7-Fc is capable of generating a memory immune response in
the CT26 model, but that this response is not humoral in nature,
implying that it is cell mediated.

Ad-SF7-Fc controls B16-F10 tumor growth without modulating

T cell exhaustion or remodeling the TME

Since we found that Ad-SF7-Fc augments Th1 cytokine/chemokine
responses, and because it is known that BALB/c mice have Th2
skewed immune responses,18 we reasoned that Ad-SF7-Fc may
function better in the B16-F10 tumor model in C57BL/6 mice. We
first confirmed that our recombinant Ad5 viruses could infect B16
cells (Figure S3A). Assessing the impact of SF7-Fc overexpression
in the TME, we found significantly reduced tumor volumes and
improved survival in B16 tumors treated with Ad-SF7-Fc in com-
parison with the Ad-null-treated controls (Figures 4A and 4B).
Considering we recently discovered that SLAMF7 signaling on
CD8+ T cells reprograms them toward exhaustion,10 we assessed
the exhaustion status of CD8+ tumor-infiltrating lymphocytes
(TILs) from B16 tumors. We found no significant changes in the fre-
quency of ToxhighPD-1high exhausted CD8+ TILs, nor any surface
markers of T cell exhaustion, or proliferation in Ad-SF7-Fc-treated
tumors (Figures 4C–4F and S4A–S4D). Furthermore, we found no
changes in the same markers on CD4+ TILs (Figures S4E–S4I). After
reconstructing the exhaustion developmental trajectory in CD8+

TILs,10,19 we found that Ad-SF7-Fc does not impact progression
through this trajectory (Figure 4G).
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Figure 4. Ad-SF7-Fc controls B16 tumor growth

without affecting T cell exhaustion or remodeling

the TME

(A) C57BL/6 mice were inoculated with 4 � 105 B16-F10

cells and on day seven were treated I.T. with 1� 1010 v.p.

of either Ad-null or Ad-SF7-Fc. (B) Kaplan-Meier survival

curve of virus treated mice. TILs from virus treated B16

tumors were isolated on day 18 and the frequency of

TOXhighPD-1high CD8+ T cells (C), LAG3+ CD8+ T cells (D),

2B4+ CD8+ T cells (E), and CD38+ CD8+ T cells (F) was

assessed. (G) The exhaustion developmental trajectory

(assessed by co-expression of SLAMF6 and CD69)19 of

CD8+ TILs was compared between Ad-null and Ad-SF7-

Fc treated tumors. (H) Tumor infiltrating immune cells from

Ad-null and Ad-SF7-Fc treated B16 tumors were as-

sessed by high dimensional single-cell spectral cytometry.

FlowSOM-generated clusters were displayed on a UMAP

dimensionally reduction plot. (I) Marker expression across

all clusters in (H). (J) Frequency of each immune cell

subset from (H and I) compared across Ad-null and Ad-

SF7-Fc-treated B16 tumors. Data in (A and G) presented

as mean ± standard error of the mean. The log rank test

was used to compare groups in (B). Two-way ANOVAwith

Tukey’s multiple comparison test used to compare

groups in (A and G). Unpaired, two-tailed t test used to

compare groups in (C–F). A generalized linear mixed

model was used to compare groups in (J). All data

representative of two independent experiments showing

similar results. **p < 0.01; ****p < 0.0001; n.s. not signif-

icant. AF = autofluorescence.
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We also profiled the immune TME of these mice using high
dimensional single-cell spectral cytometry. Unbiased clustering
revealed 11 distinct immune cell subsets (Figure 4H), each
displaying expected marker expression patterns (Figure 4I).
The frequency of each cell subset did not significantly change be-
tween Ad-SF7-Fc-treated and Ad-null-treated B16 tumors (Fig-
ure 4J), suggesting that Ad-SF7-Fc does not globally remodel the
TME.
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SLAMF7 expression across the TME and

tumor-infiltrating myeloid cell phenotypes

in Ad-SF7-Fc-treated mice

We next wanted to identify which cell types
in the TME express SLAMF7, and thus might
be modulated by our Ad-SF7-Fc vector.
Using B16 tumor-bearing SLAMF7-deficient
(SLAMF7�/�) mice treated with Ad-null, we
determined SLAMF7 expression across the
TME (Figure 5A). Because we previously found
that Ad-SF7-Fc was able to induce DC activa-
tion (Figure 1D) and IL-12 production (Figures
2A and 2B), we wished to further investigate tu-
mor-infiltrating DC phenotypes in our B16
model. We identified seven distinct DC subsets
(Figures 5B and 5C). We also included markers
in our panel allowing the identification of the
recently described mature regulatory dendritic cell (mregDC) sub-
set20 and found that our panel was capable of efficiently identifying
mature regulatory dendritic cells in an unbiased manner (Figures
5B, 5C, and S5A). Additionally, we identified high co-expression of
SLAMF7 and CD38 on the DC1 B subset (Figure 5D), which was
intriguing, because we recently identified a pathogenic subset of Tu-
mor-associated macrophages (TAMs) in clear cell renal cell carci-
noma (ccRCC) co-expressing the same markers.10 Through a



