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Abstract

Background Colorectal cancer (CRC) is the third most common malignancy worldwide, but the key driver to distant metas-
tases is still unknown. This study aimed to elucidate the link between immunosurveillance and organotropism of metastases
in CRC by evaluating different gene signatures and pathways.

Material and methods CRC patients undergoing surgery at the Department of General, Visceral and Transplantation Sur-
gery at the Ludwig-Maximilian University Hospital Munich (Munich, Germany) were screened and categorized into MO
(no distant metastases), HEP (liver metastases) and PER (peritoneal carcinomatosis) after a 5-year follow-up. Six patients
of each group were randomly selected to conduct a NanoString analysis, which includes 770 genes. Subsequently, all genes
were further analyzed by gene set enrichment analysis (GSEA) based on seven main cancer-associated databases.

Results Comparing HEP vs. MO, the gene set associated with the Toll-like receptor (TLR) cascade defined by the Reactome
database was significantly overrepresented in HEP. HSP90B 1, MAPKAPK3, PPP2CB, PPP2R1A were identified as the core
enrichment genes. The immunologic signature pathway GSE6875_TCONV_VS_FOXP3_KO_TREG_DN with FOXP3 as
downstream target was significantly overexpressed in MO. RB1, TMEM 100, CFP, ZKSCANS, DDX50 were the core enrich-
ment genes. Comparing PER vs. MO no significantly differentially expressed gene signatures were identified.

Conclusion Chronic inflammation might enhance local tumor growth. This is the first study identifying immune related gene
sets differentially expressed between patients with either liver or peritoneal metastases. The present findings suggest that the
formation of liver metastases might be associated with TLR-associated pathways. In MO, a high expression of FOXP3 + tumor
infiltrating lymphocytes (TILs) seemed to prevent at least in part metastases. Thus, these correlative findings lay the corner-
stone to further studies elucidating the underlying mechanisms of organotropism of metastases.
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Tregs CD4/25 +regulatory T-cells
VEGF Vascular-endothelial growth-factor
Introduction

Colorectal cancer (CRC) is the third most common malig-
nancy worldwide with an increasing incidence over the past
decades. Annually approximately 1 million new cases are
detected (Sakin et al. 2019; Arnold et al. 2017). Moreover, all
over the world more than 15% of all cancer-related deaths are
attributed to CRC (Siegel et al. 2019) with metastatic spread as
the most significant prognostic factor (Cao et al. 2015; Ferlay
et al. 2010). In this respect, up to 30% of CRC patients pre-
sent with distant metastases at initial diagnosis. Furthermore,
patients without distant metastases might have progressive
disease along with metachronous metastases to the liver or
the peritoneum in 60% of cases (Kim et al. 2015; Tauriello
et al. 2017; Siegel et al. 2012). However, no specific markers
or distinct gene signatures have been identified so far defining
the risk for developing distant metastases.

Recently it has been demonstrated that various immunore-
active processes, including local inflammation, immunologi-
cal response, changes in microRNA profiles, and differentially
expressed oncogenes influence the formation of distant metas-
tases (Pretzsch et al. 2019; Brenner et al. 2014; Strubberg and
Madison 2017; Muhammad et al. 2014). Up until now however,
the effect of immunosurveillance on the underlying mechanisms
of metastasis formation and organotropism remain ill-defined.
Recent evidence suggests that the adaptive as well as the innate
immune system might be involved in the metastatic process. In
this respect, tumor infiltrating lymphocytes (TILs) seem to influ-
ence tumor cell intravasation and other early metastatic events,
such as epithelial mesenchymal transition (EMT) and intratu-
moral intravasation (Deryugina et al. 2020; Zhang et al. 2020).
Thus, a deeper knowledge of immunology-associated oncogenes
and their role in metastasis formation is required. Understanding
the mechanisms of metastasis could help to develop personal-
ized diagnostic and therapeutic approaches in the treatment of
CRC patients.

Thus, the present study aimed to investigate gene signatures
of locally advanced CRC leading to distant metastases. Fur-
thermore, this study evaluated gene pathways and highlighted
a potential crosstalk between genes involved in the process of
metastasis via a large-scale gene set enrichment analysis (GSEA).

