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Colorectal cancer (CRC) is a malignant tumor originating in the mucosal epithelium of the colon or rectum and is
among the most common cancers of the digestive system. Now it is the fourth deadliest cancer in the world. Stimulator of
Interferon Genes (STING) is a dimeric transmembrane protein on the endoplasmic reticulum membrane that induces the
secretion of type I interferons and pro-inflammatory cytokines and is triggered by the cell membrane DNA of pathogens
and hosts. It is widely expressed in immune cells (such as dendritic cells, macrophages) and some tumor cells, and has been
shown to play a crucial role in the development of several tumors. However, issues such as the expression of STING in CRC
and patient prognosis remain to be further elucidated. We investigated the expression of STING (in CRC tumor cells) and
immune markers (CD3, CD4, CD8, CD56, CD163) in 86 CRC patients by tissue microarray using multicolor immunohis-
tochemistry. Subsequently, the effect of STING on the tumor immune microenvironment was further explored. Finally, we
analyzed the clinical significance of STING in CRC patients. We found elevated STING expression in tumor cells from CRC
patients, which correlated with overall patient survival. High STING levels were associated with suppression of lymph node
metastasis and reduction of CD163 tumor-associated macrophages. In contrast, upregulation of STING promoted infiltra-
tion of CD3+ T lymphocytes and CD8 lymphocyte subtype in the tumor microenvironment. Our study demonstrated
that changes in STING expression in cancer cells in the tumor immune microenvironment have clinical significance and
regulatory roles. STING-related functional mechanisms can be considered as therapeutic targets for CRC, which provides a
theoretical basis for the subsequent clinical application of STING agonists.
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Colorectal cancer (CRC) is now the fourth deadliest cancer
in the world, causing nearly 900,000 deaths annually [1] and
accounting for approximately 10% of diagnosed cancers and
cancer-related deaths [2]. Multiple factors contribute to the
death of CRC patients. Lymph node metastasis is regarded as
an indubitable factor [3]. Pathologic examination of lymph
nodes in patients with CRC remains crucial for postoperative
treatment and prognosis prediction [4].

Stimulator of interferon genes (STING) is an evolution-
arily conserved transmembrane protein [5]. STING is an
important signaling molecule in innate immunity, recog-
nizing microbial DNA from the nucleus or mitochondrial
DNA via cGAS [6]. STING induces the secretion of type I
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interferon (IFN) and pro-inflammatory cytokines [7]. There-
fore, STING is not only an innate immune system regulator
of IFN produced by viral or bacterial infections [8], but has
also become a promising target for tumor therapy in recent
years [9].

There are two types of STING activation in tumors,
spontaneous and non-spontaneous [10, 11]. On the one
hand, activation of immune cells in the tumor microenvi-
ronment, such as dendritic cells (DCs) and macrophages,
STING induces downstream type I IFN transcription and
enhances adaptive anti-tumor immunity [12, 13]. STING
agonists activate the DC-regulated immune microenviron-
ment in the CT26 colon cancer cell line [14, 15]. On the
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other hand, activation of STING in tumor cells mediates
the secretion of pro-inflammatory cytokines [16], which
can inhibit or promote tumor growth [17]. The expression
of STING and its impact on tumors vary among different
tumors [18]. Studies have shown that STING expression is
significantly elevated in cancer cells from pancreatic and
squamous cancer samples, and decreased in malignant
melanoma [19]. However, the relationship between STING
expression in cancer cells of colon cancer patients and patient
prognosis, and with the tumor immune microenvironment,
remains to be further elucidated [11]. Therefore, this experi-
ment provides a theoretical basis for the clinical application
of STING by multiple immunohistochemical staining.

Activation of the cGAS-STING signaling pathway in
tumors can influence tumor development by remodeling the
tumor immune microenvironment through interferons and
chemokines. It has been shown that in CRC, STING agonists
activate DCs in the CRC microenvironment and increase
the infiltration of CD8" T cells. Meanwhile, activation of the
STING pathway in tumor-associated macrophages (TAMs)
inhibits liver metastasis of colon cancer by regulating natural
killer (NK) cells [20]. However, the relationship between
STING expression in CRC cells and lymph node metastasis,
as well as the effects on infiltrating lymphocytes, TAMs, and
NK cells in the immune microenvironment, remain unclear.
In this study, we confirmed that STING is clinically signifi-
cant in patients with CRC and is associated with lymph node
metastasis. We also elucidated that STING can regulate the
tumor microenvironment. These results provide evidence for
understanding the role of STING in CRC.

Patients and methods

Patients and tissue microarrays (TMA) tissue samples.
93 CRC tumor tissues and paraneoplastic control tissues
were collected from CRC patients who underwent surgery
between June 2007 and April 2008 (44 males and 49 females,
aged 43 to 90 years). All patients were also followed up for
7-8 years. The last 86 cases were included in the experiment
and statistics because some of the samples had too little
or dried cancer tissues (Table 1). Human CRC TMA was

Table 1. Clinicopathologic characteristics of 86 patients with CRC.