Figure 5. SLAMF7 expression across the TME and

tumor inflating myeloid cell phenotypes following

Ad-SF7-Fc treatment

(A) SLAMF7 expression across immune cell subsets in B16

tumors after Ad-null treatment. (B) DC subsets in tumors

treated with either Ad-null or Ad-SF7-Fc clustered with

FlowSOMand displayedwith UMAP. (C) Marker expression

from clusters in (B). (D) CD38 and SLAMF7 expression

displayed on UMAP plot of DCs from (B). (E) Frequency of

DC subsets between mice whose B16 tumors respond to

I.T. adenovirus treatment or not. (F) Cytokine and chemo-

kine expression from Ad-null and Ad-SF7-Fc treated B16

tumors. (G) TAM subsets in tumors treated with either Ad-

null or Ad-SF7-Fc clustered with FlowSOM and displayed

with UMAP. (H) Marker expression from clusters in (G). (I)

Co-expression of SLAMF7 and PD-L1 on all TAMs (colored

by subset). (J) Spearman’s correlation coefficient of

SLAMF7 and PD-L1 on all immune cell subsets from B16

tumors treated with adenovirus. A generalized linear mixed

model was used to compare groups in (E). An unpaired,

two-tailed t test used to compare groups in (F). All data

representative of two independent experiments showing

similar results. AF = autofluorescence.
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comparison of frequencies of DC subsets across Ad-SF7-Fc-treated
mice responding or not responding to treatment, we noted that re-
sponding mice had more of the DC1 B subset, suggesting that, in
contrast to TAMs, DCs co-expressing these markers might be anti-
tumorigenic (Figure 5E). This is not surprising; DCs are known to ex-
press EAT-2,21 suggesting that SLAMF7 activation in these cells in-
duces IL-12 and pro-inflammatory responses. Supporting this, we
found higher expression of IL-12 and other pro-inflammatory cyto-
Molecula
kines in the tumors of Ad-SF7-Fc treated B16
tumors in comparison to Ad-null (Figure 5F).

We investigated TAM heterogeneity in our
model and identified nine TAM subsets (Figures
5G and 5H). We found a SLAMF7highCD38high

TAM subset similar to the one we previously
identified in patients with ccRCC,10 suggesting
this subset may be conserved across tumors and
species (Figures 5G and 5H). However, Ad-SF7-
Fc treatment did not alter the frequency of this
subset (Figure S5C). Interestingly, we found that
TAM subsets expressing SLAMF7 also co-ex-
pressed programmed death ligand 1 (PD-L1),
with a correlation of 0.6 (Figures 5I and S5B).
We extended this analysis across the TME and
found it to be conserved across myeloid cells,
except for pDCs and neutrophils (Figure 5J).8

EAT-2 expression in tumor-infiltrating

innate immune cells identifies mice able to

control B16 tumors

As the presence of EAT-2 determines whether
SLAMF7 functions as an activating or inhibitory
receptor,11 we examined EAT-2 expression in tumor-infiltrating im-
mune cells in our B16model.While we found that treatment with Ad-
SF7-Fc did not change EAT-2 levels in NK cells or DCs in comparison
with Ad-null (data not shown), we found that B16 tumors responding
to adenovirus treatment had significantly higher expression of EAT-2
in NK cells (Figure 6A), cDC2 cells (Figure 6B), and cDC1 cells (Fig-
ure 6C). To determine if increased EAT-2 expression controls tumor
growth, we treated CT26 tumors I.T. with our previously described
r Therapy: Oncolytics Vol. 24 March 2022 185
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Figure 6. EAT-2 expression in immune cells from adenovirus treated B16

tumors as an indicator of response to treatment

(A) Expression of EAT-2 in B16 tumor-infiltrating NK cells from tumors treated with

adenovirus. (B) Expression of EAT-2 in B16 tumor-infiltrating cDC2 cells from tu-

mors treated with adenovirus. (C) Expression of EAT-2 in B16 tumor-infiltrating

cDC1 cells from tumors treated with adenovirus. (D) Tumor volumes of CT26 tumors

treated I.T. twice with 1 � 1010 v.p. of either Ad-null or Ad-EAT-2. All data are

presented as mean ± standard error of the mean and representative of a single

experiment. Two-way ANOVA with Tukey’s multiple comparison test used to

compare groups in (D). An unpaired, two-tailed t test was used to compare groups

in (A–C). **p < 0.01; ***p < 0.001; ****p < 0.0001.
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EAT-2-expressing adenovirus vector.22 We discovered that Ad-EAT-
2-treated CT26 tumors displayed superior tumor control compared
with Ad-null-treated tumors (Figure 6D). These findings suggest
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that modulating SLAMF7 signaling via EAT-2 enhances the pro-in-
flammatory activity of tumor-infiltrating innate immune cells, and
thus results in better tumor control.