Material and methods
Colorectal cancer patients surgically treated at the Depart-

ment of General, Visceral and Transplantation Surgery
at the Ludwig-Maximilian University Hospital Munich
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(Munich, Germany) were screened. Patients missing for-
malin-fixed paraffin-embedded (FFPE) tissue of the pri-
mary tumor, as well as patients presenting with co-malig-
nancies, Lynch-Syndrom and other hereditary diseases
were excluded from the present analysis. After a 5-year
follow-up, the patients were grouped into three groups:
patients with locally advanced CRC without metastases
(MO), patients with distant metastases exclusively to the
liver, either synchronous or metachronous (HEP) and
patients with peritoneal carcinomatosis (PER). Follow-
up was conducted by periodic visits and cross-sectional
imaging was done after defined periods. To prevent pos-
sible overlaps, patients with hepatic and peritoneal metas-
tases were not included in the present analysis. Locally
advanced CRC was defined as T3 or T4 tumors, thus
patients with a T1 or T2 tumor were not included in the
present analysis.

Eighteen patients, six from each group, were randomly
selected for further characterization. Primary tumor
RNA was isolated from FFPE specimens via microdis-
section as described previously (Bosch et al. 2019a).
NanoString analysis using the nCounter® PanCancer
Progression Panel by NanoString-Technologies (Ham-
burg, Germany) was used (Tsang et al. 2017). Recently,
it has been demonstrated that this panel generates reli-
able and valuable results in cancer research (Cheng 2020;
Sundar 2020; Bilusic et al. 2021; Bugide et al. 2020).
The panel includes genes (n=770), which are grouped
into main biological aspects such as angiogenesis, tumor
growth and invasion, metabolism and hypoxia as well
as epithelial-mesenchymal transition (EMT). Further-
more, layers of the extracellular matrix and its remod-
eling and distinct transcription factors were included
in the present analysis. But genes not included in the
nCounter®PanCancer Progression Panel are not detected
by the present analysis. All genes were tabulated accord-
ing to their level of significance and their gene expres-
sion value. Gene expression levels of MO were compared
to HEP and PER. The entire gene expression analysis
was included in the primary GSEA which was performed
using the Broad Institute software (Yang 2021). Results
were referenced to pathways from the following data-
bases: Reactome, Biocarta, Kyoto Encyclopedia of Genes
and Genomes (KEGG), Gene Ontology (GO), Hallmark
gene sets, oncogenic and immunologic signatures (Fab-
regat et al. 2018; Kanehisa et al. 2017; Resource 2019;
Liberzon et al. 2015; Lin et al. 2007). The p values are
considered nominal p values and were adjusted for mul-
tiple testing within the specific pathway data base with
the Bonferoni-Holm method (g value). p values <0.05
and g values <0.25 were considered significant, p val-
ues < 0.001 were considered highly significant.
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Results
Baseline patient characteristics

Six patients were included in each group. Medium age was
70.2 years (8.5 years). Eleven female and seven male
patients were analyzed. The primary tumor site was equally
distributed among the groups. The vast majority (> 85%)
of carcinomas were staged as T3 with lymph node metasta-
ses. Of the 12 patients with metastases, 9 had synchronous
metastatic disease and 3 patients developed metachronous
spread. All patients analyzed received either neoadjuvant or
adjuvant chemotherapy. A detailed overview of the entire
cohort is given in Table 1.

NanoString analysis

The NanoString-Analysis was performed using the
nCounter® PanCancer Progression Panel by NanoString-
Technologies (Hamburg, Germany). This panel includes
770 genes associated with the development and progres-
sion of distant metastases. These 770 genes were cross-
referenced with every pathway of the 7 above mentioned
databases. Accordingly, pathways which include genes
analyzed with the nCounter® PanCancer Progression Panel
were further evaluated by GSEA. The total number of

potential pathways of each database as well as the number
of tested pathways are displayed in Table 2.

