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Abstract

Background Odontogenic keratocyst (OKC) is a relatively common odontogenic lesion characterized by local
invasion in the maxillary and mandibular bones. In the pathological tissue slices of OKC, immune cell infiltrations are
frequently observed. However, the immune cell profile and the molecular mechanism for immune cell infiltration of
OKC are still unclear. We aimed to explore the immune cell profile of OKC and to explore the potential pathogenesis
for immune cell infiltration in OKC.

Methods The microarray dataset GSE38494 including OKC and oral mucosa (OM) samples were obtained from the
Gene Expression Omnibus (GEO) database. The differentially expressed genes (DEGs) in OKC were analyzed by R
software. The hub genes of OKC were performed by protein-protein interaction (PPI) network. The differential immune
cell infiltration and the potential relationship between immune cell infiltration and the hub genes were performed

by single-sample gene set enrichment analysis (ssGSEA). The expression of COLTAT and COL1A3 were confirmed by
immunofluorescence and immunohistochemistry in 17 OKC and 8 OM samples.

Results We detected a total of 402 differentially expressed genes (DEGs), of which 247 were upregulated and 155
were downregulated. DEGs were mainly involved in collagen-containing extracellular matrix pathways, external
encapsulating structure organization, and extracellular structure organization. We identified ten hub genes, namely
FNT, COLTA1, COL3AT, COL1A2, BGN, POSTN, SPARC, FBN1, COL5A1, and COL5A2. A significant difference was
observed in the abundances of eight types of infiltrating immune cells between the OM and OKC groups. Both
COLTA1 and COL3AT1 exhibited a significant positive correlation with natural killer T cells and memory B cells.
Simultaneously, they demonstrated a significant negative correlation with CD56dim natural killer cells, neutrophils,
immature dendritic cells, and activated dendritic cells. Immunohistochemistry analysis showed that COLTA1
(P=0.0131) and COLTA3 (P<0.001) were significantly elevated in OKC compared with OM.
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Conclusions Our findings provide insights into the pathogenesis of OKC and illuminate the immune
microenvironment within these lesions. The key genes, including COL1AT and COL1A3, may significantly impact the

biological processes associated with OKC.
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Introduction

Odontogenic keratocyst (OKC) is a relatively com-
mon and locally aggressive cystic lesion accounting for
approximately 8—11% of all jaw cyst lesions [1, 2]. High
recurrence rates dependent of various modalities were
reported [3]. Our previous study revealed that high num-
bers of T cells, macrophages, neutrophils and B cells were
found in patients with OKC, as well as low numbers of
dendritic cells (DCs), NK cells and innate lymphoid cells
[4]. Especially in fibroblasts of OKC, various kinds of che-
mokines, including CXCL1, CXCL8, CXCL6, CXCL13
and CXCL2, were highly enriched and activated, which
are vital for immune cell infiltration and angiogenesis
[4]. In addition to cells, non-cellular components, namely
extracellular matrix (ECM), can also influence cell fate
and function via cell-matrix interactions [5]. However,
the accurate mechanism of immune cell infiltration in
OKC has not been fully explored.

The ECM is a complex network of various macromole-
cules surrounding the cells within the body [6]. Collagens
are the main constituents of the ECM comprising around
30% of the whole protein mass [7]. A study has indicated
that all hallmarks of cancer are potentially influenced

by tumor-associated changes to the ECM [8]. In cancer,
remodeling of the ECM induces various biophysical and
biochemical changes affecting cell signaling, ECM stiff-
ness, cell migration and tumor progression [9]. Collagen,
especially collagen type I, was reported to directly or
indirectly regulate the activity of a few types of immune
cells, such as T cells and macrophages [6]. However, the
mechanism by which collagen components influence
immune cell infiltration in OKC tissues has not been fully
elucidated.

The main objective of this study was to investigate the
molecular mechanisms implicated in OKC development,
emphasizing the role of immune cells in its pathogenesis.
To this end, we conducted a comprehensive bioinfor-
matics analysis of differentially expressed genes (DEGs)
sourced from the GSE38494 dataset. The purpose of this
detailed analysis was to pinpoint crucial hub genes and
provide an exhaustive understanding of the immune cell
infiltration patterns characteristic of OKC.

Materials and methods

Study Design

As shown in Fig. 1, we used the array dataset GSE38494
from the Gene Expression Omnibus (GEO) to study
DEGs. A series of bioinformatics analyses, including
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Fig. 1 The flowchart of present study
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DEG screening, functional enrichment analysis, protein-
protein interaction (PPI) analysis for the identification of
hub genes, single sample gene set enrichment analysis
(ssGSEA) for further analysis of immune cell infiltration,
and correlation analysis between the expression levels
of hub genes and the infiltration abundance of immune
cells, were performed. Lastly, the expression of hub genes
and abundance of immune cells were verified by immu-
nohistochemistry and immunofluorescence in tissue
microarray.

Raw Data Collection

GSE38494 [including 12 OKCs (not associated with
nevoid basal cell carcinoma syndrome) and 4 oral mucosa
(OM) samples] annotated by the GPL570 platform, were
downloaded from the GEO database.

Test for correlation and variation of samples

R software (version 4.1.3) was used for the informatics
analysis in this study. To explore the correlation of the
samples in GSE38494, Pearson’s correlation test was per-
formed using the “cor.test” function, and a correlation
heatmap was drawn to visualize correlations between
samples using the “heatmap” package of R. Principal
component analysis (PCA) was used to visualize the vari-
ation and clustering of samples using the “FactoMinerR”
package of R.

