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Abstract: Traditional serrated adenomas (TSAs) and sessile
serrated adenomas (SSAs) are known precursors to color-
ectal cancer (CRC), but differentiating between them mor-
phologically can be challenging. This study developed an
immune molecule-based model to distinguish TSA from
SSA using RNA sequencing data from the GEO datasets
(GSE117606, GSE45270, GSE117607). Gene expression pro-
filing was conducted with the R package GEOquery, and
immune cell infiltration was assessed using CIBERSORTx.
Differential expression analysis of immune-related genes was
performed with the “limma” package. Enrichment analysis of
differentially expressed genes (DEGs) was conducted using
“clusterProfiler” for Gene Ontology and kyoto encyclopedia of
genes and genomes pathways, identifying protein-protein inter-
action networks to find core hub genes. Notable differences in
immune cell infiltration were observed among SSA, TSA, CRC,
and healthy tissues, involving various immune cell types. A total
of 45 DEGs (34 upregulated, 11 downregulated) were identified,
with CCL2 and CXCL11 emerging as key hub genes. Their diag-
nostic potential was validated through receiver operating char-
acteristic analysis in GEO datasets and clinical samples, while
immunohistochemistry revealed decreased expression of CCL2
and CXCL11 in SSA compared to TSA and normal tissues, indi-
cating their role in SSA pathogenesis and potential as molecular

diagnostic markers. The diagnostic value of CCL2 is superior to
that of CXCL11, while the diagnostic value of CXCL11 requires
further experimental verification.
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1 Introduction

Colorectal cancer (CRC), also known as colon cancer, bowel
cancer, or rectal cancer, is the most common type of
gastrointestinal cancer [1]. It is crucial to identify lesions
before the tissue transforms because most CRC cases are
caused by the malignant transformation of precancerous
adenomatous and serrated polyps (2).

Serrated polyps are usually classified into four cate-
gories, i.e., hyperplastic polyps, sessile serrated adenomas
(SSAs), traditional serrated adenomas (TSAs), and unclassi-
fied serrated adenomas, among which SSA with dysplasia
and TSA are the most common precursors of CRC [2]. The
serrated polyps that are most important are those that are
slightly flattened, broadly based, and contain small, round
to oval, and basally located nuclei [3]. SSA is a complicated
disease that interacts with the microenvironment, usually
located on the crests of mucosal folds [3]. The molecular
landscape of sessile serrated lesions is characterized by
wild-type KRAS gene, mutated v-raf murine sarcoma viral
oncogene homolog B gene (or BRAF), CpG-island methy-
lator-H phenotype (or CIMP-H phenotype) with methylated
Human Mut-L Homologue 1 (also known as MLH1), which
are acquired in an early phase and result in microsatellite
instability (MSI) or methylated hypermethylation of O6-
methylguanine DNA methyltransferase (also known as
MGMT) with WNT pathway activation and MSS status.
TP53 mutation and p16 silencing are found in only a small
number of instances [4]. TSA, also known as a “pinecone-
like” lesion, is a rare condition that occurs in less than 1%
of all serrated polyps and less than 1% of all colorectal
polyps [5]. The molecular heterogeneity of TSA lesions is
present, with KRAS mutations being slightly less prevalent
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than BRAF mutations. TSA is also characterized by a CIMP-
L phenotype. When they develop high-grade dysplasia,
they may present activation of the WNT pathway and
mutations in TP53 [6]. Moreover, some studies [7,8] have
suggested that SSA is a recognized precursor of CRC with
high MSI levels, whereas TSA is more likely to evolve into a
TSA that is microsatellite-stable or has low levels of MSI.
Even though SSA and TSA are distinct (demographically
and molecularly) [9], it can be challenging to distinguish
them by only cytologic characteristics.

In this study, we established and validated a novel mole-
cular diagnostic model based on the immune response, which
was used to differentiate SSA from TSA.