Gene set enrichment analysis of HEP vs. MO
Reactome database

In tumors leading to liver metastases (HEP), the Reactome
Toll Receptor cascade (RTRc) of the Reactome database
was highly enriched. The normalized enrichment score
(NES) of 1.68 had a significant q value of 0.23. RTRc
was one of the 58 tested pathways out of the Reactome

Table 2 The potential pathways of the seven databases and the final
pathways applied to large-scale gene set enrichment analysis

Database Potential pathways  Tested
(n) pathways
()
Reactome 674 58
Biocarta 217 14
KEGG 186 57
GO 5917 1182
Hallmarks gene sets 50 24
Oncogenic signatures 189 76
Immunologic signatures 4872 1177

KEGG Kyoto encyclopedia of genes and genomes; GO Gene ontol-
ogy

Table 1 Baselines patient

o Patient Group Gender Age PTS T N M G UICC M (s/m) Therapy
characteristics of the analyzed
patients 1 PER  f 32 4 1 1 3 4 n.a 2
2 PER f 72 5 4 1 1 3 4 n.a 2
3 PER m 84 1 3 1 1 3 4 n.a 2
4 PER f 48 1 3 0 1 2 3 n.a 2
5 PER m 89 4 3 1 1 2 4 n.a 2
6 PER f 61 2 4 1 1 2 3 n.a 2
7 HEP m 70 4 3 0 1 2 4 s 3
8 HEP m 76 6 3 2 1 3 4 s 2
9 HEP f 78 2 3 1 1 2 3 m 2
10 HEP f 74 1 3 2 1 3 4 s 2
11 HEP m 56 6 3 1 1 2 4 S 3
12 HEP m 57 6 3 2 1 3 4 s 2
13 MO f 73 5 3 1 0 3 3 n.a 2
14 MO f 67 3 3 2 0 3 3 n.a 2
15 MO f 86 6 3 1 0 3 3 n.a 2
16 MO f 59 2 3 1 0 2 3 n.a 1
17 MO f 74 1 3 2 0 2 3 n.a 2
18 MO m 67 4 3 1 0 2 3 n.a 2

Gender: ffemale, mmale; PTS primary tumor site: 1 =coecum, 2=ascending, 3 =transvers, 4 =descend-
ing, 5=sigmoid, 6 =rectum; M (s/m): m =metachronous metastasis, s =synchronous; Therapy: 1 =neoad-
juvant, 2=adjuvant, 3 =both; G =grading; T=tumor size; N=1lymph node status; M =distant metastasis;
UICC union for international cancer control
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database and includes 118 genes. Out of these 118 genes
17 genes were included in the chosen NanoString-panel.

Consequently, these 17 genes were transferred to
the enrichment analysis. Four specific genes namely
HSP90B1, MAPKAPK3, PPP2CB, PPP2R1A exhibited
the highest contribution to the NES of 1.68 indicating
an important role in the gene set associated to Toll-like
receptor (TLR) pathways and the development of liver
metastases. These 4 as well as the other 13 tested genes
are represented in the enrichment plot in Fig. 1. The con-
tribution of genes to the enrichment curve is shown. All
tested genes and their differential expression are presented
in the heat map of Fig. 2.

Immunologic signature database

In locally advanced tumors without distant metastases
(MO), the immunologic signature pathway GSE6875_
TCONV_VS_FOXP3_KO_TREG_DN was remarkably
overrepresented compared to patients presenting with
liver metastases (HEP). The NES of —1.89 was highly
significant (p <0.001) with a significant g value of 0.16.
From 200 genes in this pathway, 18 were also present in
the NanoString-panel.
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From those 18 tested genes, 5 genes (RB1, TMEM100,
CFP, ZKSCANS, DDX50) had the greatest influence on the
core enrichment with a significant correlation to the MO
group. The enrichment plot is presented in Fig. 3 and the
heat map in Fig. 4 summarizes all 18 genes including the 5
core enrichment genes.