Identification of DEGs

The “limma” package was used to normalize and screen
DEGs between OM samples and OKC samples. DEGs
with an adjusted P<0.01 and a |log fold change (FC)| >
2 were considered significant. A heatmap and a volcano
plot were drawn using R to visualize the DEGs.

Enrichment Analysis

The “clusterProfiler” package was used for Gene Ontol-
ogy (GO) [10] term and Kyoto Encyclopedia of Genes
and Genomes (KEGG, www.kegg.jp/kegg/keggl.html)
[11, 12] pathway enrichment analyses employing DEGs
and the p-value cutoff was set to 0.05.

Construction of the PPl Network and Identification of hub
genes

The online Search Tool for the Retrieval of Interact-
ing Genes (STRING, https://www.string-db.org/) data-
base was used to construct the DEG PPI network, with
a PPI score threshold (medium confidence)>0.4. The
cytoHubba plugin in Cytoscape (version 3.8.2, https://
cytoscape.org/) was used to identify hub genes using the
degree method (top 10 genes).
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Single sample gene set Enrichment Analysis of infiltrating
Immune cells

The estimated proportion of 28 immune cell types in all
samples (normal: 4, OKC: 12) of the GSE38494 dataset
were calculated using R package “GSVA” The estimated
proportions of each immune cell type were visualized
using the “ggplot2”. The Pearson’s correlation between the
proportions of various types of immune cells in all the
samples was calculated using the “cor.test” function of R,
as well as the Pearson’s correlation between the immune
cell abundance of the samples and top 10 hub genes.

Immunofluorescence staining

Immunofluorescence (IF) staining were performed as
previously described [13]. In brief, the Sect. (4 um)
were dewaxed, rehydrated, antigenretrieved, blocked,
and incubated with the primary anti-COL1A1 antibody
(1:200; Proteintech, 67288-1-lg) or anti-COL3A1l anti-
body (1:200; GeneTex, GTX102997) at 4°C overnight,
respectively. The secondary antibody (goat anti-rabbit-
IgG-Alexa Fluor 488, Abbkine, A23220) were incubated
at 37 °C for 20 min, respectively. The slides were then
sealed by Antifade Mounting Medium with DAPI (Beyo-
time, P0131).

Immunohistochemistry staining

Immunohistochemistry (IHC) staining were performed
as previously described [13]. Eight OM and seven-
teen OKC samples were used. In brief, the Sect. (4 pm)
were dewaxed, rehydrated, antigenretrieved, blocked,
and incubated with the primary anti-COL1A1 antibody
(1:2500; Proteintech, 67288-1-lg) or anti-COL3A1 anti-
body (1:200; GeneTex, GTX102997) at 4°C overnight.
Subsequently, the secondary antibodies incubation
and DAB staining were performed. The sections were
observed and scanned with the Aperio ScanScope CS
scanner and analyzed by the Aperio Quantification soft-
ware. H-scores (histo-scores) of each slide were calcu-
lated as previously reported [14].

Statistical analysis

R software (version 4.1.3) was used to perform bioin-
formatics analyses. GraphPad Prism software (version
9.3.1) was used to analyze experimental data. Unpaired
Student’s t-test was used to compare the two sets of data.
P<0.05 was considered statistically significant if not par-
ticularly indicated.

Results

Dataset validation

Pearson’s correlation test and PCA were used to validate
the dataset. The correlation heatmap of the GSE38494
dataset showed that there were strong correlations
among samples within the OM group as well as within
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Fig. 2 Validation of the dataset GSE38494 by Pearson’s correlation analysis (A) and PCA (B)
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Fig. 3 Identification of DEGs between oral mucosa (OM) samples and odontogenic keratocyst (OKC) samples. Volcano plot (A) and heatmap (B) showed

the differentially expressed genes of GSE38494.

the OKC group (Fig. 2A). PCA of GSE38494 showed that
the 16 samples in the two groups could be distinguished
and samples within a same group showed a closer dis-
tance. PC1 accounted for 22.3% of the variance and PC2
accounted for 11.1% of the variance (Fig. 2B).

Differential Analysis

The R package “limma” was used for differential analysis
of the screened expression profiles. A total of 402 DEGs
were identified (Supplementary Table 1), among which
247 genes were up-regulated and 155 genes were down-
regulated in OKC group when compared to the OM
group, as presented in volcano plot (Fig. 3A) with top 10
genes indicated and heatmap (Fig. 3B).

Function Enrichment Analysis

The above 402 differential genes were used for enrich-
ment analyses based on GO and KEGG pathways to find
the main functions and related pathways. All GO and
KEGG terms enriched were shown in Supplementary
Tables 2 and Supplementary Table 3. GO terms consist
of three parts: biological process (BP), molecular func-
tions (MF), and cellular components (CC). DEGs linked
to BP were mainly enriched in external encapsulating
structure organization, extracellular matrix organization,
extracellular structure organization, skin development,
and collagen fibril organization. DEGs linked to CC were
significantly enriched in collagen-containing extracel-
lular matrix, endoplasmic reticulum lumen, collagen
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Fig. 5 Interaction network and analysis of the hub genes. PPl network was constructed with the DEGs. The red points represent the upregulation of
the expression of genes. The green points represent downregulated genes. The most significant module was obtained from PPl network with 10 nodes

trimer, complex of collagen trimers, and fibrillar collagen
trimer. DEGs linked to MF mainly focused on extracel-
lular matrix structural constituent, glycosaminoglycan
binding, extracellular matrix structural constituent con-
ferring tensile strength, extracellular matrix binding, and
collagen binding (Fig. 4A). Top 15 pathways enriched
by KEGG were also presented, including protein diges-
tion and absorption, PI3K-Akt signaling pathway, human
papillomavirus infection, proteoglycans in cancers, focal
adhesion, etc. (Fig. 4B).

