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Abstract

Background
Duodenal carcinoma is the third cause of mortality in familial adenomatous polyposis (FAP) patients.
The molecular mechanism by which FAP triggers and regulates duodenal carcinoma development was
seldom studied so far.

Objective
The present study sought to use the bioinformatics approaches to provide novel insights into the
molecular mechanism of FAP developing into duodenal carcinoma.

Methods
Based on GSE111156 dataset, differential expression analysis and weighted gene co-expression network
analysis (WGCNA) were performed to identify differentially expressed genes (DEGs) and key gene
modules, respectively. The functional enrichment analysis was conducted R package “clusterPro�ler” and
biological functions and pathways related to the immune system were further identi�ed.

Results
Between adenoma tissue samples from FAP patients with and without duodenal carcinoma, 13 up-
regulated genes including MIR4747, THBS1, and RNU6_62 and 113 down-regulated genes including
AKR1B10, AGAP9 and AKR1C3 were identi�ed. These DEGs were mainly involved in terpnoid metabolism.
In WGCNA analysis, the blue module associated with duodenal carcinoma in FAP contained 5393 genes
including 11 hub genes and was mainly related to the regulation of neuron projection development. In
tissues from FAP patients with duodenal carcinoma, 32 up-regulated genes including INHBA, COL3A1,
and COL1A1 and 18 down-regulated genes including MT1H, KIAA1324, and HMGCS2 were screened
between adenocarcinoma and normal tissues and were also signi�cantly related to terpnoid metabolism.
Between adenocarcinoma and adenoma tissues, we screened 171 up-regulated genes including
CEACAM5, SLC2A1 and PKMRNU6_62 and 238 downregulated genes including RBP2, GSTA5 and SST,
which were mainly involved in extracellular matrix organization. WGCNA revealed that the darkorange
module associated with adenocarcinoma contained 554 genes including 19 hub genes and was involved
in extracellular matrix organization and focal adhesion. Further identi�cation of immune related
processes showed that leukocyte migration was the process mostly involved in the transition of normal
tissue into adenoma while neutrophil-mediated immunity was the most dysregulated in adenocarcinoma.

Conclusion
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The present study preliminary uncovered the mechanism behind initiation and progression in duodenal
carcinoma in FAP, and provided some scienti�c information for exploring novel therapeutic strategies for
FAP patients with duodenal carcinoma.

Background
As a well-described autosomal dominant inherited syndrome, familial adenomatous polyposis (FAP) is
caused by adenomatous polyposis coli (APC) gene mutation (Kim, Lee, Shim, & Lee, 2014; Perea Garcia et
al., 2019), which has a very high risk of developing gastrointestinal cancer (Half, Bercovich, & Rozen,
2009). FAP is characterized by the formation of hundreds or thousands of adenomas in digestive tract
(Hale et al., 2017), which often causes gastrointestinal bleeding, obstruction and other complications
(Stevanato Filho et al., 2018). As known, if left treated, FAP will inevitably develop into colorectal cancer
(CRC); thus, prophylactic colectomy remains a main strategy for the prevention of CRC in FAP patients
(Lami et al., 2017; Vitellaro et al., 2020). In the past decades, increasing patients underwent prophylactic
colectomy in early times, which substantially decreased the incidence of CRC (Koskenvuo, Ryynänen, &
Lepistö, 2020; Schneider, Schneider, Dalchow, Jakobeit, & Möslein, 2015). Therefore, nowadays, the most
frequent causes of death in FAP patients is mainly attributed to duodenal carcinoma (Schneider et al.,
2015).

Despite most FAP patients exhibit limited duodenal polyposis, the relative risk of developing duodenal
carcinoma of them is over 300 folds higher than that of the general population (Augustin et al., 2020).
There are several managements of duodenal polyposis in preventing malignant transformation, which
included surgical resection (Augustin, Moslim, Tang, & Walsh, 2018) and chemoprevention (Delker et al.,
2018). According to the degrees of organ preservation, there are commonly three operative techniques in
duodenal polyposis therapy, including pancreatoduodenectomy (PD), pancreas-sparing duodenectomy
(PSD) and Segmental duodenal resection (SDR) (Augustin et al., 2018). Several studies con�rmed that
these three operations could obviously increase cancer-free survival time of FAP patients with duodenal
polyposis (Augustin et al., 2020; Augustin et al., 2018). However, such major surgeries are generally
accompanied by a signi�cant risk of morbidity and mortality, rendering decision-making challenging in
clinic (van Heumen et al., 2012). Besides, surgical intervention may not completely eliminate duodenal
polyposis since patients remain at risk for development of new adenoma in the proximal jejunum
(Alderlieste, Bastiaansen, Mathus-Vliegen, Gouma, & Dekker, 2013). In addition, chemoprevention with
ursodeoxycholic acid (ursodiol) (Parc et al., 2012) or cyclooxygenase-2 (COX-2) inhibitors (Phillips et al.,
2002) has exhibited disappointing results, leading to a reliance on endoscopic surveillance. It is required
to explore a novel way to improve the prevention of malignant transformation in FAP patients with
duodenal polyposis.