Gene set enrichment analysis of PER vs. MO

In addition, to evaluate differences in gene expression lev-
els of patients with peritoneal carcinomatosis (PER) com-
pared to patients without distant metastases (MO), their
gene expression results were analyzed. Thus, a GSEA
of the NanoString results derived from the use of the
nCounter®PanCancer Progression Panel was done. However,
this analysis did not show a significant downregulation or
upregulation of distinct gene sets. For this analysis, the seven
above mentioned databases were used.
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Fig.2 Heat map displaying all
tested genes and their expres-
sion profiles from the Reac-
tome_Toll_Receptor_Cascade
of the Reactome database.
Strong expression =dark

red, semi-strong expres-
sion=orange, weak expres-
sion=white. Core enrichment
genes are highlighted in the box

Fig.3 Enrichment plot for
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the enrichment curve, graphical
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Fig.4 Heat map display-
ing all tested genes and their
expression profile from the
GSE6875_TCONV_VS_
FOXP3_KO_TREG_DN
pathway of the Immunologic
signatures database. Strong
expression=dark red, semi-
strong expression =orange,
weak expression = white. Core
enrichment genes are high-
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Discussion

HEP vs. MO: reactome toll-like receptor-cascade

Chronic inflammation, as seen in patients suffering from
colitis ulcerosa, is associated with an increased risk of
CRC. Thus, a chronic inflammatory state, inter alia medi-
ated by an up- or downregulation of TLRs, is closely related
to the development of CRC (Pretzsch et al. 2019; Fukata
et al. 2007). However, only little is known about the influ-
ence of immunological processes on the development of
distant metastases (Rumba et al. 2018). In this respect, the
present analysis demonstrated a significant overrepresenta-
tion of an immunological gene set consisting of 17 genes.
Gene group was enriched in tumors of patients with liver
metastases compared to patients without distant spread.
One of the core enriched genes of the present analysis was
the co-chaperon HSP90B1, which directly influences the
functionality of most TLRs (Graustein 2018). Recently,
it was demonstrated that TLR2 was highly upregulated in
CRC compared to normal mucosa (Paarnio et al. 2019) and
TLRs might even prove to be important as diagnostic mark-
ers. Furthermore, TLRs correlate with high inflammation
and poor prognosis in CRC patients (Paarnio et al. 2017).
The findings of the present analysis may indicate a convinc-
ing relationship between inflammatory processes mediated
by TLR-cascades and the metastatic pattern of CRC thus
explaining the poor prognosis. Recently, it could be shown
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in a murine model that the activation of TLR4 resulted in
a higher adhesion of tumor cells to the extracellular matrix
and increased invasion modulated by NF-kB and B-integ-
rins, which in turn could imply a higher potential for distant
metastasis formation (Wang et al. 2003). In addition, via
activation of myeloid differentiation primary response pro-
tein 88 (MyD88) initiated by NF-xB and mitogen-activated
protein kinases (MAPK) the activation of the TLR cascade
led to increased levels of interleukin-6 (IL-6) and 8 (Waugh
and Wilson 2008; Kawai et al. 2004). In this respect, an
increase in IL-6 was associated with larger tumor size and
liver metastases (Galizia et al. 2002). Likewise, lung cancer
cells activate macrophages via TLR2/6 and 9 to produce
TNF-a and IL-6 resulting in a rapid metastatic progress
(Kim et al. 2009). The present findings emphasize a strong
correlation of TLRs and the formation of liver metastases.
In this respect, the analysis of TLRs might also lead to a
multimodal therapeutic approach individually defined for
each patient. Furthermore, MAPKAPK3, a core enrichment
gene upregulated in HEP, is currently under investigation as
an immuno-reactive autoantibody to detect primary CRC
in blood samples (Babel et al. 2009; Rosa et al. 2011). The
present findings further support this approach and it might
even become a screening tool detecting metachronous liver
metastases in resected, initially MO CRC patients.
Interestingly, TMEM100, a core enrichment gene upregu-
lated in the MO subgroup, is a tumor suppressor gene in
non-small cell lung carcinoma as well as in hepatocellular
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carcinoma. Low TMEM100 levels are associated with poor
prognosis and distant metastases in both tumor entities (Han
et al. 2017; Ou et al. 2015). The knowledge of the exact
role of TMEM100 in CRC is limited and further studies are
highly demanded. Nonetheless, the present findings indicate
that TMEM 100 has a similar function in CRC.