2 Materials and methods

2.1 Microarray datasets and data processing

SSA and TSA data were collected from the GSE117606 data-
base (gene expression profiles by array from 70 patients),
which consists of 10 SSAs, 59 TSAs, 74 tumor tissues, and 65
adjacent normal tissues; the GSE45270 database (gene
expression profiles by array from patients, including 6 ser-
rated adenomas and 7 tubular adenomas); and GSE117607
database (gene expression profiles by array from 135
patients presenting with colorectal adenomas during sur-
gery or colonoscopy). All the GEO datasets were down-
loaded and processed using the R package GEOquery.

2.2 Immune infiltration analysis

The evaluation of 22 immune cell infiltration levels was
done using CIBERSORT and R language. As previously
reported [10], the proportion of immune cells in each
sample was calculated.

2.3 Identification of immune-related
differentially expressed genes (DEGs)

The DEGs between tissues (SSAs vs TAs and SSAs vs normal
intestinal tissues) were analyzed using the “limma package”
in R language. Genes with a P-value of <0.05 were considered
significant; immune-related DEGs were considered overlaps
with immune cell-specific marker genes, as selected in the R
language [11].

2.4 Functional and pathway enrichment
analysis

The functions of DEGs were analyzed using Gene Ontology
(GO) analysis. The “clusterProfiler” package was used to
conduct GO analysis [12]; a P-value of <0.05 was considered
statistically significant enrichment. Kyoto encyclopedia of
genes and genomes (KEGG) analysis was used to assess
significant pathways for gene enrichment.

2.5 Protein–protein interaction (PPI)
network analysis of immune-
related DEGs

PPIs among immune-related DEG proteins were examined
using the STRING platform [13]. Sub-clusters of the PPI
network were assessed using the Cytoscape plug-in. Conse-
quently, genes with high scores were selected. The inter-
section of the results from ten different algorithms was
evaluated, and the top two highest-scoring genes were
extracted for further analysis.

2.6 Inclusion criteria

Inclusion criteria: Patients diagnosed with serrated ade-
noma or traditional adenoma.

Specimen processing and analysis: Cutting slides from
formalin-fixed, paraffin-embedded blocks, followed by
immunohistochemical analysis. The entire procedure is
non-invasive to the patient.

2.7 Immunohistochemistry (IHC) assay

The clinical samples obtained from patients with SSAs (n =

6), patients with TSAs (n = 6), and patients with normal
intestinal tissues (n = 6) were collected from Yunnan
Cancer Center (Kunming, China) from 2019 to 2021. After
pretreating the samples, they were incubated with primary
antibodies against MCP1 Polyclonal antibody (1:200 dilu-
tion; Rabbit; no. 25542-1-AP; Proteintech) and CXCL11
Polyclonal antibody (1:200 dilution; Rabbit; no. 10707-1-
AP; Proteintech). Image-Pro Plus 6.0 (Media Cybernetics,
Inc., Rockville, MD, USA) was used for analysis, after which
the mean optical density (MOD) value was calculated.
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Figure 1: (a) Landscape of 22 immune cell subgroups infiltration in four CRC tissues. Proportion of immune cell infiltration between SSA and N (b) and
between SSA and TSA (c). SSA: sessile serrated adenoma; TSA: traditional serrated adenoma; N: normal tissue.
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Informed consent: Informed consent has been obtained
from all individuals included in this study.

Ethical approval: The research related to human use has
been complied with all the relevant national regulations
and institutional policies and in accordance with the tenets
of the Helsinki Declaration and has been approved by the
Ethics Committee of The Third Affiliated Hospital of
Kunming Medical University and Yunnan Cancer Center.