Multiple recent studies reported that a novel therapy, namely gene therapy, could speci�cally deliver
genetic materials into cells of patients to prevent or treat various diseases, such as hemophilia (George,
2017) and cancers (Ginn, Amaya, Alexander, Edelstein, & Abedi, 2018). Yet, the genetic regulatory
mechanism of how benign polys develop into tumors in FAP patients with duodenal carcinoma has been
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seldom studied. Thus, a comprehensive analysis of understanding the molecular mechanism of
duodenal carcinoma development in FAP patients is of great value.

Bene�t from the rapid development of microarray and high-throughput sequencing technology, increasing
potential biomarkers that contributed to disease progression have been identi�ed (Ni et al., 2018; Zhou,
Tang, Liu, An, & Zhang, 2017). Several large and free public transcriptome databases, including GEO,
TCGA, and CGGA databases, provide valuable gene expression data for the identi�cation of potential
biomarkers that related to diagnosis, prognosis or phenotype, and the construction of genome-wide co-
expression networks, and the study of molecular mechanisms of pathogenesis (Hu et al., 2019; Ji et al.,
2020). The weighted gene co-expression network analysis (WGCNA) is widely used in disease and other
traits and gene association analysis, as it has the capacity of clustering genes with similar expression
patterns and analyzing the relationship between modules and speci�c traits or phenotypes (Langfelder &
Horvath, 2008). In a newly study of cervical intraepithelial neoplasia (CIN), WGCNA was performed to
identify six signi�cant correlation modules and screen 31 candidate hub genes for CIN treatment (Zhang
et al., 2020). Bioinformatics analysis could not only greatly improve the e�ciency of research on
biological functions, but also provide reliable information for exploring molecular mechanisms (J. Li et
al., 2020; Pan et al., 2019).

At present, there are few studies exploring the molecular mechanism by which FAP trigger and regulate
duodenal carcinoma. Hence, the present study sought to use the bioinformatics approaches to provide
novel insights into the molecular mechanism of FAP developing into duodenal carcinoma. In this study,
based on the gene expression pro�le from the GSE111156 dataset, differential expression analysis and
WGCNA were performed to identify differentially expressed genes (DEGs) and key gene modules,
respectively. The functional enrichment analysis was conducted to understand biological functions of
DEGs and key module genes. Afterward, biological functions and pathways related to the immune system
were further screened for providing the scienti�c information of immunotherapy in the context of
duodenal carcinoma following FAP. Our �ndings may contribute to the prevention and therapy of
duodenal carcinoma for FAP patients.

Materials And Methods

Data collection
The gene expression dataset GSE111156 downloaded from GEO database
(https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE111156) was provided by Thiruvengadam et
al. (2019). The dataset was composed of 48 samples, 36 from 12 FAP patients diagnosed with duodenal
carcinoma (cases) and 12 from 12 FAP patients without duodenal carcinoma (controls). The study
design was depicted in Fig. 1.

Differential expression analysis
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The differential expression analysis was performed to identify DEGs from four comparisons by using an
R package “limma” (ME et al., 2015). In this study, the threshold of de�ning DEGs was absolute log2 fold
change (FC) > 0.263 and p value < 0.05. The four comparisons were described in Fig. 1.

Construction of weighted gene co-expressed network
By using the R package “WGCNA” (Langfelder & Horvath, 2008), two co-expression networks were
constructed respectively based on the expression data from case (contains three types of tissues: normal,
adenoma and adenocarcinoma) or adenoma (from two types of FAP patients: case and control). In brief,
the detection of outlier sample was carried out before constructing the adjacency matrix with Pearson’s
correlation coe�cient matrix of all gene pairs. Afterward, when the degree of independence was 0.8, soft
threshold power β was determined to construct a scale-free co-expression network with the adjacency
matrix. Then the adjacency matrix was converted into a Topological Overlap Matrix (TOM). By using a
TOM-based dissimilarity measure, the gene tree dendrogram was averagely linked hierarchically
clustered, and genes with similar expression patterns were classi�ed into the same modules. The
modules with the high similarity of feature genes in the gene cluster dendrogram were merged according
to an abline of 0.25.