Cell type-specific, single-cell predictions of the function of Ad-

SF7-Fc in vivo

Because SLAMF7 is a homotypic receptor, and since SF7-Fc is
composed of the extracellular domain of SLAMF7, SF7-Fc can
conceivably function to both activate and/or block SLAMF7 signaling,
depending on local environmental factors and the cell type in question.
Additionally, activating or blocking SLAMF7 can have vastly different
outcomes on different cell types depending on the presence of EAT-
2,9,11 which may mechanistically explain how Ad-SF7-Fc achieves tu-
mor control. Therefore, we devised an approach using high dimen-
sional spectral cytometry, which allowed us to predict if SF7-Fc was
activating or blocking SLAMF7 at the single-cell level (Figure 7A;
see materials and methods). We found that Ad-SF7-Fc was primarily
activating DCs and monocytes, having equally opposing effects on
TAMs and CD8+ T cells, and primarily blocking pDCs and NK cells
(Figures 7B–7F, S6C, and S6D). We next calculated the ratio of
SLAMF7 activation versus blocking on each cell type betweenmice re-
sponding to Ad-SF7-Fc or not, and found that responding mice had
considerably more pDC activation (Figure 7G).

Alterations in the immune TME in SLAMF7–/– mice

We also compared immune cell subsets between Ad-null-treated
wild-type (WT) and Ad-null-treated SLAMF7�/�mice used for pre-
diction analyses. We detected decreased levels of NK and CD8+

T cells in the TME of SLAMF7�/� mice (Figure S6E); the latter is
consistent with our previous work.10We also investigated TAM sub-
sets in these mice and found a dramatic re-structuring of the TAM
landscape in SLAMF7�/� mice (Figures S6F and S6G). Finally, we
identified all markers on all cell subsets statistically different be-
tween WT and SLAMF7�/� mice and found decreased PD-1 and
increased PD-L1 on NK cells (Figure 7H). Together, these findings
highlight the broad and diverse roles of SLAMF7 signaling in the
TME.

Immunological elastic net identifies features underlying tumor

response to Ad-SF7-Fc

To determine why some tumors respond with an attenuation of
growth to Ad-SF7-Fc and others do not, we employed a machine
learning-based approach using the recently described immunolog-
ical elastic net (iEN) algorithm.23 Into iEN, we input multiple data-
sets representing a host of systemic and tumor-localized immune
measurements, and a table of immune-specific priors (Figure 8A
and Table S1; see materials and methods). We validated that our
iEN model can discriminate responders from non-responders, and
that the addition of our priors improves model performance (Fig-
ures 8B and 8C). To determine the factors allowing iEN to identify
responders, we generated and performed a network analysis (See
materials and methods), which showed clustering of common im-
mune archetypes (Figure 8D). Coloring features on the network
by those which were increased or decreased in responding B16



Figure 7. Mechanistic predictions of the function of

SF7-Fc in B16 tumors

(A) Schematic overview of experimental design. (B) Dot

plot of SLAMF7 and SLAMF7_score for NK cells (See

materials and methods), with cells predicted to have their

SLAMF7 receptor activated colored orange and cells

predicted to have their receptor blocked colored purple.