PPI Network Construction

The differential genes obtained were listed in the
STRING database (https://cn.string-db.org/) to build
the PPI network. Cytoscape was used to calculate the
degree of each node (Supplementary Table 4). The
top 10 genes were considered as the hub genes, includ-
ing FN1, COL1A1, COL3A1, COL1A2, BGN, POSTN,
SPARC, FBN1, COL5A1, and COL5A2 (Fig. 5). Given the
fact that collagen-associated genes showed the predomi-
nance in the network and the enrichment results above

as well, COL1A1 and COL3A1 were chosen for subse-
quent analyses.

Immune Cell Infiltration Analysis

Notably, function enrichment analyses and PPI network
construction identified multiple pathways and molecules
related to ECM components organization. And as pre-
viously mentioned, collagen can be served as mediators
for the regulation of various immune cell types, such as
T cells and macrophages. Therefore, immune cell infil-
tration analysis was conducted between OM group and
OKC group. The estimated proportions of 28 different
immune cell types in each sample were calculated and
shown in Fig. 6A. Of 28 immune cell types, 8 infiltrat-
ing cell types showed significantly different abundances
between OM and OKC groups (Fig. 6B). Immature den-
dritic cells, CD56dim natural killer cells, activated den-
dritic cells, type 17 T helper cells, and neutrophils were
found to show lower abundance in OKC samples. On the
contrary, CD56bright natural killer cells, memory B cells,
and natural killer T cells showed the opposite trend.


https://cn.string-db.org/

Zhong et al. BMC Oral Health (2023) 23:454

M Normal M OKC

A

CenType
B Type 2 T helper cel

m
B Type 17 T heper ce
W Type 1 T haiper cal
R —
W Reguatory T cell
B Prasmacytod dendrtc ool
0 Neutroph
Noturalkllr T cail
Netura ir cel
I Morccyte
o Memory B cel
W mosc
W Mast cet
W Macrophage
W immature cendei cal
W immature Bcel
@ dera T ceb
W Efisctor memeory COB T cal
1 Efiector memeory CDA T call
s ™ ce

memory COB T cel
Contal merry CO4T col
W COS5dim naturl il cal
W COBBbright natural it i
W Activated dandriic ool

W Activated CD8 T call

W Activated CDA T ool

W Activated 8 cot

Estamtea Proporbon

C e 17Thopercen ane

Type 1T helper cell
T follicular helper cell 8% [0 4%
Regulatory T cell -
lasmacytoid dendritic cel o
i

Immature dendritic cell - pe 3 o [ va o 00

Immature B cell . 05
Gamma delta T cell " -0
Eosinophil
Effector memeory CD8 T cell 44 oo B0 oo [0 o2 & v b
ect o o -
o . . <o ] o o

ry CD4 T cel
ry CD8 T cell

ry CD4 T cel

tural killer cell

CDSBbright natural kiler cell
Activated dendritic cell
Activated CD8 T cell
Activated CD4 T cell

Fig. 6 Immune cell infiltration patterns in oral mucosa (OM) samples and
odontogenic keratocyst (OKC) samples. (A) Relative distribution of 28 im-
mune cells in all samples. (B) Boxplot showing the differentially infiltrated
immune cell types between OM group (green) and OKC group (red). ns,
not significant, *P<0.05, **P<0.01. (C) Correlation heatmap of immune
cell types in all samples. Red squares indicate positive correlation and blue
squares indicate negative correlation, with deeper colored squares indi-
cating stronger correlations

Page 6 of 11

Furthermore, correlation analyses of infiltrated
immune cells were conducted, with scores representing
the degree of correlation (Fig. 6C). The correlation heat-
map indicated that effector memory CD8 T cells and
activated CD8 T cells showed the most synergistic effect,
followed by that of type 1 T helper cell and activated B
cell. On the other hand, memory B cells and CD56dim
natural killer cells were mostly correlated in a negatively
regulated manner.

Analysis between hub genes and Immune Infiltration cells
The Pearson’s correlation analysis between the top 10 hub
genes obtained above and the 8 immune cell types show-
ing significantly different abundances was performed
(Fig. 7and Supplementary Fig. 1). COL1A1 displayed
a significant positive correlation with natural killer T
cells (r=0.663, P=0.005) and memory B cells (r=0.561,
P=0.0236), and a significant negative correlation with
CD56dim natural killer cells (r = -0.772, P<0.001), neu-
trophils (r = -0.653, P<0.006), immature dendritic cells
(r = -0.652, P=0.006), and activated dendritic cells (r
= -0.591, P=0.016) (Fig. 7A). COL3A1l was positively
corelated with natural killer T cells (r=0.636, P=0.008),
memory B cells (r=0.607, P=0.013), and negatively cor-
related with CD56dim natural killer cells (r = -0.748,
P<0.001), neutrophils (r = -0.702, P=0.002), immature
dendritic cells (r = -0.699, P=0.003), and activated den-
dritic cells (r =-0.618, P=0.011) (Fig. 7B).