In addition, TLR-9 may play an important role in CRC.
In a mouse model, IMO-2055, a TLR 9 agonist, exerted
anti-tumor effects by increasing IL-6 and 12 levels with only
little inflammatory reaction (Wang et al. 2004; Ojik et al.
2003; Damiano et al. 2006). Moreover, the addition of TLR9
agonists to established chemotherapy regimens had intrigu-
ing results. IMO-2055 cooperates with EGF, HER2 and
VEGF receptor inhibitors and increases their affinity to the
receptors. It can also inhibit the growth of KRAS mutated
colorectal and pancreatic cancer in combination with cetuxi-
mab (Rosa et al. 2011; Damiano et al. 2006; Damiano et al.
2007; Damiano et al. 2009; Basith et al. 2012). Thus, a clini-
cal study currently investigates the effect of the addition of
IMO-2055 to 5-Fluorouracil, folin-acid, irinotecan (FOL-
FIRI) and cetuximab in CRC patients progressing under
chemotherapy (Chan et al. 2015). In this respect, the present
findings suggest that the cross-talk within a network of genes
might be a potential therapeutic target.

HEP vs. MO: immunologic signature: GSE6875 _
TCONV_VS_FOXP3_KO_TREG_DN

TILs and their influence on patient survival have been con-
troversially debated over recent years (Shang et al. 2015;
Galon et al. 2006; Bosch et al. 2019b). Cytotoxic T-cells
have a positive influence on patient survival and serve as a
positive prognostic marker (Chiba et al. 2004; Pages et al.
2005). Regulatory T-cells (Tregs), on the contrary, are asso-
ciated with poor prognosis in most solid tumors (Zou 2006;
Needham et al. 2006). However, Tregs are correlated with
a better overall survival in patients with CRC (Salama et al.
2009). FOXP3 is the most important transcription factor
of Tregs regulating their integrity and function (Marzano
et al. 2009). The GSEA of this study demonstrated a sig-
nificant overrepresentation of genes included in the pathway
GSE6875_TCONV_VS_FOXP3_KO_TREG_DN which
leads to higher levels of FOXP3 + Tregs when comparing
MO to HEP. Consequently, this suggests that immunosurveil-
lance mediated by FOXP3 might play an important role in
preventing distant metastases of CRC. This is further sup-
ported by Vlad et al. who demonstrated that stage I or II
CRC had significantly more FOXP3 + Tregs than stage III
or IV tumors suggesting an anti-tumor effect (Salama et al.
2009; Vlad et al. 2015). Nonetheless, Kim et al. showed
that CRC cells are capable to produce FOXP3 + TILs. While
the authors confirmed the positive prognostic impact of
FOXP3 + TILs on survival, they also underlined that CRC

cells can express FOXP3 on their surface, thus avoiding
destruction by the host immune system (Kim 2013). In this
respect, further studies on the effect of FOXP3 + TILs and
CRC are highly demanded. Their influence on survival and
their prognostic impact has to be elucidated.

PER vs. MO

As mentioned above, no gene set contributed to any of the
pathways tested in this enrichment analysis. This limitation
is most likely due to the limited number of genes result-
ing from the NanoString analysis. As the GSEA approach
rather evaluates the workflow of a whole set of genes and
its role in any pathway of interest, a certain number of input
genes is required to be able to gain significant insights.
Since the majority of pathways analyzed consist of a rather
large number of genes, these criteria were probably not met.
Nonetheless, this lack of significance further supports the
hypothetical approach of a biological difference in tumors
leading either to liver or peritoneal metastases.

Although the present findings indicate a relationship
between immune related gene sets and organotropism
in CRC patients, there are limitations as well. Firstly,
this study is based on a correlative level applying the
nCounter®PanCancer Progression Panel by NanoString-
Technologies. The panel allows a comprehensive analysis
of almost 800 metastasis-related genes, but not a functional
relationship. Nonetheless, this demanding assay and the
large-scale GSEA helps to elucidate a correlation between
gene sets, metastasis and organotropism. Secondly, the
study includes 18 patients, which represents a small col-
lective at a first glance. However, the large-scale GSEA
should identify gene sets associated to metastasis. Moreover,
the present study was designed as a basis for investigating
organotropism in colorectal cancer in future studies. In this
regard, in a first step the analysis of a clear and well-charac-
terized cohort facilitates the identification of distinct differ-
ences more easily. Therefore, based on the present intriguing
findings further studies are urgently needed to analyze the
functional relevance of the identified gene sets. The present
findings should thereby be the basis for further research.