Pie charts under each dot plot display frequency of pre-

dictions. (C) Same as (B), but for DCs. (D) Same as (B), but

for TAMs. (E) Same as (B), but for pDCs. (F) Log2 trans-

formed ratio of frequency of SLAMF7 activation to

blocking for each cell type in the TME with SLAMF7

expression. (G) Percent change in the ratio of predicted

SLAMF7 activation to blocking between B16 tumors re-

sponding to Ad-SF7-Fc and not responding, plotted for

each cell type. (H) Heatmap of differential marker

expression across B16 tumor-infiltrating immune cell

subsets in Ad-null treated WT and SLAMF7�/� mice. The

p value was adjusted for multiple comparisons displayed

on right of each row. Only markers below an FDR of 0.6

are displayed.
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tumors, we found many expected changes in responding tumors
like: increased CD8+ T cells, more Texprog1 CD8+ T cells,19 increased
intra-tumoral IFNg,24 fewer neutrophils (myeloid-derived suppres-
sor cells),25 fewer TAMs, and less CD206 expression on TAMs (Fig-
ure 8E and Table S2).26,27 Critically, we found a number of features
supporting the ability of SLAMF7 signaling to modulate tumor con-
trol, buttressing our hypothesis that Ad-SF7-Fc functions to control
tumor growth via DC and innate immune cell stimulation. The iEN
found increased levels of IL-12(p40) in responding tumors and
increased SLAMF7 on TAMs and DCs from responding tumors
(Figure 8E and Table S2). iEN also found that higher predicted acti-
vation of SLAMF7 on TAMs was important in separating re-
sponders that, paired with our earlier data showing high co-expres-
sion of SLAMF7 and PD-L1 on TAMs, suggests that SLAMF7 may
be able to modulate this immune suppressive pathway to achieve tu-
mor control (Figure 8E and Table S2). It should be noted that our
model generated by iEN is specific to our experimental setup and
is not generalizable across tumor models or other therapeutic
modalities.
Molecula
DISCUSSION
Our findings demonstrate that modulation of
SLAMF7 signaling in the TME induces benefi-
cial anti-tumor responses. Specifically, the abil-
ity of Ad-SF7-Fc to induce IL-12 production,
putatively by DC activation, is supported by
previous findings that in myeloid cells lacking
EAT-2, SLAMF7 activation inhibits IL-12 pro-
duction.13 As DCs are known to express EAT-
2,21 it is to be expected that SLAMF7 activation
in these cells should allow for IL-12 production.
Due to the well-known importance of IL-12 in
inducing anti-tumor immune responses,28
SLAMF7 modulation of this pathway is likely one mechanism by
which Ad-SF7-Fc achieves tumor control. Complementing this IL-
12 response is the induction of type I IFN by Ad-SF7-Fc. Type I
IFN responses can be beneficial in tumor control and achieve this
via multiple mechanisms.29,30 Indeed, previous studies have found
that IL-12 and type I IFNs can synergize to induce potent immune
activation,31 and there is much interest in combination cancer immu-
notherapies involving IL-12.32 Since pDCs are one of the primary
producers of type I IFNs,33 express SLAMF7 in the TME, and express
EAT-2 (www.immgen.org), it is plausible that SLAMF7 activation on
intratumoral pDCs drives pDC production of type I IFNs.

Our discovery that Ad-SF7-Fc does not modulate T cell exhaustion in
the TME or significantly increase humoral immune responses against
tumors was unexpected based on our previous work.10,14 However,
there are a number of explanations for this, including the use of an
adenoviral vector to deliver SF7-Fc, contributions from the TME it-
self, and the potential for SF7-Fc to both block and activate SLAMF7
simultaneously. The latter we worked to address using our novel
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Figure 8. iEN machine learning identifies factors

underlying tumor response to Ad-SF7-Fc

(A) Schematic overview of experimental design. (B) The

receiver operating curve (ROC) of iENmodel performance

with andwithout inclusion of priors. (C) Comparison of iEN

predicted values (arbitrary units) between responders,

with statistical comparison performed with Wilcoxon sum

rank test. (D) The iEN model network where each node is

a feature entered into the model and is scaled by its in-

dividual area under the ROC (AUROC). Edges are signif-

icant spearman correlations between features (p < 0.05)

after Bonferroni correction for multiple comparisons.

Nodes are colored by the dataset they originate from and

communities of shared immunological archetypes are

highlighted. (E) The same network from (D), but with no-

des colored by iEN model coefficients identifying features

increased or decreased in responders and which

contributed to model performance. Noncontributory fea-

tures have a 0 iEN model coefficient. Data analyzed and

presented are aggregated from two independent B16

tumor experiments.
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in vivo prediction approach, which yielded results consistent with our
other studies showing that SF7-Fc activates DCs. Our approach also
found that B16 tumors responding to Ad-SF7-Fc had more SLAMF7
activation on pDCs, which corresponds with increased type I IFN
production by Ad-SF7-Fc. Since Ad-SF7-Fc does seem to both acti-
vate and block SLAMF7 on the same cell subsets, our results suggest
that targeting SLAMF7 modulation to particular immune cell types
could prove more effective. Importantly, while our results showing
188 Molecular Therapy: Oncolytics Vol. 24 March 2022
Ad-SF7-Fc can induce an abscopal effect (pre-
sumably via induction of an adaptive immune
response), and that this effect is likely due to
augmentation of cell-mediated immunity (T
cell responses), we did not directly investigate
this and only ruled out augmentation of the hu-
moral arm of the adaptive immune response.