Validation of COL1A1 and COL3A1 expression

IHC staining and IF staining were conducted to assess
the expression and tissue distribution of COL1A1 and
COL3A1. COL1A1 showed an obvious higher distribu-
tion in the stroma, while COL3A1 was mainly expressed
in the epithelium visualized by IF staining (Fig. 8A). Of
note, COL1A1 and COL3A1 expressions were both sig-
nificantly higher in OKC samples than in OM samples
(Fig. 8B-C).

Discussion
Growing studies have focused on the high recurrence of
OKC [3, 15]. Evidence has demonstrated that the expan-
sion of various odontogenic cysts involves degradation of
bone-matrix and cell attachment to extracellular matrix
components [16]. It was reported that the collagen fibers
in OKC were similar to those in odontogenic neoplasms,
which proved the neoplastic behavior of OKC to some
extent [17]. Moreover, a higher density of greenish-yel-
low collagen fibers was found in multilocular OKC than
unilocular OKC, suggesting a strong aggressiveness of
the former lesion [18].

Increasing evidence showed that the development of
OKC was associated with immune cell infiltration [4]. In
fact, immune cell infiltration is not only associated with
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inflammatory jaw cystic lesions such as radicular cyst,
but also involved in the progression of OKC. Immune cell
infiltration can be promoted by a variety of factors, such
as inflammation, mechanical stress, chemokines, and
cytokines. Alteration in the ECM can impact the recruit-
ment of some immune cells, resulting in changes in the
immune microenvironment [19].

PPI analysis screened hub genes that were broadly
associated with other genes. The vast majority of these
crucial genes were related to collagen, such as COL1A1l,
COL1A2, COL3A1, COL5A1, COL5A2, with the rest
(FBN1, POSTN, SPARC, BGN) being components of the
ECM. Theses hub genes may suggest that ECM compo-
nents play a critical role in the development and progres-
sion of OKC. Although collagen has been demonstrated
to affect T cells in tumor microenvironment [20], the role
of COL1A1 and COL3Al in promoting the migration
and activity of immune cells has yet to be explored.

GO enrichment analysis showed that these differen-
tially expressed genes were significantly enriched in the
collagen-related pathways, such as collagen-containing
extracellular matrix, collagen trimer, complex of colla-
gen trimers, fibrillar collagen trimer, and extracellular
matrix structural constituent, which showed an obvious

difference in ECM components between OKC and OM.
Previous studies have suggested that the differential dis-
tribution of the ECM proteins - fibronectin, tenascin,
laminin, and collagen IV - in the cyst wall is responsible
for the aggressive behavior of syndromic OKC [21], and
fibroblasts in the cyst wall may also modulate the aggres-
sive behavior by regulating ECM properties or epithelial-
mesenchymal interactions [22]. These findings suggested
that ECM components played critical roles in the aggres-
sive behavior of OKC.

The above analyses showed the close relationships
between the hub gene expression and immune cell infil-
tration. To further investigate the effect of immune cell
infiltration in OKC, ssGSEA was used to perform a com-
prehensive analysis on OKC immune microenvironment.
The results showed increased infiltration of CD56bright
natural killer cell, memory B cell, and natural killer T cell,
which may contribute to the occurrence and develop-
ment of OKC.

Natural killer (NK) cells are an important component
of innate immunity [23]. Phenotypically, two subsets of
NK cells circulate in humans: CD56bright and CD56dim
NK cells. CD56bright NK cells, also known as “helper”
NK cells, are mainly responsible for the production of
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cytokines. While CD56dim NK cells are largely found
in peripheral blood and directly kill target cells [24]. In
the present study, CD56bright NK cell showed a higher
abundance in OKC than that in OM, which may account
for the high abundance of various kinds of cytokines [25].
The insufficient blood supply of odontogenic keratocyst
tissues may be a factor in the lack of CD56dim NK cells.

Neutrophils, armed with a variety of “weapons” against
pathogens, are a major branch of the innate immune
system and are involved in almost all processes, such
as acute injury and repair, cancer, autoimmunity, and
chronic inflammatory processes [26]. The long-existing
presence of microbial and biofilm-derived chemotac-
tic and pro-inflammatory factors attract neutrophils
from the circulation into the tissues, where they become
activated [27], which could explain the infiltration of
neutrophils in oral cavity. Besides, oral cavity is under
continuous exposure of various mechanical stress from
chewing, which may contribute to the recruitment of
immune cells. However, in OKC lesions, a lower abun-
dance of neutrophils was found possibly due to the closed
cyst environment. Of note, although there are fewer neu-
trophils in OKC tissues than OM, it is reasonable to spec-
ulate that neutrophil infiltration might be higher in OKC
tissues with infections and in OKC patients who have
undergone the decompression surgery.

In the present study, the relationship between the
immune cell types in OKC was investigated. The results
showed that two pairs of immune cells (effector memory
CD8 T cells & activated CD8 T cells, type 1 T helper cell
& activated B cell) had the synergistic effect and that
memory B cell and CD56dim natural killer cell were
mostly correlated in a negatively regulated manner. How-
ever, the correlations between the immune cell types
require further validation.