In conclusion, the present study shows that the meta-
static route to the liver is partially driven by immunologic
reactions. It seems that TLRs play an important role, but
the exact role of TLRs needs to be elucidated. Since dis-
tant metastases are the main driver of CRC-related death,
TLR-associated pathways represent a promising approach
for diagnosis and treatment. Moreover, it seems that the
upregulation of Tregs mediated by FOXP3 at least in part
hindered primary CRC from forming distant metastases.
This probably illustrates an adjuvant treatment possibility
for non-metastasized patients.

@ Springer



3340

Journal of Cancer Research and Clinical Oncology (2021) 147:3333-3341

Funding Open Access funding enabled and organized by Projekt
DEAL.

Declarations

Conflict of interest This work has not been published or accepted for
publication, nor is it under consideration at another journal. Moreover,
I would like to declare on behalf of the authors that there are no ethical
nor other conflicts of interests and that all authors have seen and ap-
proved the manuscript.

Ethical standards The study was performed according to the recom-
mendations of the local ethics committee of the Medical Faculty of the
LMU Munich who approved the protocol of the study (no. 19-966).

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article's Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in
the article's Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

Arnold M et al (2017) Global patterns and trends in colorectal cancer
incidence and mortality. Gut 66(4):683-691

Babel I et al (2009) Identification of tumor-associated autoantigens
for the diagnosis of colorectal cancer in serum using high density
protein microarrays. Mol Cell Proteomics 8(10):2382-2395

Basith S et al (2012) Roles of toll-like receptors in cancer: a dou-
ble-edged sword for defense and offense. Arch Pharm Res
35(8):1297-1316

Bilusic M et al (2021) Molecular profiling of exceptional responders
to cancer therapy. Oncologist 26(3):186—195

Bosch F et al (2019a) Treatment with somatostatin analogs induces
differentially expressed let-7c-5p and mir-3137 in small intestine
neuroendocrine tumors. BMC Cancer 19(1):575

Bosch F et al (2019b) Immune checkpoint markers in gastroen-
teropancreatic neuroendocrine neoplasia. Endocr Relat Cancer
26(3):293-301

Brenner H, Kloor M, Pox CP (2014) Colorectal cancer. Lancet
383(9927):1490-1502

Bugide S et al (2020) Loss of HAT1 expression confers BRAFV600E
inhibitor resistance to melanoma cells by activating MAPK signal-
ing via IGF1R. Oncogenesis 9(5):44

Cao H et al (2015) Epithelial-mesenchymal transition in colorectal can-
cer metastasis: a system review. Pathol Res Pract 211(8):557-569

Chan E et al (2015) Open-label phase 1b study of FOLFIRI plus cetuxi-
mab plus IMO-2055 in patients with colorectal cancer who have
progressed following chemotherapy for advanced or metastatic
disease. Cancer Chemother Pharmacol 75(4):701-709

Cheng Y et al (2020) Reconstruction of immune microenvironment and
signaling pathways in endometrioid endometrial adenocarcinoma
during formation of lymphovascular space involvement and lymph
node metastasis. Front Oncol 10:595082

@ Springer

Chiba T et al (2004) Intraepithelial CD8+ T-cell-count becomes a
prognostic factor after a longer follow-up period in human colo-
rectal carcinoma: possible association with suppression of micro-
metastasis. BrJ Cancer 91(9):1711-1717

Damiano V et al (2006) Novel toll-like receptor 9 agonist induces
epidermal growth factor receptor (EGFR) inhibition and syner-
gistic antitumor activity with EGFR inhibitors. Clin Cancer Res
12(2):577-583

Damiano V et al (2007) TLR9 agonist acts by different mechanisms
synergizing with bevacizumab in sensitive and cetuximab-
resistant colon cancer xenografts. Proc Natl Acad Sci USA
104(30):12468-12473