Our studies using SLAMF7�/� mice have
yielded a number of insights into the role of
SLAMF7 in the TME. Among these is the
decreased frequency of NK and CD8+ T cells
in the TME of SLAMF7�/� mice, which is
consistent with our previous work.10 This
finding provides evidence that SLAMF7 may
function as an adhesion molecule important
for lymphocyte egress and residency in the
TME. Discovering that tumor-infiltrating NK
cells from SLAMF7�/� mice do not express
PD-1 in contrast to WT mice is particularly
interesting given that we recently found
SLAMF7 signaling on T cells is able to modulate
PD-1 expression.10 This suggests a similar
mechanism may be present in NK cells and
may contribute to tumor control as PD-1 signaling is inhibitory on
NK cells.34 Analogously, we found increased PD-L1 expression on
NK cells from SLAMF7�/� mice, supporting potentially linked roles
for SLAMF7 in the regulation of PD-1/PD-L1 receptor pair.

Perhaps our most interesting observation was the strong co-expres-
sion of SLAMF7 and PD-L1 on tumor-infiltrating myeloid cells
that we observed. Of the myeloid cell types expressing SLAMF7,



www.moleculartherapy.org
DCs had the lowest co-expression of SLAMF7 with PD-L1, which
may be due to the fact that these cells express EAT-2, whereas the
other subsets do not.21 The high co-expression of these two markers
may also explain our previous findings that a subset of
SLAMF7highCD38high TAMs was linked to poor survival in ccRCC,
since these cells have higher PD-L1 expression than other TAM sub-
sets (data not shown).10,35 The theory that SLAMF7 may be able to
modulate PD-L1 expression on TAMs (or other myeloid cell types)
is supported by results from our machine learning analysis of re-
sponses to Ad-SF7-Fc. Here, we found that responders counterintui-
tively had higher expression of PD-L1 on TAMs, but also had more
SLAMF7 on TAMs and critically, more predicted SLAMF7 activation
on TAMs. Taken together, this implies that either modulation of
SLAMF7 with SF7-Fc induces anti-tumor responses in TAMs, or
the strong innate immune response of Ad-SF7-Fc is capable of over-
coming coincidentally induced pro-tumor TAM responses.

By combining modulation of SLAMF7 signaling with delivery and
immune stimulation via a recombinant adenovirus vector, we provide
proof-of-concept that such an approach can achieve superior tumor
control compared with an empty viral vector. While our approach
functions primarily by augmentation of the innate immune system,
future derivations of this paradigm capable of inducing pan-adaptive
immune responses should prove highly effective as a cancer immuno-
therapeutic strategy.

MATERIALS AND METHODS
Adenovirus vector construction

All adenovirus used in this study are of human serotype 5. Ad-null
was constructed and purified as previously described.36 Ad-SF7-Fc
was constructed and purified in a similar manner, where the SLAMF7
extracellular domain fused to mIgG1-Fc (SLAMF7/mIgG-Fc) (NCBI
Reference Sequence: NM_144539.5) was excised using primers
flanked by EcoRI and HindIII restriction endonucleases (NEB)
from a plasmid (Biomatik) and sub-cloned into the pShuttle vector,
containing a CMV expression cassette. The resulting pShuttle-SF7-
Fc plasmid was linearized with PmeI restriction enzyme and homolo-
gously recombined with the pAdEasyI Ad vector genome yielding
Ad-SF7-Fc. HEK293 cells were transfected with PacI linearized
plasmid and viable virus was obtained and amplified after several
rounds of expanding infection. Ad-SF7-Fc virus was purified
using a CsCl2 gradient. The number of viral particles was quantified
using optical density measurement at 260 nm, as previously
described.14 All viruses were found to be replication incompetent
(RCA free) by both RCA polymerase chain reaction (PCR) (E1
region amplification) and direct sequencing methods, as described
previously.14,22

Tumor models

All animal procedures were approved by the Michigan State Univer-
sity Institutional Animal Care and Use Committee (http://iacuc.msu.
edu/). SLAMF7�/� mice were generated as previously described.10

CT26 model: 8-week-old male BALB/c mice were injected subcutane-
ously (S.Q.) in the flank with 1.5 � 105 CT26.CL25 (ATCC, CRL-
2639) cells in 100 mL of phosphate-buffered saline (PBS). Eight
days later, once visible tumors formed, mice were split randomly
into three groups and were either injected I.T. with 1010 viral particles
(v.p.) of Ad-null (n = 15), Ad-SF7-Fc (n = 15), or not injected (n = 14).
Mice were monitored every 2 to 3 days and their tumor size was as-
sessed with calipers. Tumor size was calculated with the following for-
mula: 0.5� (Length�Width2). In studies where tumors were placed
on both hind flanks, one-half as many cells were injected into each
flank at the same time. Mice where a tumor never formed were not
included in analysis. B16-F10 model: 4 � 105 B16 tumor cells were
injected into the hind flanks of 8- to 12-week-old male C57BL/6J
mice as previously described.10 At day 7 after tumor implantation
I.T. injection of Ad-null or Ad-SF7-Fc (n = 7-12 per treatment) was
performed using 1010 v.p. of respective virus.