Characteristics Cases
Pathological grade I 9

11 63

111 14
Gender M 43

F 43
Clinical Stages I 4

11 51

111 31
Median Median survival (months) 88 (2-97)

Median age (years) 68 (43-90)

prepared by Shanghai Outdo Biotech Company (Shanghai,
China; #HCOLA180SU18).

The study was approved by the Ethics Committee of
Shanghai Outdo Biotech Company (Approval No. IRB-2023-
334). All participants were recruited after providing signed
informed consent.

TMA and multi-color immunohistochemistry
(mIHC). The mIHC was performed using Opal staining.
First, CRC TMA parafhin sections were prepared. Next, they
were rehydrated by a series of xylene-ethanol reactions and
washed with distilled water. Subsequently, the slides were
immersed in antigen recovery buffer (citrate buffer, pH 6)
and processed by microwave heating. Finally, the primary
antibody (diluted with blocking buffer) was incubated to
optimize antibody concentration and incubation time for
the detection of Opal.

Information on the antibodies used is as follows: anti-
STING (1:4000 dilution, #ab239074, Abcam, Cambridge),
anti-CD3 (1:200 dilution, #abs16669, anti-CD163 (1:1000
dilution, #ab74604, Abcam, Cambridge), anti-CD56 (1:500
dilution, #99746T, CST, USA), anti-CD8 (1:3000 dilution,
#ab237710, Abcam, Cambridge), anti-CD4 (1:1000 dilution,
#ab133616, Abcam, Cambridge), anti-PD1 (1:1000 dilution,
#ab237728, Abcam, Cambridge) and anti-CK (ready to use,
#GM302, Gene Tech, China).

The slide was incubated with the polymer HRP-conju-
gated secondary antibody and Opal Fluorophore Solution
(Opal 7-color fluorescent IHC kit, #NEL811001KT, Perki-
nElmer, USA). The antibodies were removed by microwave
heat treatment, and the process was repeated until the desired
amount of antibody was used. Finally, tissues were nuclear
stained and mounted with 4,6-diamidino-2-phenylindole
(DAPI) (Thermofisher, USA).

Imaging analysis. Stained slides were scanned in their
entirety using the Vectra Polaris Automated Quantitative
Pathology Imaging System, which captures images at 20x
magnification in the spectral range of 520 nm to 690 nm and
collects the full spectrum of the image at each pixel location.
After collecting the full image spectrum at each pixel
location, the Inform (Akoya Biosciences) software analyzes
the tissue images. First, each multispectral signal was
unmixed to identify and separate weak overlapping signals
from background autofluorescence. Second, artificial intel-
ligence algorithms are trained to automatically detect and
segment specific tissue types. After training, the software will
automatically locate and analyze specific regions within or
between images. Subsequently, machine learning algorithms
are used to isolate cellular phenotypes in the tissue sections.
Finally, positive thresholds are set based on quantification of
staining intensity and calculated H-scores, as well as batch
processing, reviewing, and merging a large number of images
or sections to speed up image analysis and increase efficiency.

Correlation of STING expression with CRC. The Human
Protein Atlas (HPA, https://www.proteinatlas.org/) provides
data such as STING expression in tumors and prognostic
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relevance [21]. UALCAN (http://ualcan.path.uab.edu/) is
an interactive portal for in-depth analysis of TCGA gene
expression data [22]. This study used UALCAN to investigate
the level of STING in the colon adenocarcinoma (COAD).
Since STING is also known as TMEM173, we use TMEM173
instead of STING in UALCAN searches [23]. Survival
analysis was performed with default parameters (log-rank
test, p-value <0.05).

Statistical analysis. All statistical analyses and visualiza-
tions were performed using R software (R version 3.6.3, R
Project for Statistical Computing, RRID:SCR_001905) and
GraphPad Prism 9.0 (GraphPad software). The Wilcoxon
rank-sum test (for comparisons of two groups) or Kruskal-
Wallis’ test (for comparisons of more than two groups) was
used to compare disease-related factors in patients with
low and high expression in different cell populations. The
Kaplan-Meier method was applied to estimate survival
probabilities. Log-rank survival analysis was used to predict
patients’ postoperative overall survival (OS). Optimal cutoff
values for survival analysis were determined by maximally
selected rank statistics wrapped in the R package “survminer”.
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The Cox model was used to assess the prognostic value of
different parameters involving the expression of in different
cell populations. For multiple comparisons, the Benjamini
and Hochberg (BH) method was used to adjust the p-value;
p<0.05 was considered to indicate statistical significance. The
significance of all statistical tests is shown in the figures as
not significant (NS), *p<0.05, **p<0.01.

