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Stimulator of interferon genes (STING) is a mediator of immune recog-
nition of cytosolic DNA, which plays important roles in cancer, cytotoxic
therapies, and infections with certain pathogens. Although pharmaco-
logic STING activation stimulates potent antitumor immune responses
in animal models, clinically applicable pharmacodynamic biomarkers
that inform of the magnitude, duration, and location of immune activa-
tion elicited by systemic STING agonists are yet to be described. We
investigated whether systemic STING activation induces metabolic
alterations in immune cells that can be visualized by PET imaging.
Methods: C57BL/6 mice were treated with systemic STING agonists
and imaged with '8F-FDG PET after 24 h. Splenocytes were harvested
6 h after STING agonist administration and analyzed by single-cell RNA
sequencing and flow cytometry. '8F-FDG uptake in total splenocytes
and immunomagnetically enriched splenic B and T lymphocytes from
STING agonist-treated mice was measured by y-counting. In mice
bearing prostate or pancreas cancer tumors, the effects of STING ago-
nist treatment on '8F-FDG uptake, T-lymphocyte activation marker lev-
els, and tumor growth were evaluated. Results: Systemic delivery of
structurally distinct STING agonists in mice significantly increased '8F-
FDG uptake in the spleen. The average spleen SUV,,.x in control mice
was 1.90 (range, 1.56-2.34), compared with 4.55 (range, 3.35-6.20) in
STING agonist-treated mice (P < 0.0001). Single-cell transcriptional
and flow cytometry analyses of immune cells from systemic STING
agonist-treated mice revealed enrichment of a glycolytic transcriptional
signature in both T and B lymphocytes that correlated with the induc-
tion of immune cell activation markers. In tumor-bearing mice, STING
agonist administration significantly delayed tumor growth and increa-
sed '®F-FDG uptake in secondary lymphoid organs. Conclusion:
These findings reveal hitherto unknown functional links between STING
signaling and immunometabolism and suggest that '®F-FDG PET may
provide a widely applicable approach toward measuring the pharma-
codynamic effects of systemic STING agonists at a whole-body level
and guiding their clinical development.
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activation; immunometabolism
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Stimulator of interferon genes (STING) is an essential compo-
nent of an evolutionarily conserved nucleic acid—sensing machinery
(). STING functions downstream of cyclic guanosine monophos-
phate and adenosine monophosphate synthase, a sensor for dam-
aged self-cytosolic or foreign double-stranded DNA associated
with cellular stress phenotypes such as infection and malignant
transformation (2,3). Studies showing the antitumor effects exerted
by pharmacologic STING activation (4) have provided the impetus
for the development of small-molecule STING agonists as a new
class of immunooncology agents. Although first-generation STING
agonists have advanced to clinical trials for the treatment of cancer,
the requirement for intratumoral administration has limited their
utility (4).

Recently, several groups have developed second-generation
STING agonists amenable to systemic (intravenous or oral) admin-
istration (4—6). In mice, systemic STING activation by these new
immunostimulatory agents exerts potent antitumor effects (5—8).
However, significant questions remain regarding how to optimally
dose and schedule systemic STING agonists to maximize their
therapeutic efficacy while minimizing the potential risk of toxic
effects resulting from overstimulation. Moreover, sustained overac-
tivation of STING is known to induce lymphopenia and T-cell
exhaustion (9,10) and has been shown to impair the development
of durable antitumor immunity (7). Therefore, there is a need
to develop clinically applicable pharmacodynamic biomarkers
to determine the magnitude, duration, and location of immune
activation elicited by systemic STING agonists. Identification
of metabolic alterations induced by STING activation may guide the
development of such pharmacodynamic biomarkers. Accordingly,
we showed that STING activation in pancreatic ductal adenocarci-
noma cells exerts profound effects on nucleotide metabolism by
upregulating genes involved in nucleotide catabolism and that
STING-mediated metabolic reprogramming of pancreatic ductal
adenocarcinoma tumors can be imaged by !'®F-fluorothymidine

Le et al. 117


https://doi.org/10.2967/jnumed.122.264121
mailto:cradu@mednet.ucla.edu

PET (/7). Although this study identified '*F-fluorothymidine as
a pharmacodynamic PET biomarker of interferon signaling in
pancreatic ductal adenocarcinoma cells, it is conceivable that
STING activation in immune cells may induce additional meta-
bolic alterations.