Identi�cation of the key modules
By evaluating the potential correlation of genes with different traits, module eigengenes (MEs) could be
utilized to determine the signi�cance of each module. Besides, the correlation between genes and
different clinical traits was de�ned as gene signi�cance (GS), and average GS of all genes in a module
was used to represent module signi�cance (MS). For the studied trait, the module with the highest value
of MS among all modules, which means the most signi�cant correlation with this trait, was de�ned as the
key module. The relationships of modules and traits were shown as a heatmap, and the strength of
correlations was represented by the shades of color.

After identifying the key modules, a co-expression network within the key module was constructed by
genes displaying module membership (MM) ≥ median and GS ≥ median, and visualized by using the
network analyzer Cytoscape v3.7.2 (P et al., 2003). A plug-in of the Cytoscape, MCODE, was used to
identify the hub genes that contained highly interconnected nodes in gene-gene interactional network.

Functional enrichment analysis
In this study, by using R package “clusterPro�ler” (Yu, Wang, Han, & He, 2012), functional enrichment
analysis containing Gene Ontology (GO) enrichment analysis and Kyoto Encyclopedia of Genes and
Genomes (KEGG) pathway analysis were carried out to understand the potential functions of the
identi�ed genes, thereby exploring the potential mechanism of disease development. The p value < 0.5
was set as the cut-off value, the q value as well as adjusted p values were also generated.

Results
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Identi�cation of DEGs in adenoma from case and control
In total, 126 DEGs were identi�ed according to the criteria of absolute log2 FC > 0.263 and p value < 0.05,
which included 13 up-regulated and 113 down-regulated genes (Table 1). The identi�ed DEGs and
corresponding FC as well as p value were presented in supplementary Table S1. The volcano plot
containing all genes and heatmap depicting the top 30 DEGs were shown in Fig. 2A and B, respectively.
After performing functional annotation of these DEGs, the results were recorded in supplementary Table
S2, and the top 8 signi�cant terms of GO and KEGG enrichment were visualized by dot plots (Fig. 2C and
D). As we can see, the DEGs were signi�cantly enriched in terpenoid metabolic process, isoprenoid
metabolic process, and alcohol metabolic process. Besides, these DEGs were mainly involved in the
pathways of chemical carcinogenesis, drug metabolism-cytochrome P450, and retinol metabolism.

Table 1
Results of differential expression analysis

Comparison Adenoma tissues from two
groups of FAP patients

Three types of tissues from

FAP patients with duodenal carcinoma

Case

vs.

control

Adenoma

vs.

normal

Adenocarcinoma

vs.

adenoma

Adenocarcinoma
vs.

normal

Up-
regulated

13 12 32 171

Down-
regulated

113 17 18 238

Total 126 29 50 409

Screening of key modules associated with case or control
As shown in Fig. 3A, no outlier sample was detected after sample clustering. To ensure a scale-free
network, the soft threshold power β was set as 18 (Fig. 3B). Through dynamic tree shearing method, the
initial module was divided, followed by merged the modules based on abline equaled 0.25 (Fig. 3C). A
total of 16 modules were subsequently obtained. Except for the grey module, each module contains a
group of feature genes with high similarity. Then, the correlation between clinical traits and each module
was analyzed, and a heatmap was generated to visualize these relationships (Fig. 3D). Based on the
heatmap, the blue module exhibited the most positive correlation with case (Pearson Cor = 0.62, p = 
0.001), whereas the darkgreen module showed the most positive correlation with control (Pearson Cor = 
0.53, p = 0.007). This means that the genes in these module are most relevant to the initiation of
duodenal carcinoma in FAP patients. Hence, we selected these two modules as the key modules for
further analysis.
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Analysis of genes in the blue module associated with case
The MM vs. GS in the blue module with cor = 0.74 and p < 1e-200was shown in Fig. 4A. A network
containing 101 blue module genes and their multiple interactions were visualized by Cytoscape (Fig. 4B).
Through MCODE, a plug-in of Cytoscape, a total of 11 hub genes were identi�ed, which included RUSC2,
CDH15, ABCA7, ZSWIM4, ADAM8, TERT, RADIL, UNC5A, RAB3IL1, AGAP3 and TP73. The GO and KEGG
pathway enrichment analysis were performed to better understand the biological signi�cance of blue
module genes, and the detailed information was presented in supplementary Table S3. As shown in
Fig. 4C, genes of the blue module were mainly enriched in regulation of neuron projection development,
modulation of chemical synaptic transmission, and regulation of trans-synaptic signaling. For KEGG
pathway enrichment, these genes were signi�cantly associated with neuroactive ligand-receptor
interaction, calcium signaling pathway, and MAPK signaling pathway (Fig. 4D).