Collagen Type I Alpha 1 Chain (COL1A1) is the major
component of type I collagen [28]. There were evidence
of the involvement of members of the collagen family
in carcinogenesis in several tissue types [29], and type I
collagen are distributed around bone cells (osteoblasts,
osteoclasts, osteocytes, etc.) as the most abundant
organic component of the bone matrix [30]. Prostate
cancer bone metastasis was previously shown to induce
the destruction of collagen alignment in long bones
[31]. Research suggested that the expression of COL1A1
was significantly associated with the infiltration level of
immune cells, such as CD4+T cells, CD8+T cells, den-
dritic cells and neutrophils in low grade gliomas (LGG)
[32]. In this study, the Pearson’s correlation analysis
showed that COL1A1 displayed a significant positive cor-
relation with NK T cell, central memory CD4 T cell, and
effector memory CD4 T cell, which was consistent with
the result in previous study, that was the positive correla-
tion of T cell and COL1A1 [32]. On the other hand, the

Page 9 of 11

significantly negative correlations of COL1A1 with neu-
trophil and immature dendritic cell were observed, con-
tradicting the previous conclusion [32]. In our study, it
has been shown that COL1A1 was mainly distributed in
stroma region and showed a significantly higher expres-
sion in OKC than in OM.

Collagen Type III Alpha 1 Chain (COL3A1) was found
to be closely related to type I collagen [33]. In glioma,
knockdown of COL3A1 could significantly inhibit the
migration, invasion, and epithelial-mesenchymal tran-
sition (EMT) processes of tumor cells in vitro [34].
Immune cells can intimately interact with stromal cells
and further impact tumor progression, invasion, and
metastasis. A study showed that patients with head and
neck squamous cell carcinoma (HNSCC) with increased
COL3AL levels also had a higher level of resting CD4+T
cells and resting NK cells [35]. The expression of
COL3A1 was associated with the increase of IL-1f in
osteoarthritis and was also linked to immune cell infiltra-
tion [36]. Interleukin- (IL-) 1B, one of the most power-
ful proinflammatory cytokines, is a strong stimulator of
in vitro and in vivo bone resorption via upregulation of
RANKL that stimulates the osteoclastogenesis [37]. Thus,
it is conceivable that COL3A1 may be involved in the
bone absorption and the progression of OKC through the
elevation of IL-1p as well as immune cell infiltration. In
our study, COL3A1 showed the strongest positive corre-
lation with effector memory CD4 T cell, which was simi-
lar to a previous study [38]. In our IHC assay, it was also
validated that the COL3A1 expression in OKC was sig-
nificantly higher than in OM.

The aforementioned discussion highlights the sig-
nificance of collagen genes, including COL1Al and
COL3ALl, in the formation and remodeling of the extra-
cellular matrix. The extracellular matrix, particularly in
the context of tumors, has been linked with immune cell
infiltration [19]. This matrix has the capacity to modify
the behavior of immune cells, as well as regulate their
recruitment and positioning within tissues. Conse-
quently, changes in collagen production could potentially
influence the infiltration and functionality of immune
cells in OKC. We remain cautious about implying direct
causation without further targeted studies, but these
observations open up new avenues for future research.

While this study provides important insights into the
role of collagen and immune cell infiltration in the devel-
opment and progression of OKC, it has several limita-
tions. First, our findings are primarily based on statistical
analysis of existing datasets and require further experi-
mental validation and expanded sequencing datasets
valiadation. The expression levels and role of the identi-
fied hub genes in influencing the immune cell migration
and activity need to be explored with additional in vitro
and in vivo studies. Second, the examination of immune
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cell infiltration was performed using ssGSEA, which pro-
vides an estimation rather than a direct measurement of
immune cell abundance. Future studies employing tech-
niques such as flow cytometry or immunohistochemistry
could provide a more accurate picture of immune cell
infiltration in OKC. Lastly, this study largely focuses on
collagen-associated genes and pathways. However, other
ECM components and molecules involved in cell-matrix
interactions might also play significant roles in OKC’s
development and progression. These elements were not
thoroughly addressed in our study and should be inves-
tigated in future research. These limitations notwith-
standing, our findings shed light on the potential role of
the ECM and immune cell infiltration in the aggressive
behavior of OKC and provide a foundation for future
investigations.

Conclusions

Through bioinformatics, this study identified key hub
genes and pathways integral to OKC development and
distinct immune cell infiltration differences between
OKC and OM samples. The genes COL1A1 and COL3A1l,
validated via IHC and IF assay, showed high expression in
OKC tissues and correlated with immune cell infiltration.
These findings elucidate OKC pathogenesis mechanisms,
suggesting COL1A1 and COL3A1 as potential immune-
related prognostic markers, pending further validation
with larger samples.

Abbreviations

BP biological process

CcC cellular components

COL1AT  Collagen Type I Alpha 1 Chain

COL3AT  Collagen Type lIl Alpha 1 Chain

DCs dendritic cells

DEGs differentially expressed genes

ECM extracellular matrix

EMT epithelial-mesenchymal transition

FC fold change

GEO Gene Expression Omnibus

GO Gene Ontology

H-score histo-score

HNSCC head and neck squamous cell carcinoma

IF immunofluorescence

IHC immunohistochemistry

IL- interleukin-

KEGG Kyoto Encyclopedia of Genes and Genomes
LGG low grade gliomas

MF molecular functions

NK natural killer

OKC odontogenic keratocyst

OM oral mucosa

PCA principal component analysis

PPI protein-protein interaction

sSGSEA single sample gene set enrichment analysis
STRING Search Tool for the Retrieval of Interacting Genes

Supplementary Information
The online version contains supplementary material available at https://doi.
org/10.1186/512903-023-03175-9.