2.8 Statistical analysis

The analysis of variance (ANOVA) method was applied to
compare the continuous variables among the three groups.
The Student’s t-test was used to compare the continuous vari-
ables of the two groups in clinical features. A non-parametric
test was applied if the data presented dissatisfied homoge-
neity of variance. Pearson’s analysis was used to analyze the
correlation between gene expression and the fraction of
immune cells. The diagnostic value of gene expression in
patients with SSAs was analyzed using receiver operating
characteristic (ROC) curves, with the area under curve
(AUC) being used to estimate the diagnostic value. The statis-
tical analyses were carried out using R software (version
4.1.0). Image analysis: Grayscale quantification of stained
tissue sections was performed using ImageJ software (v1.53).
Data acquisition: a minimum of five sample points were
systematically collected within identical regions of interest.
Calculation: MOD values were computed using the formula:

( )
=

∑
n

MOD
optical density values

,

where n represents the number of measurement points.
Statistical comparison: Intergroup comparisons were
conducted using one-way ANOVA with post hoc
Tukey’s test. P-value <0.05 was considered statistically
significant.

Figure 2: (a) Volcano plot of immune-related genes in GSE117606 (red represents DEGs). (b) The heatmap shows immune-related genes in SSA and TA.
(c) Principal component analysis (PCA) involving immune-related genes in GSE117606. (d and e) Biological process (BP) and molecular function (MF) of
immune-related DEGs between TA and SSA, respectively. (f) KEGG analysis of immune-related DEGs between TA and SSL.

Table 1: Immune cell infiltration showed statistically significant differ-
ences among the four groups

Immune cells P values

Activated mast cells 1.53 × 10−13

Resting mast cells 1.82 × 10−16

Activated dendritic cells 0.01
Resting dendritic cells 1.73 × 10−7

Macrophages
M0 1.72 × 10−8

M1 4.43 × 10−9

M2 1.28 × 10−5

Regulatory T cells (Tregs) 0.02
Follicular Helper T cells 0.003
Activated memory T CD4 cells 0.0002
Plasma cells 7.92 × 10−11

Naive B cells 0.01
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3 Results

3.1 Landscape of immune cell infiltration in
SSA and TSA

We first assessed the landscape of cell infiltration in SSA,
TA, tumors, and adjacent normal tissues using CIBERS-
ORTx.22. The sub-populations of immune cells were
obtained from the GSE117606 dataset, which contained 10

SSAs, 59 TSAs, 74 tumor tissues, and 65 adjacent normal
tissues (N tissues). As expected, obvious differences
were seen in the four groups (Figure 1a): activated and
resting mast cells, activated and resting dendritic cells,
regulatory T cells (Tregs), macrophages (M1, M2, and
M3), follicular helper T cells, activated memory T CD4
cells, plasma cells, and naive B cells showed statistically
significant differences by K–W analysis (P < 0.05;
Table 1). The proportion of cell infiltration between
SSA and TA and between SSA and N was clearly different
(Figure 1b and c).

3.2 DEG and GO/KEGG analyses of immune-
related genes

After screening overlaps (first, immune-related genes were
screened; then, the differences between pathological and
healthy tissues were analyzed), 1,092 genes were associated
with the immune system. Then, DEG analysis (P-value <0.05
and logFCcutoff = 0.5) between SSA and TSA in the GSE117606
dataset was conducted. DEGs were defined (P < 0.05 and
logFCcutoff = 0.5), and 45 DEGs (34 up- and 11 downregulated
genes) were obtained (Figure 2a). A heatmap shows immune-

Table 2: Ten different algorithms for hub genes that had the highest
scores by CytoHubba

Algorithm Gene1 Gene2 Gene3 Gene4 Gene5

MCC CXCL14 CCL24 CXCL12 CCL19 CXCL11
DMNC CCL2 CXCR4 CXCL12 CCL19 CXCL11
MNC CCL2 CXCL11 CXCR4 CXCL12 CCL19
Degree CXCL11 CCL2 CXCR4 CXCL3 CCL19
EPC CXCL11 CCL2 CXCR4 CCL24 LGR5
BottleNeck CCL11 CCL2 CXCR4 CCL24 CXCL14
EcCentricity CXCL11 CCL2 CXCR4 CXCL14 CXCL12
Closeness CXCL11 CCL2 CXCR4 CXCL14 CXCL12
Radiality CXCL11 CCL2 CXCL14 RETNLB MX2
Betweenness CCL2 CXCL11 RETNLB CXCR4 CXCL14

Figure 3: PPI network for DEGs.
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related genes in SSA and TA (Figure 2b). Figure 2c shows the
PCA analysis between the two groups.