Analysis of genes in the darkgreen module associated with
control
As shown in Fig. 5A, the correlation between GS for control and MM in darkgreen module reached 0.71 (p 
= 4.5e-46), suggesting that the speci�c expression of genes in the darkgreen module are closely related to
FAP without duodenal carcinoma. The gene-gene interaction network within the darkgreen module was
shown in Fig. 5B. By using MCODE, we identi�ed a total of 24 hub genes (MEP1B, SLC15A1, MGAM,
CYP3A4, MS4A10, MEP1A, APOB, ABCG2, ALPI, MME, ASAH2, MME_AS1, TMPRSS15, ASAH2C, ADA,
MYO1A, SLC6A19, EPB41L3, PCSK5, CDHR5, DHRS11, ASAH2B, SLC46A1, and CREB3L3). Afterward, the
functional annotation of genes in the darkgreen module revealed that these genes were mainly involved
in fatty acid metabolic process, lipid catabolic process, protein digestion and absorption, fat digestion
and absorption, and chemical carcinogenesis (Fig. 5C and D).

Identi�cation of DEGs between different tissues from case
The results of differential expression analysis were depicted in Table 1, the detailed information of which
was summarized in supplementary Table S1.

In the comparison of adenoma and normal, only 29 DEGs were identi�ed, which included 12 up-regulated
and 17 down-regulated genes (Fig. 6A). The heatmap depicting the top 30 DEGs was shown in Figure
S1A. In order to understand the biological pathways involved, we conducted the functional annotation for
these DEGs. As shown in Fig. 6B, these DEGs were mainly associated with the metabolism of many
terpenoids, such as retinoid metabolic process, diterpenoid metabolic process, terpenoid metabolic
process, as well as isoprenoid metabolic process. The KEGG analysis showed that these DEGs were
mostly involved in vitamin digestion and absorption, folate biosynthesis, and protein digestion and
absorption (Fig. 6C).
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The volcano plot of the DEGs between adenocarcinoma and adenoma was shown in Fig. 6D. Among 50
DEDs, 32 were up-regulated while 18 were down-regulated. The heatmap of the top 30 DEGs was depicted
in Figure S1B. As shown in Fig. 6E and F, these DEGs were mainly enriched in extracellular matrix
organization, extracellular structure organization, protein digestion and absorption, ECM-receptor
interaction, and AGE-RAGE signaling pathway in diabetic complications.

After comparing the gene expression pro�le between adenocarcinoma and normal from case, we
identi�ed a total of 409 DEGs including 171 up-regulated and 238 down-regulated genes (Fig. 6G). The
top 30 DEGs were displayed as a heatmap in Figure S1C. The functional enrichment analysis was also
conducted. As shown in Fig. 6H, these DEGs in GO analysis were related to extracellular matrix
organization, extracellular structure organization, hormone metabolic process, and terpenoid metabolic
process. According to KEGG analysis, we found that these DEGs were signi�cantly enriched in chemical
carcinogenesis, drug metabolism - cytochrome P450, and metabolism of xenobiotics by cytochrome
P450 (Fig. 6I).

Identi�cation of the key module associated with normal,
adenoma, and adenocarcinoma in case
Sample dendrogram and trait heatmap was shown in Fig. 7A, suggesting no outlier within 36 samples.
Figure 7B showed that the lowest power of the scale-free topology �t index on 0.8 was 20. Thus soft
threshold power β was set as 20 for subsequent analysis. As shown in Fig. 7C and D, after merging the
original modules based on abline = 0.25, a total of 15 modules were �nally got. According to the heatmap
of module-trait relationships (Fig. 7E), the “normal” trait was most positively related to the orange module
(Pearson Cor = 0.73, p = 3e-0.7), and the “adenocarcinoma” trait was most positively related to the
drakorange module (Pearson Cor = 0.64, p = 3e-0.5). Thus, the orange and drakorange modules were
considered as the key module of normal and adenocarcinoma, respectively. Besides, we found that no
modules exhibited a signi�cantly positive correlation with the “adenoma” trait. Therefore, the cyan
module, which was most negatively associated with adenoma, was selected as the key module of
adenoma.