Page 10 of 11

Supplementary Material 1
Supplementary Material 2
Supplementary Material 3
Supplementary Material 4

Supplementary Material 5

Acknowledgements
Not applicable.

Authors’ contributions

QM and BL conceived this study, participated in the design, and critically
revised the manuscript. NZ and SL participated in the design, performed the
analysis, and drafted the manuscript. All authors read and approved the final
manuscript.

Funding

This study was supported by “the National Natural Science Foundation of
China (82001066)" and “the Fundamental Research Funds for the Central
Universities, China (2042020kf0175)"

Data Availability
The dataset (accession number: GSE38494) analyzed in this study can be
found in the Gene Expression Omnibus (https://www.ncbi.nlm.nih.gov/geo).

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Author details

IState Key Laboratory of Oral & Maxillofacial Reconstruction and
Regeneration, Key Laboratory of Oral Biomedicine Ministry of Education,
Hubei Key Laboratory of Stomatology, School & Hospital of Stomatology,
Wuhan University, Wuhan, China

’Department of Oral & Maxillofacial - Head Neck Oncology, School &
Hospital of Stomatology, Wuhan University, Wuhan, China

Received: 26 December 2022 / Accepted: 26 June 2023
Published online: 06 July 2023

References

1. Borrés-Ferreres J, Sdnchez-Torres A, Alberdi-Navarro J, Aguirre-Urizar JM,
Mosqueda-Taylor A, Gay-Escoda C. Therapeutic management of the odonto-
genic keratocyst. An energetic approach with a conservative perspective and
review of the current therapeutic options. J Clin Exp Dent. 2020. https://doi.
org/10.4317/jced.56722.

2. LiT).The odontogenic keratocyst: a cyst, or a cystic neoplasm? J Dent Res.
2011. https://doi.org/10.1177/0022034510379016.

3. Mohanty S, Dabas J, Verma A, Gupta S, Urs AB, Hemavathy S. Surgical
management of the odontogenic keratocyst: a 20-year experience. Int J Oral
Maxillofac Surg. 2021. https://doi.org/10.1016/}.jom.2021.02.015.

4. Man QW, Li RF, Liu JF, Zhao Y, Liu B. Single-cell analysis reveals immune
cellular components in odontogenic keratocysts. Oral Dis. 2022. https://doi.
org/10.1111/0d1.14293.

5. Humphrey JD, Dufresne ER, Schwartz MA. Mechanotransduction and
extracellular matrix homeostasis. Nat Rev Mol Cell Biol. 2014. https://doi.
0rg/10.1038/nrm3896.



http://dx.doi.org/10.1186/s12903-023-03175-9
http://dx.doi.org/10.1186/s12903-023-03175-9
https://www.ncbi.nlm.nih.gov/geo
http://dx.doi.org/10.4317/jced.56722
http://dx.doi.org/10.4317/jced.56722
http://dx.doi.org/10.1177/0022034510379016
http://dx.doi.org/10.1016/j.ijom.2021.02.015
http://dx.doi.org/10.1111/odi.14293
http://dx.doi.org/10.1111/odi.14293
http://dx.doi.org/10.1038/nrm3896
http://dx.doi.org/10.1038/nrm3896

Zhong et al. BMC Oral Health

20.

22.

(2023) 23:454

Rgmer AM, Thorseth ML, Madsen DH. Immune modulatory properties

of collagen in cancer. Front Immunol. 2021. https://doi.org/10.3389/
fimmu.2021.791453.

Frantz C, Stewart KM, Weaver VM. The extracellular matrix at a glance. J Cell
Sci. 2010. https://doi.org/10.1242/jcs.023820.

Pickup MW, Mouw JK, Weaver VM. The extracellular matrix modulates

the hallmarks of cancer. EMBO Rep. 2014. https://doi.org/10.15252/
embr.201439246.

Egeblad M, Rasch MG, Weaver VM. Dynamic interplay between the col-
lagen scaffold and tumor evolution. Curr Opin Cell Biol. 2010. https://doi.
0rg/10.1016/j.ceb.2010.08.015.

Ashburner M, Ball CA, Blake JA, Botstein D, Butler H, Cherry JM, Davis AP,
Dolinski K, Dwight SS, Eppig JT, Harris MA. Gene ontology: tool for the unifi-
cation of biology. Nat Genet. 2000. https://doi.org/10.1038/75556.

Kanehisa M, Goto S. KEGG: kyoto encyclopedia of genes and genomes.
Nucleic Acids Res. 2000. https://doi.org/10.1093/nar/28.1.27.

Kanehisa M. Toward understanding the origin and evolution of cellular
organisms. Protein Sci. 2019. https://doi.org/10.1002/pro.3715.

Man QW, Zhang LZ, Zhao'Y, Liu JY, Zheng YY, Zhao YF, Liu B. Lymphocyte—
derived microparticles stimulate osteoclastogenesis by inducing RANKL

in fibroblasts of odontogenic keratocysts. Oncol Rep. 2018. https://doi.
0rg/10.3892/0r.2018.6708.