The results of GO/KEGG analysis revealed that the
genes were mainly involved in signaling receptor activator
activity (GO: 0030546), the molecular function receptor
ligand activity (GO: 0048018), cytokine activity (GO:
0005125), cell chemotaxis (GO: 0060326), and biological pro-
cess leukocyte chemotaxis (GO: 0030595) (Figure 2d and e).
No statistical value was noted for CC. KEGG analysis dis-
played that genes are involved in the cytokine-cytokine
receptor interaction, chemokine signaling pathway, and

viral protein interaction with cytokine and cytokine recep-
tors (Figure 2f).

3.3 PPI network for key immune-related
gene selection

A PPI network with 45 DEGs was created to confirm the
protein interaction between the immune-related genes
(Figure 3). Two hub genes, CCL2 and CXCL11, were

Figure 4: Correlation analysis among hub genes and immune-related cells in SSA.
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identified by the intersection of 10 algorithms using Cyto-
Hubba, with the highest score, and sub-cluster scores of
7.714 (Table 2, Figure 3).

3.4 Correlation between selected genes and
immune cells in SSA

We conducted a correlation analysis between selected hub
genes and 22 immune cells in SSA, as shown in Figure 4.
CCL2 showed a strong correlation with plasma cells and a
moderate correlation with M0, M1, and M2 macrophages,
as well as CD8 T and CD4 naive T cells. CXCL11 showed a
strong correlation with follicular helper T cells and M1
macrophages and a moderate correlation with CD8 T cells
and plasma cells (Figure 4). Both hub genes are related to
plasma cells, CD8 T cells, and M1 macrophages.

3.5 Diagnostic value of CCL2 and CXCL11

The diagnostic value of CCL2 and CXCL11 was estimated
using GSE117606, a training dataset.

CCL2 and CXCL11 in SSA had AUC values of 0.7508 and
0.6508, respectively (Figure 5a), which suggests that these
genes have a greater potential for diagnosing SSA. Our con-
clusion was verified using the GSE45270 and GSE117607 data-
sets. The diagnostic values were similar to GSE117606; the
AUC values of CCL2 in the datasets GSE45270 (Figure 5b)
and GSE117607 datasets (Figure 5c) were 0.9286 and 0.7698,
respectively, while the AUC values of CXCL11 in the GSE45270
and GSE117607 datasets were 0.5833 and 0.5864, respectively.
The CCL2 showed a better effect than CXCL11 in distin-
guishing SSA from TA.

3.6 Expression of CCL2 and CXCL11 in SSA
tissues

We randomly selected several clinic samples for IHC ana-
lysis to further confirm the diagnostic model in clinical
practice. SSA lesions displayed a lower expression of
CCL2 than TSA lesions and healthy tissue (all P < 0.05),
but there was no difference between TSA and N controls
(P > 0.05).On the other hand, CXCL11 was decreased in SSA
and healthy tissue but drastically increased in TSA (all

Figure 5: ROC curves of CCL2 (red line) and CXCL11 (blue line) in different
GSE datasets: (a) GSE117606, (b) GSE117607, and (c) GSE45270 datasets.
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P < 0.05) (Figure 6). MCP1’s significant expression (P < 0.05)
was consistent with the analytical data in GSE117606.
According to our findings, CCL2 and CXCL11 were impli-
cated in the pathogenesis of SSA, resulting in a new
approach for SSA molecular diagnosis.