Analysis of genes in the orange module associated with
normal
The MM vs. GS in the blue module with cor = 0.74 and p = 1.7e-117 was shown in Fig. 8A. Through
MCODE, we identi�ed a total of 26 hub genes within the orange module, including IGHV3_30, IGKV3D_11,
IGKV1D_37, IGHV3_15, IGHV3_21, IGHJ5, IGHV1_18, IGKV3D_20, IGKV1D_33, IGKV3D_7, IGKV3_11,
IGKV2D_29, IGKV1_9, IGHV1_69, IGKV3D_15, IGKV1_17, IGKV1D_16, IGKV1_27, IGKC, IGKV1D_39,
IGKV1_6, IGKV1_8, IGKV1_5, IGKV1D_42, IGKV1D_27, and IGHV3_48 (Fig. 8B). The GO and KEGG pathway
enrichment analysis were performed to better understand the biological signi�cance of orange module
genes, and the detailed information was listed in supplementary Table S6. As shown in Fig. 8C, genes in
the orange module were mainly enriched in GO terms of small molecule catabolic process, fatty acid
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metabolic process, and lipid catabolic process. The major KEGG pathways were chemical carcinogenesis,
drug metabolism - cytochrome P450, and metabolism of xenobiotics by cytochrome P450 (Fig. 8D).

Analysis of genes in the cyan module associated with
adenoma
As shown in Fig. 9A, the correlation between GS for control and MM in cyan module was 0.24 (p = 2.5e-
08). According to the network that generated by Cytoscape with MCODE, we screened 21 hub genes of
cyan module, which included COL1A2, PDGFRB, GUCY1A3, COL3A1, PXDN, RAB31, BGN, COL4A2,
COL5A2, MMP2, COL1A1, VCAN, ITGA11, AEBP1, FBN1, ANTXR1, ASPN, COL6A3, SPARC, LAMB2, and
CDH11 (Fig. 9B). Functional analysis of the cyan module genes revealed that these genes were mainly
involved in extracellular matrix organization, extracellular structure organization, and ossi�cation
(Fig. 9C). The most representative KEGG pathways are focal adhesion, ECM-receptor interaction, and
PI3K-Akt signaling pathway (Fig. 9D). More detailed information of functional annotation for this module
is represented in supplementary Table S6.

Analysis of genes in the darkorange module associated with
adenocarcinoma
A scatter plot (cor = 0.64 and p = 1.6e-76) of GS for adenocarcinoma vs MM in the darkorange module
was depicted in Fig. 10A. Afterward, a total of 19 hub genes (TSTA3, AKT1, LSM4, ADRBK1, MIR663A,
PRMT1, BSG, SMARCD2, UBA1, DDX39A, RNF126, U2AF2, PSMD3, JUP, PPIF, PPP4C, SLC12A7, RAD23A,
and TMEM259) were identi�ed in the darkorange module (Fig. 10B). Based on the results of GO analysis,
genes in the darkorange module were mainly enriched in regulation of cell morphogenesis, neutrophil
mediated immunity, and extracellular matrix organization (Fig. 10C). Furthermore, these genes were
suggested related to KEGG pathways of focal adhesion, regulation of actin cytoskeleton, and phagosome
(Fig. 10D).

Functional roles of immune genes in different traits
In order to identify the terms directly linked to immune response, we searched the results of GO and KEGG
analyses for the corresponding terms. The detailed information was given in supplementary Table S4 and
S7.