To identify metabolic PET biomarkers of STING activation in
immune cells, we considered that STING and toll-like receptors
share similar downstream effectors, with both classes of pattern
recognition receptor triggering the production of type I interferons
and nuclear factor-kB—dependent cytokines (/2—74). Furthermore,
recent studies have shown that systemic toll-like receptor 4, 7, and
9 agonists increase splenic '8F-FDG uptake (/2-14). Here, we
investigated whether '8F-FDG PET imaging is also sensitive to
STING activation in immune cells in secondary lymphoid tissues.
To identify the immune cell types impacted by systemic STING
activation and delineate potential mechanisms responsible for
changes in '8F-FDG uptake in these cells, we performed single-
cell transcriptomic analyses of splenocytes isolated from STING
agonist-treated mice. We investigated whether changes in splenic
8F.FDG uptake induced by STING activation correlate with the
expression of T and B lymphocyte activation markers. We also
examined whether interferon signaling, which is strongly upregu-
lated in T and B lymphocytes after STING activation, is required
for changes in '8F-FDG uptake triggered by systemic STING ago-
nists in these immune cell populations. Finally, we examined
whether systemic STING activation increases '*F-FDG uptake in
secondary lymphoid tissues in tumor-bearing mice and whether
these effects correlate with tumor responses.

Collectively, our findings identify new functional connections
between STING activation and immunometabolism and suggest
that '8F-FDG PET imaging provides a readily translatable bio-
marker to assess the magnitude and duration of the effects induced
in lymphocytes by systemic STING agonists.

MATERIALS AND METHODS

Animal Studies

All animal studies were approved by the UCLA Animal Research
Committee and were performed according to the guidelines of the
UCLA Department of Laboratory Animal Medicine. C57BL/6 mice
6-8 wk old were acquired from Jackson Laboratory (stock no.
000664). Type I interferon-a/IFNB receptor knockout (Ifnar KO)
mice were donated by Genhong Cheng (UCLA). The animals were
treated intravenously with diaminobenzimidazole (diABZI) (catalog
no. S8796 [Selleckchem], prepared in 40% PEG400 in saline) or, via
oral gavage, with 4-(5,6-dimethoxy-1-benzothiophen-2-yl)-4-oxobuta-
noic acid (MSA-2) (catalog no. S9681 [Selleckchem], prepared in
phosphate-buffered saline, 200 mg/kg).

PET/CT

PET and CT images were acquired in sequence using a G8 PET/CT
scanner (PerkinElmer/Sofie Biosciences) 1 h after administration of
0.74 MBq of '8F-FDG. The mice were kept fasting for 4 h before
probe administration. PET data were analyzed using the PMOD (ver-
sion 3.612; PMOD Technologies Ltd.) and Osirix (Pixmeo) software
packages. A volume of interest was drawn (spleen and lymph nodes),
and SUV ., was recorded to quantify '8F-FDG uptake.

v-Counting

Spleen and lymph nodes (brachial and inguinal) were isolated 1h
after the administration of 9.25 MBq of '8F-FDG. Tissues or single-
cell suspensions were placed in scintillation vials for radioactivity
measurements by y-counting (Wizard2; PerkinElmer).
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Cell Lines

RM1 cells were purchased from American Type Culture Collection,
and the KP4662 Kras®/?”’" line was a gift from Robert Vonderheide
at the University of Pennsylvania. The KP4662 Kras®'?“" cell is hemi-
zygous for the Kras®/?“ and was derived from KP4662 Kras®/?P'*
using CRISPR technology (CRISPR Therapeutics) to replace the
Kras®'?P allele. All cell lines were cultured in Dulbecco modified
Eagle medium with 10% fetal bovine serum and L-glutamine at 37°C
and 5% CO,. For tumor growth experiments, mice were injected subcu-
taneously with 0.5 X 10° RMI cells for RM1 or with 1 X 10° KP4662
cells. Tumor volumes were calculated by (width®> X length)/2 using
masked caliper measurements. Excised tumors were dissociated using
the Miltenyi GentleMACS dissociator.

Enzyme-Linked Inmunosorbent Assay

Serum interferon B (IFNB) levels were measured by enzyme-linked
immunosorbent assay (catalog no. 42400; PBL Assay Science) per
manufacturer instructions.

Flow Cytometry
A detailed description of the protocol and reagents is provided in
the supplemental materials.