Cell culture

CT26 and B16-F10 tumor cell lines were cultured in modified RPMI-
1640media (ATCC, 30-2001) supplemented with 10% heat inactivated
fetal bovine serum (FBS), and 1� penicillin, streptomycin and fungi-
zone (PSF) (Invitrogen). HEK-293C7 cells were cultured in DMEM
media, supplemented with 10% FBS, 1� PSF, and hygromycin.

ADCC assays were performed as described previously.37 Briefly,
CFSE-stained CT26 cells were plated at 1 � 105 cells/well in U-bot-
tom 96-well cell culture plates. Total splenocytes from naive mice
were incubated with CFSE-CT26 cells (20:1 Effector:Target) and
cultured for 18 h in presence of plasma (1:200 dilution) from Ad-
null/CT26 lysate, Ad-SF7-Fc/CT26 lysate vaccinated, or non-vacci-
nated mice. Alternatively they were cultured with Dx5+ NK cells
isolated via magnetic beads (Miltenyi kit: 130-052-501) from naive
mice and incubated with CFSE-CT26 cells (1:1 E:T ratio) overnight
in presence of plasma (1:50 dilution) from vaccinated mice. Cultures
contained 2 ng/mL of murine IL-2 (R&D). Trypsinized cells were
stained with a viability dye and analyzed by flow cytometry on a
BD LSR II cytometer.

Vaccination studies

Six-week-old BALB/c male mice were injected twice intramuscularly
(n = 6) over a period of 1 month (days 0 and 12) with 200 mg of CT26
tumor lysate, tumor lysate + 1010 v.p./mouse of Ad-null, tumor
lysate + 1010 v.p./mouse of Ad-SF7-Fc, or not injected (naive, n =
4). On day 27, mice were sacrificed, tumors were harvested, and
immunohistochemistry (IHC) was performed.

Tumor lysate preparation

Tumor lysates were prepared using five freeze-thaw cycles, followed
by sonication and centrifugation as described previously.38 Sample
concentration was determined using BCA protein kit (Sigma-Al-
drich) per manufacturer’s protocol and as previously described,39 af-
ter which the samples were stored at �80�C until use.

Innate immune study

Six-week-old BALB/c male mice were injected I.V. with 1010 v.p. of
Ad-null (n = 6), Ad-SF7-Fc (n = 6), or not injected, naive (n = 3).
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After 10 h, plasma and spleens were collected for Bioplex and flow cy-
tometry analysis.

Flow cytometry and spectral cytometry

Cells were prepared and stained as previously described.10 All anti-
bodies used are listed in (Table S3). Intracellular staining was
performed with the Cytofix/Perm kit (BD Biosciences) per the man-
ufacturer’s instructions. Viability staining was performed with
Zombie NIR Fixable Viability dye (BioLegend). Fc receptors were
blocked in all samples during staining with mouse Fc block (BD Bio-
sciences). When staining cells from B16 tumors, BD Brilliant Stain
buffer (cat: 563794) was used per the manufacturer’s instruction.
Samples were acquired on either a five-laser Cytek Aurora Spectral
Cytometer or a three-laser BD LSR II cytometer and data were
analyzed using FlowJo version 10.6.1 (Tree Star) and/or R. All gating
schemes can be found in (Figure S2). High dimensional single-cell
spectral cytometry was performed in R by first cleaning up the data
in FlowJo (Figure S2). Data were exported from FlowJo as FCS files,
which were then loaded into R. The CATALYST package was used
to perform all analyses with a cell annotation and dimensionality
reduction approach as previously described.10,40 An arcsinh transfor-
mation of 6000 was used for all spectral cytometry data. Analysis was
performed on cells pooled from all conditions as previously
described.40

Cytokine and chemokine analysis

Mouse 23-analyte multiplex-based assay was used to determine cyto-
kine/chemokine concentrations via Luminex 100 per manufacturer’s
protocol (Bio-Rad), as previously described.8,14 Plasma was used at
1:4 dilution and 500 mg of tumor lysate was assessed.

ELISA analysis

Six-week-old BALB/c male mice were given three doses of 200 mg of
CT26 tumor lysate and 1010 v.p. of Ad-null or Ad-SF7-Fc intraperi-
toneally over a period of 5 weeks, at which point they were injected
with 2.5� 105 CT26 tumor cells. At 41 days after the tumor challenge,
plasma from Ad-null (n = 6), Ad-SF7-Fc (n = 7), and naive (n = 2)
mice was collected. ELISA assessing levels of CT26-specific antibodies
in the plasma was assessed as described previously,41 where 100 mg of
CT26 lysate was plated per well in a high-binding 96-well flat-bottom
plate (Corning), incubated at 4�C overnight, and plasma was plated at
1:100, 1:200, and 1:500 dilutions.