The DEGs identi�ed between case and control might play a potential role in the initiation of FAP
developing into duodenal carcinoma. We found that seven terms were related to immune response in
their functional results, which were mainly associated with the T cell proliferation. Besides, only four
immune related terms were found in the functional annotation of blue module genes associated with
case. For the darkgreen module genes associated with control, the total of immune related terms in their
functional annotation was seven, and these terms were mainly related to neutrophil. These data
suggested that whether FAP developed into duodenal carcinoma was less involved in immune response.
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Performing the analyses between three different tissues from FAP patients with duodenal carcinoma
might provide novel insights into the mechanism of duodenal carcinoma. Hence, we also investigated the
immunological function of genes associated with different comparisons or traits in order to explore the
possibility of immunotherapy for treating FAP with duodenal carcinoma. Notably, the DEGs identi�ed in
three comparisons all mainly related with immunological process of leukocyte migration, suggesting that
this process has crucial signi�cance in the progression of FAP with duodenal carcinoma. Moreover, the
genes associated with normal (orange module genes) and the genes associated with adenoma (cyan
module genes) were also mainly involved in the biological process of leukocyte migration. The genes
associated with adenocarcinoma (darkorange module genes) were mainly enriched in neutrophil
mediated immunity. Furthermore, in KEGG pathway enrichment results, we found that cyan module genes
and the darkorange module genes were both signi�cantly involved in phagosome.

Discussion
According to previous studies, the occurrence of duodenal adenoma for FAP patients is about 90%
(Bülow et al., 2004), and the risk of such patients developing duodenal carcinoma is estimated to be 3–
12% (Pittayanon, Imraporn, Rerknimitr, & Kullavanijaya, 2014). However, the underlying mechanisms
driving duodenal adenoma into carcinoma are not fully understood. Thiruvengadam et al. (2019)
performed transcriptional pro�ling (GSE111156) to reveal the duodenal adenoma-carcinoma sequence
and uncover changes differentiating patients with FAP with and without duodenal carcinoma. Among
DEGs they identi�ed, only the genes that have already been revealed in previous studies of FAP were
chosen for further analyses, which might overlook some important genes or mechanisms. Based on the
same dataset, this study performed bioinformatics analyses (differential expression analysis and
WGCNA) with the gene expression pro�les of FAP patients without duodenal carcinoma and FAP patients
with duodenal carcinoma in order to reveal the mechanism behind duodenal carcinoma initiation in FAP
patients. Meanwhile, the same analyses were conducted to explore genetic markers and pathways related
to the duodenal tissue of normal, adenoma and adenocarcinoma from FAP patients with duodenal
carcinoma, which might provide certain scienti�c information to the gene therapy for FAP with duodenal
carcinoma.

Our study revealed that the DEGs identi�ed from the comparison of case and control were most related to
chemical carcinogenesis pathway and multiple metabolic processes, hinting that the abnormal
metabolism of multiple active substances triggered chemical carcinogenesis pathway, thereby initiating
the development of FAP into duodenal carcinoma. As reported, alcohol metabolism is a major contributor
to the increased risk of certain cancers, such as colorectal carcinoma (Rossi, Jahanzaib Anwar, Usman,
Keshavarzian, & Bishehsari, 2018) and hepatocellular carcinoma (Zahid, Yao, Khan, Raza, & Gou, 2019).
Alcohol metabolism products have been related to an increased level of NADH, which results in histone
modi�cations and changes in gene expression that contribute to in�uence cancer susceptibility (Na &
Lee, 2017). There is not much data published on the role of terpenoids metabolism in carcinogenesis.
Actually, terpenoids are crucial for our bodies to produce many essential compounds, such as vitamin A
and retinol (Pichersky & Raguso, 2018); and the changed level of retinol in serum has been proved to be
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correlated with the progression of several cancers (Maalmi et al., 2018; Rosa et al., 2019). Unlike the
differential expression analysis, WGCNA could screen highly synergistically altered gene sets and further
identify those most relevant to traits of interest. The results of WGCNA provided us with other
information. The genes in the blue module related to FAP case exhibited strong correlation with regulation
of neuron projection development and neuroactive ligand-receptor interaction. Several previous studies
demonstrated that the enteric nervous system plays a critical role in the regulation of intestinal
homeostasis (Le Berre-Scoul et al., 2017; Neunlist et al., 2014). A recent in vivo study conducted by Yuan
et al. (2020) demonstrated that enteric glial plays a critical role in modulating the origin of colorectal
carcinoma. Hence, we speculated that the duodenal carcinoma in FAP patients was probably initiated by
the abnormal metabolism of terpenoids and enteric nervous system. For the genes in the drakgreen
module associated with FAP control, we found that they were enriched in processes and pathways that
are closely related to lipid metabolism, such as fatty acid metabolic process, lipid catabolic process, and
fat digestion and absorption pathway. Many studies have corroborated the association between
malignancies and altered metabolism of lipids (Beloribi-Djefa�ia, Vasseur, & Guillaumond, 2016; Pakiet,
Kobiela, Stepnowski, Sledzinski, & Mika, 2019). As lipids are essential for the proliferation of cancer cells
(Zaytseva et al., 2015), abnormal lipid metabolism in FAP patients may present a warning for
carcinogenesis. Therefore, some biological processes involved in the synthesis and storage of lipid might
be used as targets to prevent FAP developing into duodenal carcinoma.