Results

STING expression in tumor cells positively correlates
with survival in CRC. First, we observed the expression
of STING in CRC. We used IHC to detect STING expres-
sion in CRC tumor TMAs (Figure 1A). The results showed
that STING was expressed in the cytoplasm of CRC cells.
However, the intensity of STING expression in CRC cells
varied from patient to patient, with negative (no expression),
weak, moderately strong, and strong expression (Figure 1A).
To clarify the correlation between STING expression and
the prognosis of CRC patients, we analyzed the relation-
ship between STING expression and survival time of CRC
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Figure 1. STING expression in CRC correlates with patient
survival. A) STING expression in CRC tumor TMAs; B) Ka-
plan-Meier curves based on survival proportions comparing
patients with high and low STING expression.
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patients using Kaplan-Meier curves. The results showed that
patients with high STING expression had a significantly
higher survival rate than those with low STING expression
(p=0.0481; Figure 1B). Therefore, STING expression in CRC
may be associated with patient survival.

The analysis of HPA revealed that STING had the highest
incidence in CRC, ovarian cancer, and pancreatic cancer,
with 83.33%, 58.33%, and 50%, respectively (Supplementary
Figure S1). From the data, it is clear that STING is highly
expressed in CRC cells. The relationship between STING
(TMEM173) expression and COAD prognosis was further
verified by UALCAN. 279 COAD patients from TCGA
database were studied. The results showed that high STING
expression was positively associated with patient prognosis
(Supplementary Figure S2). The above results are consistent
with the positive correlation between high STING expression
and patient prognosis in the 89 CRC patients we analyzed.
The difference in our p-values was more significant, which
is thought to be possibly related to differences in the selected
clinical samples.

STING expression in tumor cells is associated with CRC
lymph node metastasis. The clinical TNM staging of 86 CRC
patients was as follows: tumor size was classified as T1, T2,
and T3, with 5 patients with T1, 14 patients with T2, and 67
patients with T3. Lymph node metastases were categorized as
non-metastatic NO and N1 metastases, of which 31 were N1
patients and 55 were NO patients. No hematogenous metas-
tases were detected in the patients (M=0).

We found that STING expression was higher in NO
and lower in N1 of CRC patients, which were statistically
different (p=0.0046; Figure 2A). Thus, high STING expres-
sion was negatively correlated with lymph node metastasis
in CRC patients (Figure 2A). Furthermore, statistical results
showed no statistically significant association between
STING expression and tumor size: Tland T2, p=0.9096, and
T1and T3, p=0.9481. Thus, STING expression did not corre-
late with tumor size in CRC patients (Figure 2B).
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Figure 2. Analysis of the correlation between STING and adverse clinical
features of CRC. A and B. The statistical significance computed by the
Wilcoxon test is annotated by the number of stars (*p < 0.05; **p < 0.01).

STING expression in tumor cells positively corre-
lates with CRC immune microenvironment lymphocyte
expression, negatively correlates with tumor-associated
M2 macrophages, and does not correlate with NK cells. To
investigate the correlation of STING expression with CRC
immune microenvironment lymphocytes, tumor-associated
M2 macrophages, and NK cells. We used multiplex immuno-
fluorescence to detect the expression of tumor cells STING,
CD3, CD163, and CD56 in CRC TMAs and quantified the
statistical differences between STING and CD3, CD163, and
CD56 (Figure 3A). STING expression in CRC tumor cells
was positively correlated with CD3 expression (p=0.0021;
Figure 3B). In contrast, STING expression was negatively
correlated with CD163 expression (p=0.2740; Figure 3C).
However, there was no statistical significance between
STING and CD56 expression (p=0.5027; Figure 3D).

Tumor cell STING expression positively correlates with
CD8 lymphocyte expression in the CRC immune micro-
environment and does not correlate with CD4 lympho-
cytes. Further, we clarified the correlation between tumor
cell STING expression and CRC immune microenviron-
ment lymphocyte CD4 and CD8 subtypes. We used multi-
plex immunofluorescence to detect the expression of STING,
CD4, and CD8 in consecutive CRC TMA tumor cells and
quantified the statistical differences between STING and
CD4 and CD8 lymphocytes (Figure 4A). The results showed
that STING was positively correlated with CD8 lympho-
cytes (p=0.0020; Figure 4B) and not correlated with CD4
(p=0.2939; Figure 4C).

Discussion

Tumor cells are mostly characterized by abnormalities
such as genomic instability, oncogene mutations or deletions,
and oxidative stress [24-26], which allows leakage of nuclear
and mitochondrial DNA into the cytoplasm [27-29].
Subsequently, it is recognized by ¢cGAS and activates the
downstream effector molecule STING [30-32]. The role of
STING expression within different tumors varies with respect
to the tumor [33, 34]. Existing studies have shown that
STING expression in breast [35], pancreatic [36], squamous,
and malignant melanomas correlates with disease prognosis
[37, 38]. However, for CRC, a March 2025 study identi-
fied four key genes in the cGAS-STING signaling pathway:
NLRC3, CASP1, CXCL10, and AIM2 (this work had already
been published at the time of this manuscript’s review) [39].