CD4", CD8* T-Cell, and B-Cell Enrichments

Target cells were enriched using magnetic separation (OctoMACS
separator [Miltenyi], catalog no. 130042108) per manufacturer
instructions. The beads used were CD4 (L3T4) mouse microbeads
(catalog no. 130117043), CD8 (Ly-2) mouse microbeads (catalog no.
130117044), and CD43 (Ly-48) mouse microbeads (catalog no. 130-
049-801).

Single-Cell RNA Sequencing (scRNA-Seq) Analysis
A detailed description of the analysis pipeline is provided in the
supplemental materials (15,16).

Statistical Analysis

Data are presented as mean *+ SD, with the number of biologic rep-
licates indicated. Comparisons of 2 groups were evaluated using the
unpaired 2-tailed Student ¢ test, and P values of less than 0.05 were
considered significant. Comparisons of more than 2 groups were
assessed using 1-way ANOVA followed by Bonferroni adjustment,
and P values of less than 0.05/m, where m is the total number of pos-
sible comparisons, were considered significant.

RESULTS

Systemic STING Agonists Increase Splenic ®F-FDG Uptake
Systemic administration of a STING agonist (diABZI compound
3 (5), 1.5 mg/g intravenously) significantly increased splenic
8F-FDG uptake as measured in vivo by PET (Fig. 1A). Similar
increases in splenic '®F-FDG uptake were induced by MSA-2, a
systemic STING agonist (6) structurally distinct from diABZI
(Fig. 1B). We then compared the persistence of increased 'SF-
FDG uptake in the spleen with the induction of IFNf in serum,
a commonly used indicator of pharmacologic STING activation
(5,6). Serum IFN@ levels increased 6 h after systemic STING
agonist treatment and dropped rapidly by approximately 3 orders
of magnitude, approaching baseline levels at the 24-h time point
(Fig. 1C). In contrast, splenic '*F-FDG uptake peaked 24 h after
STING agonist treatment and persisted for at least 48 h (Fig. 1D).
Collectively, these data indicate that '8F-FDG accumulation in the
spleen as measured by PET is a potential noninvasive biomarker
for systemic STING agonists that provides information about the
location and duration of STING activation in immune cells that
cannot be obtained by monitoring serum interferon levels alone.
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FIGURE 1. Systemic STING agonist treatment increases '®F-FDG uptake in spleen. (A) Representative '®F-FDG PET scans of control and STING ago-
nist-treated (diABZI, 1.5 mg/kg intravenously) C57BL/6 mice at 24 h with quantification (8 mice per group). (B) Ex vivo y-counter quantification of '8F-
FDG uptake in spleens isolated from mice treated with vehicle control, diABZI (1.5 mg/kg intravenously), or MSA-2 (200 mg/kg orally) (3-4 mice per
group). (C) IFNB production in response to diABZI treatment (1.5 mg/kg intravenously). Serum collected at indicated time points was assayed by
enzyme-linked immunosorbent assay for IFNB levels (7 mice per group). (D) Quantification of splenic "8F-FDG uptake of STING agonist-treated mice
(diABZI, 1.5 mg/kg intravenously) at 0-72 h (5 mice). n.d. = not detected. *P < 0.05. **P < 0.01. ****P < 0.0001.

Systemic STING Activation Induces Glycolysis-Related Gene
Expression in T and B Cells

To further investigate the impact of systemic STING activation
on splenic immune populations and identify the cell types respon-
sible for the increased '®F-FDG accumulation, we examined tran-
scriptional changes induced by STING agonists using scCRNA-seq.
An integrated uniform manifold approximation and projection
plot of splenocytes isolated from mice treated with a systemic
STING agonist (diABZI) or with a vehicle control revealed a
shift in the localization of T and B lymphocyte clusters in the
diABZI group compared with the control group, indicative of
substantial STING agonist—induced transcriptional alterations in
these immune cell populations (Fig. 2A; Supplemental Figs.
1A-B). We then assessed splenic T- and B-lymphocyte populations
for gene expression changes linked to 'F-FDG accumulation. We
observed significant upregulation of hexokinase 1 (Hk!) in T lym-
phocytes and Hk2 in B lymphocytes (Fig. 2B). Expression of other
glycolytic genes was affected to varying degrees by systemic
STING activation (Supplemental Fig. 1C). Consistent with the
upregulation of Hk isoforms in T and B lymphocytes, systemic
STING agonist treatment also increased the expression of Hifla
and Myc, 2 major transcriptional regulators of Hkl and Hk2
(17-20). To confirm that T and B lymphocytes are indeed responsi-
ble for the increased '8F-FDG accumulation induced by systemic
STING activation, we treated mice with diABZI and 24 h later
injected them with '®F-FDG (9.25 MBq). After 1 h, we immuno-
magnetically enriched splenic CD4" and CD8* T lymphocytes
and B lymphocytes and measured '*F-FDG uptake by y-counting.
Consistent with the scRNA-seq analysis, significant increases in