The analyses of three tissues from FAP case samples indirectly revealed the potential mechanism of
normal-adenoma-adenocarcinoma progression in FAP with duodenal carcinoma. In the differential
expression analysis, only 29 and 50 DEGs were respectively identi�ed in comparisons of normal and
adenoma, adenoma and adenocarcinoma; but there are 409 DEGs in the comparison of normal and
adenocarcinoma. That means, the expression of some genes was changed signi�cantly after two
transitions, and altered expression of such genes was not obvious during each transition. In other words,
differential expression analysis might exclude some important genes whose expression level changes
little, but play a crucial role in the transition. WGCNA can avoid this issue. Hence, we combined the results
of the two analyses and found that the malignant transformation in FAP patient with duodenal
carcinoma might be involved in the following processes. Initially, the abnormal metabolism of lipid and
terpenoids break the homeostasis of duodenum, rendering to the development of adenoma. Afterward,
abnormal extracellular matrix (ECM) dynamics play a critical role in the transition of adenoma into
adenocarcinoma. ECM is known as a major structural component of the tumor microenvironment
(Walker, Mojares, & Del Río Hernández, 2018). ECM receptor interaction stimulates focal adhesion, in turn
to the regulation of the PI3K-Akt signaling pathway (Aboubakar Nana et al., 2019). Notably, our results
suggested that adenoma-adenocarcinoma sequence was also closely related to ossi�cation. A previous
study reported that tumor-derived ECM is biochemically distinct in its composition and is stiffer
compared to normal ECM (Nallanthighal, Heiserman, & Cheon, 2019). Finally, in the adenocarcinoma, the
ECM dynamic is still aberrant, and the other biological processes and pathways that might contribute to
cancer progression have been further triggered, which included regulation of cell morphogenesis,
neutrophil mediated immunity, and HIF-1 signaling pathway. Hypoxia is a hallmark of the tumor



Page 12/29

microenvironment (TME) in most solid tumors, which could trigger HIF-1 signaling pathway, thereby
promoting a more aggressive and metastatic phenotype (Huang, Lin, & Taniguchi, 2017). Numerous
studies revealed that HIF-1 signaling pathway is closely related to malignant progression of several
cancers, including cancer metastasis, invasiveness, and resistance to treatment (Huang et al., 2017;
Rankin & Giaccia, 2016). Thus, targeting this pathway could be represented a promising strategy for
inhibiting the progression of duodenal carcinoma and improving patients outcome. In the process of
tumor development, in addition to hypoxia, multiple complex changes take place in the TME, including
the immune response and in�ltration of various immune cells (Bindea et al., 2013), especially neutrophils
(Uribe-Querol & Rosales, 2015). Emerging evidence demonstrated that neutrophils expand both in the
tumor microenvironment and systemically, and trigger the proliferation and metastasis of tumor cells,
leading to a poor prognosis of patients with solid tumor (Coffelt, Wellenstein, & de Visser, 2016; Cools-
Lartigue et al., 2013; S. Li et al., 2019). We also found that neutrophils might play a facilitative role in the
progression of duodenal carcinoma in FAP patients, suggesting the potential of neutrophils as clinical
biomarkers and therapeutic targets.

To date, immunotherapy is recognized as a promising avenue in the treatment of cancer, but its e�cacy
depends on the understanding of mechanism behind immune response during cancer development.
Making use of the results acquired in this study, we found that the transition of “normal-adenoma” was
mainly related to the immune response of leukocyte migration. It is already known that leukocyte
migration plays a key role in the systemic distribution of immune cells (David & Kubes, 2019).
Phagosome formation is a critical factor for cancer initiation (Wang et al., 2020), which corroborated with
our �nding that the phagosome pathway was activated during the transition of “adenoma-
adenocarcinoma” in FAP patients with duodenal carcinoma. Moreover, the process of neutrophil mediated
immunity exhibited a signi�cant correlation with adenocarcinoma in this study. These data prompted that
the processes of leukocyte migration and phagosome could be used as a therapeutic target of
immunotherapy for FAP patients with duodenal carcinoma; and neutrophil suppression may improve the
therapeutic effect of immunotherapy.