Quantitative RT-PCR

Six-week-old BALB/c male mice were injected I.V. with 1010 v.p. of
Ad-null (n = 6), Ad-SF7-Fc (n = 6) or not injected, naive (n = 3).
6 h later, spleens were harvested and snap frozen in liquid nitrogen.
RNA was extracted using Trizol reagent (Life Technologies), per
manufacturer’s protocol. cDNA was generated using SuperStrand
First Strand Synthesis Kit III (Invitrogen) from Trizol-isolated RNA
per the manufacturer’s protocol. Quantitative RT-PCR was per-
formed using SYBR green PCR Mastermix (Life Technologies) and
analyzed on a QuantStudio7 system (Thermofisher). The following
primers were used: Isg15: For: 50GGTGTCCGTGACTAACTCCAT-
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30, Rev: 5’TGGAAAGGGTAAGACCGTCCT’3; Oas2: For: 50TT
GAAGAGGAATACATGCGGAAG-30, Rev: 50GGGTCTGCATTAC
TGGCACTT-30; Ifna: For: 50GCCTTGACACTCCTGGTACAAAT
GAG-30, Rev: 50CAGCACATTGGCAGAGGAAGACAG-30; Ifnb:
For: 50TGGGTGGAATGAGACTATTGTTG-30, Rev: 50CTCCCA
CGTCAATCTTTCCTC-30; Il6: For: 50TAGTCCTTCCTACCCCA
ATTTCC-30, Rev: 50TTGGTCCTTAGCCACTCCTTC-30; Il12: For:
50TGGTTTGCCATCGTTTTGCTG-30, Rev: 50ACAGAGGTTCA
CTGTTTCT-30; csf2: For: 50GGCCTTGGAAGCATGTAGAGG-30,
Rev: 50GGAGAACTCGTTAGAGACGACTT-30;mGapdh: For: 30AG
AACATCATCCCTGCATCC30, Rev: 50CACATTGGGGGTAGGAA
CAC-30.

HEK-293-C7 cells were plated at 2x106 cells/mL in 12-well plates in
500 mL of complete RPMI media. Ad-null and Ad-SF7-Fc viruses
were added at multiplicity of infection (MOI) of 104 v.p./cell. Mock
treated cells were treated with PBS. After 12 h, RNA was extracted
using Trizol. Primers used: Slamf7: For: 50GGCACATGCG
TGATCAATCT-30, Rev: 50ATCGCCAAGCGATACTCAGA-30;
hGAPDH: For: 50GGGTGTGAACCATGAGAAGTATGAC-30, Rev:
50GCCATCCACAGTCTTCTGGGT-30. The DDCt method was
used to compare gene expression across conditions and all genes
were normalized to GAPDH in all experiments.

Immunohistochemistry

Samples were fixed in 10% neutral buffered formalin, embedded in
paraffin, and sectioned on a rotary microtome at 4 mm. Sections
were placed on positively charged slides and dried at 56�C over-
night. After deparaffinization in Xylene, slides underwent heat-
induced epitope retrieval in a steamer using Scytek Citrate Plus
Retrieval pH 6.0 followed by several rinses in distilled water. Endog-
enous Peroxidase was blocked via a 3% Hydrogen Peroxide/Meth-
anol bath for 30 min. After blocking for non-specific protein with
Rodent Block M (Biocare) for 10 or 20 min, sections were incubated
with appropriate primary antibodies as described in (Table S4). Mi-
cro-Polymer (Biocare) reagents were subsequently applied for spec-
ified incubations followed by reaction development with Romulin
AEC (Biocare) and counterstained with cat hematoxylin. The num-
ber of positive cells was manually counted under magnification 10�
for CD3-stained, 20� for CD8-stained, and 40� for DX5-stained
slides, where five areas per sample, and at least two sections per
sample were used.