Xiong HG, Li H, Xiao Y, Yang QC, Yang LL, Chen L, Bu LL, Zhang WF, Zhang JL,
Sun ZJ. Long noncoding RNA MYOSLID promotes invasion and metastasis by
modulating the partial epithelial-mesenchymal transition program in head
and neck squamous cell carcinoma. J Exp Clin Cancer Res. 2019. https://doi.
0rg/10.1186/513046-019-1254-4.

Kinard B, Hansen G, Newman M, Dennis P. Haeffs T, Perez S, Hamao-Sakamoto
A, Steed M, Hughes P, August M, Abramowicz S. How well do we manage the
odontogenic keratocyst? A multicenter study. Oral Surg Oral Med Oral Pathol
Oral Radiol. 2019. https://doi.org/10.1016/j.0000.2018.12.001.

Teronen O, Hietanen J, Lindgvist C, Salo T, Sorsa T, Eklund KK, Sommerhoff
CP, Ylipaavalniemi P, Konttinen YT. Mast cell-derived tryptase in odontogenic
cysts. J Oral Pathol Med. 1996. https://doi.org/10.1111/}.1600-0714.1996.
tb00282.x.

Hirshberg A, Sherman S, Buchner A, Dayan D. Collagen fibres in the wall of
odontogenic keratocysts: a study with picrosirius red and polarizing micros-
copy. J Oral Pathol Med. 1999. https://doi.org/10.1111/j.1600-0714.1999.
tb02112.x.

Raj Y, Sekhar MS, Shylaja S, Bhavani SN, Ramanand OV, Patha S, Reddy SK, Rani
AS. Evaluation of the nature of collagen fibers in KCOT, dentigerous cyst and
ameloblastoma using picrosirius red stain-A comparative study. J Clin Diagn
Res. 2015. https://doi.org/10.7860/JCDR/2015/14154.6708.

Kaur A, Ecker BL, Douglass SM, Kugel CH 3rd, Webster MR, Almeida FV,
Somasundaram R, Hayden J, Ban E, Ahmadzadeh H, Franco-Barraza J, Shah N,
Mellis IA, Keeney F, Kossenkov A, Tang HY, Yin X, Liu Q, Xu X, Fane M, Brafford
P, Herlyn M, Speicher DW, Wargo JA, Tetzlaff MT, Haydu LE, Raj A, Shenoy V,
Cukierman E, Weeraratna AT. Remodeling of the collagen matrix in aging skin
promotes Melanoma Metastasis and affects Immune Cell Motility. Cancer
Discov. 2019. https://doi.org/10.1158/2159-8290.CD-18-0193.

Sadtler K, Estrellas K, Allen BW, Wolf MT, Fan H, Tam AJ, Patel CH, Luber BS,
Wang H, Wagner KR, Powell JD. Developing a pro-regenerative biomaterial
scaffold microenvironment requires T helper 2 cells. Science. 2016. https://
doi.org/10.1126/science.aad9272.

Amorim RF, Godoy GP, Galvdo HC, Souza LB, Freitas RA. Immunohisto-
chemical assessment of extracellular matrix components in syndrome

and non-syndrome odontogenic keratocysts. Oral Dis. 2004. https://doi.
0rg/10.1111/j.1601-0825.2004.01023 x.

Hong YY, Yu FY, Qu JF, Chen F, Li TJ. Fibroblasts regulate variable aggressive-
ness of syndromic keratocystic and non-syndromic odontogenic tumors. J
Dent Res. 2014. https://doi.org/10.1177/0022034514542108.

23.

24.

25.

26.

27.

28.

29.

30.

31

32,

33.

34.

35.

36.

37.

38.

Page 11 of 11

Yao X, Matosevic S. Chemokine networks modulating natural killer cell
trafficking to solid tumors. Cytokine Growth Factor Rev. 2021. https://doi.
0org/10.1016/j.cytogfr2020.12.003.

Bruno A, Ferlazzo G, Albini A, Noonan DM. A think tank of TINK/TANKSs: tumor-
infiltrating/tumor-associated natural killer cells in tumor progression and
angiogenesis. J Natl Cancer Inst. 2014. https://doi.org/10.1093/jnci/dju200.
Hayashi M, Ohshima T, Ohshima M, Yamaguchi Y, Miyata H, Takeichi O, Ogiso
B, Ito K, Ostman A, Otsuka K. Profiling of radicular cyst and odontogenic kera-
tocyst cytokine production suggests common growth mechanisms. J Endod.
2008. https://doi.org/10.1016/j.joen.2007.08.020.

Liew PX, Kubes P. The neutrophil’s role during health and disease. Physiol Rev.
2019. https://doi.org/10.1152/physrev.00012.2018.

Hirschfeld J. Neutrophil subsets in periodontal health and disease: a mini
review. Front Immunol. 2020. https://doi.org/10.3389/fimmu.2019.03001.

Ma HP, Chang HL, Bamodu OA, Yadav VK, Huang TY, Wu AT, Yeh CT, Tsai

SH, Lee WH. Collagen 1A1 (COL1AT1) is a reliable biomarker and putative
therapeutic target for hepatocellular carcinogenesis and metastasis. Cancers
(Basel). 2019. https://doi.org/10.3390/cancers11060786.