4 Discussion

SSA and TSA are the most common precursors of CRC;
yet, distinguishing between these two subtypes may be
challenging. We investigated a new molecular diagnostic
model that is connected to immune molecules between
SSA and TSA. Significant differences in immune cell infil-
tration, including activated and resting dendritic cells,
activated and resting mast cells, macrophages M1, M2,
and M3, regulatory T cells (Tregs), follicular helper T
cells, plasma cells, activated memory T CD4 cells, and
naive B cells, were observed among SSA, TSA, CRC, and
healthy tissues. Similarly, a recent study [14] found
enhanced cytotoxic activity of T cells and the presence
of some immunosuppressive cells, including regulatory
T cells, anti-inflammatory macrophages, MMP11-
secreting PDGFRA + fibroblasts, and MDK + IgA + plasma
cells, in early-stage serrated lesions compared to healthy
colon tissue. These data suggest that early immune
alterations may be important in the SSA pathway toward
CRC. The discovery of two hub genes, CCL2 and CXCL11,
in this study may distinguish SSA from TSA. CCL2 is a
protein that regulates the recruitment of myeloid cells
into inflamed sites and tumors by stimulating the

chemotaxis of monocytes [15]. In certain pathological
conditions, macrophages/foam cells and smooth muscle
cells often exhibit increased CCL2 expression [15].

Chun et al. [16] found that CCL2 promotes CRC by
enhancing the population and function of polymorphonuc-
lear myeloid-derived suppressor cells. Feng and colleagues
[17] suggested that targeting CCL2 could be an effective
approach to overcome bevacizumab resistance in E26
transformation-specific variant 5 (ETV5+) CRC. Interest-
ingly, in this study, we found increased CCL2 expression
in STA lesions and healthy tissue compared to SSA lesions
(all P < 0.05), which may imply that CCL2 is involved in the
pathogenesis of SSA but not STA.

The recruitment of T cells, natural killer cells, mono-
cytes/macrophages, and monocytes/macrophages at sites of
infection is mediated by the protein-coding gene CXCL11.

This process seems to be regulated through the cog-
nate G-protein coupled receptors CXCL1, CXCR3, and CXCL9
[18]. CXCL11 plays a role in the progression of different
cancers, including head and neck cancer [19] and CRC
[20,21]. CXCL11 was found to be an independent biomarker
for prognosis in patients with colon adenocarcinoma [20].
In this study, we discovered that the expression of CXCL11
was decreased in SSA and healthy tissues but increased in
TSA lesions, which may imply that CXCL11 is involved in
the pathogenesis of TSA but not SSA, but the diagnostic
value of CXCL11 requires further experimental verification.

There are a few limitations in the present study. First,
CIBERSORTx is a valuable tool, but results are inferred esti-
mates based on bulk RNA-seq and require experimental con-
firmation. Our result has not been verified; we will conduct
verification in the subsequent experiments.

Figure 6: Expression of CCL2 (a) and CXCL11 (b) in TSA, normal tissues (N), and SSA. Scale bar: 200×.
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Second, the lack of basic research on SSL/SSA is the
primary reason for the data shortage. Third, the software
detects the immune cells; hence, a practical issue-based
flow cytometric test is essential. Fourth, we verified the
results by IHC; however, the clinical sample size is small,
and data such as age, gender, tumor stage, and comorbid-
ities are missing. In the subsequent research, we will add
correlation analysis.

Therefore, prospective multicenter studies with large
samples and functional verification test are required to
assess the potential clinical application of the approach.

5 Conclusion

The present study provided a novel insight for diagnosing
SSA and TSA, which might address the current diagnostic
challenges for SSA and decline subjective judgment by
the endoscopist and pathologist. CCL2 is highly promising
as a potential diagnostic model for SSA and TSA; the
potential diagnostic value of CXCL11 needs to be further
verified.
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