Intra-tumor immune cell isolation

Tumors were surgically removed from mice and placed in ice-
cold PBS. Tumors were minced and non-tumor tissue was
removed. Cell suspension was pelleted and resuspended in
RPMI with 0.5 mg/mL Collagenase IV (Millipore-Sigma) and
1 � 103 IU/mL DNaseI (Millipore-Sigma) under constant, gentle
agitation at 37�C for 1 h. Digestion was stopped with EDTA and
RPMI-1640 supplemented with 10% FBS and cell suspension
was filtered through a 40mm cell strainer. Cells were then subject
to a Ficoll-Plaque gradient centrifugation step to enrich for
immune cells.
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SLAMF7 activating and blocking predictions

24 h after a second I.T. injection of Ad-null or Ad-SF7-Fc, the tumors
were harvested, cells were stained, and analyzed on a Cytek Aurora
spectral cytometer, all as described above. We also confirmed that
acute administration of adenovirus does not remodel the TME (Fig-
ure S6B). Cells were clustered and annotated as described above. To
perform predictions, first we obtained a signature for what a cell
with SLAMF7 signaling looks like. To get this, we first subseted to
just a single immune cell type, calculated the median expression of
each marker in that cell type in WT (Ad-null treated) and
SLAMF7�/� (Ad-null treated), and subtract the SLAMF7�/� marker
expression values from WT. We then selected the markers with the
most positive and most negative difference to use as a signature.
This was done via manual inspection and typically the top three to
four and bottom four to five markers were chosen. Markers that
would never be expected to be expressed on a particular cell type
were excluded. This yielded a SLAMF7 signature of both up-regulated
and down-regulated markers on a cell-type-specific basis.

We then subseted the same cell type from WT (Ad-SF7-Fc treated)
mice and used the previously calculated signature to generate a
SLAMF7_score for each cell. The score was calculated using a previ-
ously published formula used to obtain signature scores from scRNA-
seq data.42 Importantly, our prior work demonstrated that activation
of SLAMF7 with SF7-Fc leads to its down-regulation,8 and we
confirmed that blocking SLAMF7 with SF7-Fc leads to its up-regula-
tion (Figure S6A).8 Therefore, for each cell type we plotted the
SLAMF7_score by SLAMF7 expression as a dot plot and expected
that cells where SLAMF7 is being blocked should have high SLAMF7
expression (Figure S6A) and a low SLAMF7_score, while cells where
SLAMF7 is being activated should have low SLAMF7 expression8 and
a high SLAMF7_score. Cells where SLAMF7 is being activated or in-
hibited naturally come off the diagonals so we selected the cells at
either extreme of the appropriate diagonals as being blocked or
activated.

To calculate outliers in an unbiased manner we identified the points on
the plot representing the intersection of the 25th percentile of SLAMF7
expression and the 75th percentile of SLAMF7_score for defining the
boundary of cells getting SLAMF7 blocked. We did the reverse for cells
getting SLAMF7 activated. We now calculate the slope of the diagonal
lines passing through each point with a linear model where the y-inter-
cept for each line is the model coefficient. To identify the points on
either extreme of these lines, we calculated and used the corresponding
residuals. This approach was performed only for cell types with consid-
erable levels of SLAMF7 expression (i.e., not CD4+ T cells and B cells,
which express SLAMF7 at very low levels).

iEN machine learning analysis of tumor response to Ad-SF7-Fc

We first separated mice inoculated with B16 tumors and treated with
Ad-SF7-Fc into those who responded and those who did not based on
final tumor volume at time of sacrifice (Figure 8A). Next, we pooled
together all immune measurements made on these mice across
various assays. We then generated a table containing prior immuno-
logical knowledge about known responses to adenovirus vectors22,43–
46 and expected marker expression across different cell types (other
immune measurements were not weighted in our priors so as to
not bias the algorithm) (Table S1). We input all immune measure-
ments into the iEN algorithm along with our priors and perform
10-fold cross-validation.23 Model validation was performed by calcu-
lating the area under the receiver operating curve. Networks were
generated as previously described.23 Briefly, each node is a feature
entered into the iEN model and node sizes are scaled by their individ-
ual area under the receiver operating curve. Edges are significant
spearman correlations between features (p < 0.05) after Bonferroni
correction for multiple comparisons. Imbedding in two-dimensional
space was performed with t-distributed stochastic neighbor
embedding.

Statistical analysis

Data in all graphs are presented as mean± standard error of themean.
Statistical analyses are listed in all figure legends and were performed
in either GraphPad Prism V8 or the R computing environment. Cell
subset frequency comparisons and differential marker expression on
cell subsets from experiments using high dimensional spectral cytom-
etry were statistically compared with a generalized linear mixed
model implemented through the diffcyt R package. All heatmaps
were locally scaled. No samples/mice were excluded from any analysis
except for one Ad-null treated WT and one Ad-SF7-Fc treated WT
mouse from the same B16 tumor growth experiment, where an outlier
test identified the tumor volume in each mouse as a statistically sig-
nificant outlier.

DATA AND CODE AVAILABILITY
Raw data are available from the authors upon reasonable request.

Code used for all computational analyses can be found at: https://
github.com/poconnel3/OConnell_et_al_Ad-SF7-Fc_paper_code.

SUPPLEMENTAL INFORMATION
Supplemental information can be found online at https://doi.org/10.
1016/j.omto.2021.12.004.
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