8E_FDG PET VisuaLizes Systemic STING  +

BF.FDG accumulation were observed in all 3 immune populations
isolated from systemic STING agonist-treated mice (Supplemental
Fig. 2). These findings indicate that T and B lymphocytes, which
account for most immune cells in the spleen, are responsible for
increased splenic '8F-FDG uptake after systemic STING agonist
treatment.

Activation Markers in Lymphocytes Correlate with Splenic
18F.FDG Uptake After Systemic STING Activation

Next, we determined whether systemic STING agonist-induced
changes in '®F-FDG accumulation by splenic T and B lymphocytes
correlate with immune activation markers. First, we probed for tran-
scriptional upregulation of selected activation markers in our scRNA-
seq dataset and found that Cxc/10 and Cd69 were induced by STING
activation in both T and B lymphocytes (Fig. 3). B lymphocytes
increased the expression of the costimulatory molecule Cd86. T and
B lymphocytes from STING agonist—treated mice also showed signif-
icant induction of Cd274, the gene encoding for the programmed-
death ligand 1 (PD-L1), and Lag3, which are both associated with
immune inhibitory and exhaustion phenotypes (Fig. 3) (27,22).

Next, we used flow cytometry to determine whether transcriptional
alterations in the expression of immune activation and inhibitory/exhaus-
tion markers induced by systemic STING agonist treatment correlate
with changes in splenic '®F-FDG uptake. For this, we determined cell
surface CD69 and PD-L1 expression alongside '*F-FDG uptake in sple-
nocytes from mice treated with various doses of diABZI (Supple-
mental Fig. 3). Both the splenic '8F-FDG uptake and the level of
immune markers, CD69 and PD-L1, increased in a dose-depen-
dent manner in splenic CD4", CD8" T, and B cells, leading to a
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FIGURE 2. Identification of cell populations responsible for increased splenic '®F-FDG uptake after systemic STING activation. (A) Uniform manifold
approximation and projection of transcriptional profiles of control (6,701 splenocytes) and STING agonist-treated mice (4,381 splenocytes). Major cell
subsets are indicated; Supplemental Figure 2 and the supplemental methods provide details. (B) Transcriptional induction of genes related to glycolytic
metabolism in T-cell and B-cell subsets. NK = natural killer; UMAP = uniform manifold approximation and projection.

strong correlation (Fig. 4). A similar pattern was observed in
lymph nodes (Supplemental Fig. 4). Collectively, these data indicate
that systemic STING agonist-induced '®F-FDG accumulation in sec-
ondary lymphoid organs measured by PET provides a reliable meta-
bolic correlate of phenotypic changes associated with activated
immune markers in major lymphocyte populations.

Splenic '®F-FDG Uptake Induced by Systemic STING
Activation Does Not Require Interferon Signaling

Ontologic analysis of the top 100 positively enriched genes
across splenic immune cell clusters by scRNA-seq revealed a
dominant role for interferon response in remodeling the transcrip-
tional landscape of immune cells by systemic STING activation
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FIGURE 3. Systemic STING activation induces upregulation of immune activation and checkpoint markers in T and B lymphocytes. Induction of
immune activation and immune checkpoint/exhaustion gene transcription in T-cell/natural killer—cell subsets and B-cell subsets occurs as indicated by
scRNA-seq analysis from Figure 2. NK = natural killer; UMAP = uniform manifold approximation and projection.
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ex vivo '®F-FDG uptake (x-axis) and CD69 or PD-L1 expression on CD8* T cells (y-axis). Spearman

correlations are summarized in graph.