Collectively, the present study exploited the patho-mechanism of FAP with duodenal carcinoma and
provides a novel insight into immunotherapy in this disease. There are some limitations in this study.
First, the sample size was relatively small. Before the end of this study, only one dataset that contained
normal samples, adenoma samples and adenocarcinoma samples from FAP patient with duodenal
carcinoma was found. Besides, our �nding is a preliminary step to reveal underlying mechanism for the
development of FAP with duodenal carcinoma; further experimental veri�cation should be conducted to
obtain a solid result.

Conclusion
The current study revealed that terpenoids and lipid metabolism might play a critical role in the initiation
of duodenal carcinoma in FAP patients. Our study also found that ECM related processes were a main
contributor for driving the progression of duodenal carcinoma in FAP. The results of this research help us
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better understand the development of duodenal carcinoma in FAP, and provide some scienti�c
information for exploring novel therapeutic strategies for FAP patients with duodenal carcinoma.
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Figures

Figure 1
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The design of this study.

Figure 2

The differential expression analysis for adenoma tissue samples between FAP with and without
duodenal carcinoma (case and control). (A) Volcano plot. (B) Heatmap depicted the top 30 DEGs. Dot
plots of (C) GO and (D) KEGG enrichment.
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Figure 3

Weighted gene co-expression network analysis based on adenoma samples from case and control. (A)
Sample dendrogram and trait heatmap. (B) Scale independence and mean connectivity of various soft-
thresholding values (β), β = 18. (C) Dendrogram of all �ltered genes enriched according to a dissimilarity
measure (1- TOM) and the cluster module colors. (D) Heatmap of the correlation between the clinical
traits and MEs of FAP. The darker the module color, the more signi�cant their relationship.



Page 22/29

Figure 4

Analysis of the blue module associated with case. (A) The scatter plot between the blue module
membership and the gene signi�cance for case. (B) The gene-gene network containing 3 hub genes,
suggesting the hub genes exhibited high connectivity with other genes. (C) GO and (D) KEGG enrichment
results of genes in the blue module.
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Figure 5

Analysis of the darkgreen module associated with control. (A) The scatter plot between the darkgreen
module membership and the gene signi�cance for control. (B) The gene-gene network containing 24 hub
genes, suggesting the hub genes exhibited high connectivity with other genes. (C) GO and (D) KEGG
enrichment results of genes in the blue module.
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Figure 6

The differential expression analysis for different tissue samples (normal, adenoma, and
adenocarcinoma) from FAP with duodenal carcinoma. (A) Volcano plot, (B) GO, and (C) KEGG enrichment
dot plots of DEGs identi�ed between normal and adenoma. (D) Volcano plot, (E) GO, and (F) KEGG
enrichment dot plots of DEGs identi�ed between adenocarcinoma and adenoma. (G) Volcano plot, (H)
GO, and (I) KEGG enrichment dot plots of DEGs identi�ed between adenocarcinoma and normal.
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Figure 7

Weighted gene co-expression network analysis based on normal, adenoma, and adenocarcinoma
samples from case. (A) Sample dendrogram and trait heatmap. (B) Scale independence and mean
connectivity of various soft-thresholding values (β), β = 20. (C) Dendrogram of consensus module
eigengenes. The eigengenes groups were merged according to merging threshold (the red line) due to
their similarity. (D) The cluster dendrogram of genes. (E) Heatmap of the correlation between the clinical
traits and MEs of case. The darker the module color, the more signi�cant their relationship.
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Figure 8

Analysis of the orange module associated with normal. (A) The scatter plot between the orange module
membership and the gene signi�cance for normal. (B) The gene-gene network containing 26 hub genes,
suggesting the hub genes exhibited high connectivity with other genes. (C) GO and (D) KEGG enrichment
results of genes in the orange module.
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Figure 9

Analysis of the cyan module associated with adenoma. (A) The scatter plot between the blue module
membership and the gene signi�cance for adenoma. (B) The gene-gene network containing 21 hub
genes, suggesting the hub genes exhibited high connectivity with other genes. (C) GO and (D) KEGG
enrichment results of genes in the cyan module.
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Figure 10

Analysis of the darkorange module associated with adenocarcinoma. (A) The scatter plot between the
darkorange module membership and the gene signi�cance for adenocarcinoma. (B) The gene-gene
network containing 19 hub genes, suggesting the hub genes exhibited high connectivity with other genes.
(C) GO and (D) KEGG enrichment results of genes in the darkorange module.
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