Damiano V et al (2009) A novel toll-like receptor 9 agonist cooper-
ates with trastuzumab in trastuzumab-resistant breast tumors
through multiple mechanisms of action. Clin Cancer Res
15(22):6921-6930

Deryugina E et al (2020) Neutrophil elastase facilitates tumor
cell intravasation and early metastatic events. Science
23(12):101799

Fabregat A et al (2018) The reactome pathway knowledgebase. Nucleic
Acids Res 46(D1):D649-d655

Ferlay J et al (2010) Estimates of worldwide burden of cancer in 2008:
GLOBOCAN 2008. Int J Cancer 127(12):2893-2917

Fukata M et al (2007) Toll-like receptor-4 promotes the develop-
ment of colitis-associated colorectal tumors. Gastroenterology
133(6):1869-1881

Galizia G et al (2002) Prognostic significance of circulating IL-10 and
IL-6 serum levels in colon cancer patients undergoing surgery.
Clin Immunol 102(2):169-178

Galon J et al (2006) Type, density, and location of immune cells
within human colorectal tumors predict clinical outcome. Sci-
ence 313(5795):1960-1964

Graustein AD et al (2018) Toll-like receptor chaperone HSP90B 1
and the immune response to Mycobacteria. PLoS ONE
13(12):0208940

Han Z et al (2017) Low-expression of TMEM100 is associated with
poor prognosis in non-small-cell lung cancer. Am J Transl Res
9(5):2567-2578

Kanehisa M et al (2017) KEGG: new perspectives on genomes, path-
ways, diseases and drugs. Nucleic Acids Res 45(D1):D353-d361

Kawai T et al (2004) Interferon-alpha induction through Toll-like
receptors involves a direct interaction of IRF7 with MyD88 and
TRAF6. Nat Immunol 5(10):1061-1068

Kim S et al (2009) Carcinoma-produced factors activate myeloid cells
through TLR2 to stimulate metastasis. Nature 457(7225):102-106

Kim M et al (2013) Expression of Foxp3 in colorectal cancer but not
in Treg cells correlates with disease progression in patients with
colorectal cancer. PLoS ONE 8(1):e53630

Kim TM et al (2015) Subclonal genomic architectures of primary and
metastatic colorectal cancer based on intratumoral genetic hetero-
geneity. Clin Cancer Res 21(19):4461-4472

Liberzon A et al (2015) The molecular signatures database (MSigDB)
hallmark gene set collection. Cell Syst 1(6):417-425

Lin W et al (2007) Regulatory T cell development in the absence of
functional Foxp3. Nat Immunol 8(4):359-368

Marzano AV et al (2009) Primary cutaneous T-cell lymphoma express-
ing FOXP3: a case report supporting the existence of malignan-
cies of regulatory T cells. ] Am Acad Dermatol 61(2):348-355

Muhammad S et al (2014) MicroRNAs in colorectal cancer: role
in metastasis and clinical perspectives. World J Gastroenterol
20(45):17011-17019

Needham DJ, Lee JX, Beilharz MW (2006) Intra-tumoural regulatory
T cells: a potential new target in cancer immunotherapy. Biochem
Biophys Res Commun 343(3):684-691


http://creativecommons.org/licenses/by/4.0/

Journal of Cancer Research and Clinical Oncology (2021) 147:3333-3341

3341

Ou D et al (2015) Novel roles of TMEM100: inhibition metasta-
sis and proliferation of hepatocellular carcinoma. Oncotarget
6(19):17379-17390

Paarnio K et al (2017) Divergent expression of bacterial wall sensing
Toll-like receptors 2 and 4 in colorectal cancer. World J Gastro-
enterol 23(26):4831-4838

Paarnio K et al (2019) Serum TLR2 and TLR4 levels in colorec-
tal cancer and their association with systemic inflammatory
markers, tumor characteristics, and disease outcome. APMIS
127(8):561-569

Pages F et al (2005) Effector memory T cells, early metastasis, and
survival in colorectal cancer. N Engl J Med 353(25):2654-2666