(Fig. 5A). Given that type I interferons are important downstream
effectors of STING activation in immune cells (/), we next
investigated whether increased splenic '8F-FDG uptake after
STING activation was dependent on interferon signaling using
Ifnar KO mice. Surprisingly, abolishing interferon signaling in
Ifnar KO mice did not significantly impact the STING activatio-
n—induced increase in splenic '®F-FDG uptake (Fig. 5B). Ex vivo
~y-counter measurements of '®F-FDG accumulation in enriched
CD4" and CD8" T lymphocytes and B cells isolated from the
spleens of systemic STING agonist-treated Ifrar KO mice were
consistent with the in vivo ®F-FDG PET data (Supplemental
Figs. SA-B). Induction of CD69 and PD-L1 was still observed
in splenic CD4*, CD8" T, and B cells from Ifiar KO mice treated
with STING, suggesting that STING agonist-induced T-cell activa-
tion involves pathways other than interferon (Supplemental Fig.
5C). These findings show that STING functions independently of
type I interferon signaling to reprogram glucose metabolism and
induce activation markers in lymphocytes.

administration restricted tumor growth in
3 syngeneic tumor models: prostate can-
cer RM1 and pancreatic cancer KP4662
Kras®?P™* and KP4662 Kras®">“" (Fig. 6).
Consistent with our findings in tumor-
naive mice, we observed increased '*F-FDG
uptake in lymphoid tissues in tumor-bearing mice, including the
spleen and lymph nodes (Figs. 7A—7B). Although tumor '*F-FDG
uptake was unchanged in STING agonist—treated mice (Fig. 7B),
tumor-infiltrating CD4 " and CD8* T cells increased CD69 expres-
sion 24 h after STING agonist administration to levels that were
similar to those detected in T cells from secondary lymphoid
organs (Fig. 7C). These findings demonstrate that the effects of
systemic STING agonists in promoting immune activation and
increased !'8F-FDG uptake in secondary lymphoid organs can
also be detected in tumor-bearing mice and correlate with thera-
peutic response.

activation correlate with

DISCUSSION

Here, we explored '8F-FDG PET imaging as a novel means of
visualizing the effects of systemically delivered STING agonists in
mice at a whole-body level. We observed robust and reproducible
increases in '®F-FDG uptake in the spleen and lymph nodes of

mice 24 h after systemic STING agonist
treatment (Fig. 1); these changes were
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induced by structurally distinct STING ago-
nists and persisted for up to 72h, signifi-
cantly longer than observed increases in
serum cytokine levels, which thus far have
typically been used to monitor the effects
of STING activation (Fig. 1) (4-6). To gain

6 mechanistic insight into the immediate per-

>’é turbations that occur in secondary lymphoid
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g ) and identify the immune cell types respon-

S sible for increased '8F-FDG uptake in the
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| S mice. An upregulated glycolytic signature

was shown, indicating that increased
splenic '8F-FDG uptake is attributable
primarily to acute lymphocyte activation

FIGURE 5. Increased splenic '®F-FDG uptake induced by systemic STING activation does not
require interferon signaling. (A) Pathway enrichment analysis of differentially expressed genes
in splenic cell subsets from scRNA-seq analysis in Figure 2. (B) Representative '8F-FDG PET
scans of control and STING agonist-treated /fnar KO mice (3 mice per group). NK = natural
killer; T1-3 = distinct T cell subsets; Tregs = regulatory T cells; B1-6 =
T/B doublet = T and B cell doublets; DC1-2 = various dendritic cell subsets; Mk = macrophages;

Nt/Mono = neutrophile/monocytes. **P < 0.01.

8E_FDG PET VisuaLizes Systemic STING  +

(Fig. 2; Supplemental Figs. 1 and 2). T and
B cells upregulated markers associated
with both immune activation and specific
immune inhibitory mechanisms after sys-
temic STING activation (Fig. 3). By
titrating the dose of the systemic STING
agonist, we showed that '®F-FDG uptake

distinct B cell subsets;
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FIGURE 6. Systemic STING activation controls tumor growth. Tumor growth curves from 3
cohorts of C57BL/6J mice bearing subcutaneous RM1, KP4662 Kras®'2%'* | or KP4662 Kras®'2¢/*
tumors. Mice were treated with 2 doses of diABZI (1.5 mg/kg intravenously each) as indicated

upregulation in human pancreatic cancer
xenografts reduced thymidine levels in the
tumor microenvironment, which in turn
resulted in significantly increased tumor
18F_fluorothymidine uptake (1/I). Thus, we
emphasize that ¥ F-FDG and '3F-fluorothy-
midine may provide complementary infor-
mation regarding the effects of STING
agonists. Accordingly, 'F-FDG PET may
be the method of choice to measure inter-
feron-independent consequences of STING
activation in immune cells. In contrast, 'F-
fluorothymidine PET may be the method of