Liang et al. found that the upregulation of PD-L1 expres-
sion mediated by a first-line chemotherapy regimen for
the treatment of CRC (FOLFOX: consisting of 5-FU, oxali-
platin, and leucovorin) was dependent on tumor cell-
intrinsic cGAS/STING signaling [40]. Combination thera-
pies targeting STING signaling [41], especially in combi-
nation with immune checkpoint blockade or cytotoxic
therapies, have shown enhanced anti-tumor efficacy. Deng
et al. designed the STING agonist prodrug GB2 to activate
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Figure 3. The relationship between STING and the CRC immune microenvironment. A) Multiplex immunofluorescence detection of STING, CD3,
CD163, CD56 expression in CRC TMAs; B) Relationship between STING expression in CRC tumor cells and infiltrating CD3 within the immune mi-
croenvironment; C) Relationship between STING expression and CD163 in M2 macrophages infiltrating the tumor microenvironment; D) Relation-
ship between the expression of STING and the expression of CD56 on NK cells infiltrated within the tumor.
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Figure 4. The relationship between STING and the CRC immune microenvironment. A) Multiplex immunofluorescence was used to detect the expres-
sion of STING, CD4, and CD8 in consecutive CRC TMA tumor cells; B) Relationship between STING expression in CRC tumor cells and CDS8 infil-
trated by lymphocytes within the tumor; C) Relationship between STING expression in CRC tumor cells and CD4 in lymphocytes infiltrated within

the tumor.

the STING signaling pathway in TAM by targeting CRC
patients, triggering receptor expressed on myeloid cells 2,
showing excellent antitumor efficacy and immune activation
[42]. These findings define STING as a promising prognostic
biomarker and therapeutic target. However, systematic
studies are needed to determine its environment-dependent
mechanisms in tumorigenesis, especially its paradoxical role
in immune activation and primary tumor signaling cascades
under different microenvironmental conditions.

We examined STING levels in the tumor tissues of 86
patients with CRC and explored their clinical significance in
CRC. Our findings confirm that increased STING expression
in CRC is associated with improved patient survival and that
high STING expression is an independent poor prognostic
factor. Clinical characterization revealed that STING expres-
sion levels were significantly correlated with TNM stage and
lymphatic metastasis. Among them, STING expression was
negatively correlated with lymph node metastasis, but not
with tumor size (no patient showed hematogenous metas-
tasis). Therefore, it is initially hypothesized that STING in
CRC improves patient survival by suppressing lymph node
metastasis.

Whether the inhibitory effect of STING on CRC lymph
node metastasis might be related to the effect of STING on
the tumor immune microenvironment remains to be clari-
fied. In this study, we observed the relationship between
STING expression and the regulation of lymphocytes,
tumor-associated M2 macrophages, and NK cells in the CRC
tumor microenvironment. The results showed that STING
activation in CRC cells was negatively correlated with CD163
expression and positively correlated with CD3 expression, but
not with NK cells. Further analysis of the correlation between
STING expression and CD3, CD4, and CD8 subtypes in CRC
cells showed that STING could promote the infiltration of
CD8 lymphocytes.

This study is based on the analysis of TMA tissue samples
and, therefore, may be biased compared to online databases.
To verify the generalizability of the results, we analyzed the
expression of STING in several cancer types by HPA (https://
www.proteinatlas.org/). STING was highly positive in CRC.
Subsequently, the UALCAN database (http://ualcan.path.
uab.edu/) further showed that patients with high STING
expression had a favorable prognosis. These findings are
consistent with our TMA results, suggesting that patients
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with high STING expression may have a better prognosis.
However, the difference in our p-values was more significant
and considered to be related to the differences in the selected
clinical samples.

In summary, the expression and localization of STING in
CRC are closely related to the prognosis of patients. Highly
expressed STING improved survival and inhibited lymph
node metastasis in CRC patients, but was not related to
tumor size. In addition, STING may participate in the CRC
immune microenvironment by affecting CD3, CD163, and
CD8. We hypothesized that STING expression changes
in CRC cells could be one of the promising targets for the
clinical prognosis of CRC patients. These results provide
a theoretical basis for the clinical application of STING
agonists or inhibitors.

Supplementary information is available in the online version
of the paper.
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Supplementary Figure S1. STING expression in several cancer types. Expression data of STING in tumor tissues (HPA, https://www.proteinatlas.org).
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Supplementary Figure S2. Survival analysis of TMEM173 (STING) in patients with COAD.
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