Pretzsch E et al (2019) Mechanisms of metastasis in colorectal cancer
and metastatic organotropism: hematogenous versus peritoneal
spread. J Oncol 2019:7407190

Resource TGO (2019) 20 years and still GOing strong. Nucleic Acids
Res 47(D1):D330-d338

Rosa R et al (2011) Toll-like receptor 9 agonist IMO cooperates with
cetuximab in K-ras mutant colorectal and pancreatic cancers. Clin
Cancer Res 17(20):6531-6541

Rumba R et al (2018) Systemic and local inflammation in colorectal
cancer. Acta Med Litu 25(4):185-196

Sakin A et al (2019) Factors affecting survival in patients with
isolated liver-metastatic colorectal cancer treated with local
ablative or surgical treatments for liver metastasis. J Buon
24(5):1801-1808

Salama P et al (2009) Tumor-infiltrating FOXP3+ T regulatory cells
show strong prognostic significance in colorectal cancer. J Clin
Oncol 27(2):186-192

Shang B et al (2015) Prognostic value of tumor-infiltrating FoxP3+
regulatory T cells in cancers: a systematic review and meta-anal-
ysis. Sci Rep 5:15179

Siegel R et al (2012) Cancer treatment and survivorship statistics, 2012.
CA Cancer J Clin 62(4):220-241

Siegel RL, Miller KD, Jemal A (2019) Cancer statistics, 2019. CA
Cancer J Clin 69(1):7-34

Strubberg AM, Madison BB (2017) MicroRNAs in the etiology of
colorectal cancer: pathways and clinical implications. Dis Model
Mech 10(3):197-214

Sundar R, et al. (2020) Spatial profiling of gastric cancer patient-
matched primary and locoregional metastases reveals principles
of tumour dissemination. Gut.

Tauriello DV et al (2017) Determinants of metastatic competency in
colorectal cancer. Mol Oncol 11(1):97-119

Tsang HF et al (2017) NanoString, a novel digital color-coded barcode
technology: current and future applications in molecular diagnos-
tics. Expert Rev Mol Diagn 17(1):95-103

van Ojik HH et al (2003) CpG-A and B oligodeoxynucleotides enhance
the efficacy of antibody therapy by activating different effector cell
populations. Cancer Res 63(17):5595-5600

Vlad C et al (2015) The prognostic value of FOXP3+ T regulatory cells
in colorectal cancer. J Buon 20(1):114-119

Wang JH et al (2003) Endotoxin/lipopolysaccharide activates NF-kappa
B and enhances tumor cell adhesion and invasion through a beta 1
integrin-dependent mechanism. J Immunol 170(2):795-804

Wang D et al (2004) Immunopharmacological and antitumor effects of
second-generation immunomodulatory oligonucleotides contain-
ing synthetic CpR motifs. Int J Oncol 24(4):901-908

Waugh DJ, Wilson C (2008) The interleukin-8 pathway in cancer. Clin
Cancer Res 14(21):6735-6741

Yang H et al (2021) High expression of the component 3a recep-
tor 1 (C3AR1) gene in stomach adenocarcinomas infers a poor
prognosis and high immune-infiltration levels. Med Sci Monit
27:€927977

Zhang J et al (2020) Interleukin-8 promotes epithelial-to-mesenchymal
transition via downregulation of mir-200 family in breast cancer
cells. Technol Cancer Res Treat 19:1533033820979672

Zou W (2006) Regulatory T cells, tumour immunity and immuno-
therapy. Nat Rev Immunol 6(4):295-307

Publisher's Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

@ Springer



	The association of immunosurveillance and distant metastases in colorectal cancer
	Abstract
	Background 
	Material and methods 
	Results 
	Conclusion 

	Introduction
	Material and methods
	Results
	Baseline patient characteristics
	NanoString analysis
	Gene set enrichment analysis of HEP vs. M0
	Reactome database
	Immunologic signature database

	Gene set enrichment analysis of PER vs. M0

	Discussion
	HEP vs. M0: reactome toll-like receptor-cascade
	HEP vs. M0: immunologic signature: GSE6875_TCONV_VS_FOXP3_KO_TREG_DN
	PER vs. M0

	References