(8 mice per group). PDAC = pancreatic ductal adenocarcinoma.

and immune activation markers increased together in a dose-depen-
dent manner (Fig. 4; Supplemental Figs. 3 and 4). Additionally, we
sho wed that reprogramming of lymphocyte glucose metabolism by
STING activation occurred independently of interferon signaling (Fig.
5; Supplemental Fig. 5). Finally, we demonstrated that the antitu-
mor efficacy of systemic STING agonists (Fig. 6) was associated
with increased '3F-FDG uptake in lymphoid tissues and upregula-
tion of activation markers in T-cell populations, including those
infiltrating the tumor (Fig. 7). We suggest that 'F-FDG PET
might provide a clinically applicable pharmacodynamic biomarker
to guide the dosing and scheduling of systemic STING agonists.

The findings of this study add to a growing body of literature on
profound STING effects on cellular metabolism (/1,23,24). Previ-
ously, we showed that STING activation impacts nucleotide metab-
olism in pancreatic cancer cells by increasing the expression of
thymidine phosphorylase in an interferon-dependent manner (/7).
Systemic STING activation—induced thymidine phosphorylase

choice to determine interferon signaling—
dependent effects of systemic STING
agonists in tumor cells.

From a mechanistic point of view, our data (Fig. 5; Supplemen-
tal Fig. 5) indicate the existence of an interferon signaling—inde-
pendent link between STING and transcription factors known to
regulate glycolysis. In this context, Myc and Hifla are transcription-
ally induced in T and B cells after STING activation (Fig. 2B). The
transcription factor Myc, which regulates the essential glycolytic
genes Glutl, Hkl, and Hk2, is a crucial driver of the glycolytic
switch in T-cell activation, as deletion of Myc is sufficient to abolish
activation-induced T-cell growth (/8). Additionally, hypoxia-induc-
ible factor binds to and stimulates the same set of glycolytic genes
(17,19,20,25). Additional studies will be required to elucidate the
precise mechanisms by which STING activation leads to interferon
signaling—independent increases in HK1 and HK2 expression in T
cells and B cells. Nevertheless, '®F-FDG PET/CT may provide a
widely available method to noninvasively quantify immune activa-
tion induced by systemic STING agonists in both preclinical and
clinical settings.
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FIGURE 7. Systemic STING activation enhances splenic '®F-FDG uptake in tumor-bearing mice. (A) Representative '8F-FDG PET scans from C57BL/
6J mice bearing subcutaneous KP4662 Kras®'2°"~ tumors at 24 d after tumor inoculation. Mice received 0.74-MBq '®F-FDG dose 24 h after STING ago-
nist treatment (diABZI, 1.5 mg/kg intravenously), 1 h before PET scans. (B) Quantification of PET scans from A (3—4 mice per group). (C) Percentage
CDB9 expression in CD4™ and CD8™ T cells isolated from spleen, lymph nodes, and KP4662 Kras®'2°"~ tumors. Mice were killed 24 h after treatment
(diABZI, 1.5 mg/kg intravenously) for flow cytometry analysis (5 mice per group). *P < 0.05. **P < 0.01. **P < 0.001. ***P < 0.0001.
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CONCLUSION

These findings reveal hitherto unknown functional links between
STING signaling and immunometabolism and suggest that '*F-FDG
PET may provide a widely applicable approach toward measuring
the pharmacodynamic effects of systemic STING agonists at a
whole-body level and guiding their clinical development.
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KEY POINTS

QUESTION: Can "8F-FDG PET provide a pharmacodynamic
biomarker of immune metabolic reprogramming induced by
systemic STING agonists?

PERTINENT FINDINGS: Treatment with structurally distinct systemic
STING agonists significantly increased splenic '8F-FDG uptake in
mice. Single-cell transcriptional and flow cytometric analyses of
immune cells from systemic STING agonist-treated mice revealed an
enhanced glycolytic transcriptional signature in T and B lymphocytes,
which correlated with the induction of immune activation markers.

IMPLICATIONS FOR PATIENT CARE: '®F-FDG PET imaging may
provide a clinically applicable approach to determine the magnitude,
duration, and location of immune activation induced by systemic
STING agonists currently under development for the treatment of
cancer.
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