Ramaswamy S, Ross KN, Lander ES, Golub TR. A molecular signature of
metastasis in primary solid tumors. Nat Genet. 2003. https://doi.org/10.1038/
ng1060.

Kolb AD, Bussard KM. The bone extracellular matrix as an ideal milieu for
cancer cell metastases. Cancers (Basel). 2019. https://doi.org/10.3390/
cancers11071020.

Sekita A, Matsugaki A, Nakano T. Disruption of collagen/apatite alignment
impairs bone mechanical function in osteoblastic metastasis induced by
prostate cancer. Bone. 2017. https://doi.org/10.1016/j.bone.2017.01.004.

Ren J, Da J, Hu N. Identification of COL1A1 associated with immune infiltra-
tion in brain lower grade glioma. PLoS ONE. 2022. https://doi.org/10.1371/
journal.pone.0269533.

Kuivaniemi H, Tromp G, Type ll, collagen (COL3A. Gene and protein struc-
ture, tissue distribution, and associated diseases. Gene. 2019;110.1016/j.
gene.2019.05.003.

Yin W, Zhu H,Tan J, Xin Z, Zhou Q, Cao Y, Wu Z, Wang L, Zhao M, Jiang X,

Ren C. Identification of collagen genes related to immune infiltration and
epithelial-mesenchymal transition in glioma. Cancer Cell Int. 2021. https//
doi.org/10.1186/512935-021-01982-0.

ShenY, Li X, Wang D, Zhang L, Li X, Su L, Fan X, Yang X. COL3A1: potential
prognostic predictor for head and neck cancer based on immune-microen-
vironment alternative splicing. Cancer Med. 2022. https://doi.org/10.1002/
cam4.5170.

Li S, Wang H, Zhang Y, Qiao R, Xia P, Kong Z, Zhao H, Yin L. COL3A1 and MMP9
serve as potential diagnostic biomarkers of Osteoarthritis and are Associated
with Immune Cell Infiltration. Front Genet. 2021. https://doi.org/10.3389/
fgene.2021.721258.

Ruscitti P, Cipriani P, Carubbi F, Liakouli V, Zazzeroni F, Di Benedetto

P, Berardicurti O, Alesse E, Giacomelli R. The role of IL-18 in the bone

loss during rheumatic diseases. Mediators Inflamm. 2015. https://doi.
0rg/10.1155/2015/782382.

Meng F, Han X, Min Z, He X, Zhu S. Prognostic signatures associated with high
infiltration of Tregs in bone metastatic prostate cancer. Aging. 2021. https://
doi.org/10.18632/aging.203234.

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


http://dx.doi.org/10.3389/fimmu.2021.791453
http://dx.doi.org/10.3389/fimmu.2021.791453
http://dx.doi.org/10.1242/jcs.023820
http://dx.doi.org/10.15252/embr.201439246
http://dx.doi.org/10.15252/embr.201439246
http://dx.doi.org/10.1016/j.ceb.2010.08.015
http://dx.doi.org/10.1016/j.ceb.2010.08.015
http://dx.doi.org/10.1038/75556
http://dx.doi.org/10.1093/nar/28.1.27
http://dx.doi.org/10.1002/pro.3715
http://dx.doi.org/10.3892/or.2018.6708
http://dx.doi.org/10.3892/or.2018.6708
http://dx.doi.org/10.1186/s13046-019-1254-4
http://dx.doi.org/10.1186/s13046-019-1254-4
http://dx.doi.org/10.1016/j.oooo.2018.12.001
http://dx.doi.org/10.1111/j.1600-0714.1996.tb00282.x
http://dx.doi.org/10.1111/j.1600-0714.1996.tb00282.x
http://dx.doi.org/10.1111/j.1600-0714.1999.tb02112.x
http://dx.doi.org/10.1111/j.1600-0714.1999.tb02112.x
http://dx.doi.org/10.7860/JCDR/2015/14154.6708
http://dx.doi.org/10.1158/2159-8290.CD-18-0193
http://dx.doi.org/10.1126/science.aad9272
http://dx.doi.org/10.1126/science.aad9272
http://dx.doi.org/10.1111/j.1601-0825.2004.01023.x
http://dx.doi.org/10.1111/j.1601-0825.2004.01023.x
http://dx.doi.org/10.1177/0022034514542108
http://dx.doi.org/10.1016/j.cytogfr.2020.12.003
http://dx.doi.org/10.1016/j.cytogfr.2020.12.003
http://dx.doi.org/10.1093/jnci/dju200
http://dx.doi.org/10.1016/j.joen.2007.08.020
http://dx.doi.org/10.1152/physrev.00012.2018
http://dx.doi.org/10.3389/fimmu.2019.03001
http://dx.doi.org/10.3390/cancers11060786
http://dx.doi.org/10.1038/ng1060
http://dx.doi.org/10.1038/ng1060
http://dx.doi.org/10.3390/cancers11071020
http://dx.doi.org/10.3390/cancers11071020
http://dx.doi.org/10.1016/j.bone.2017.01.004
http://dx.doi.org/10.1371/journal.pone.0269533
http://dx.doi.org/10.1371/journal.pone.0269533
http://dx.doi.org/10.1186/s12935-021-01982-0
http://dx.doi.org/10.1186/s12935-021-01982-0
http://dx.doi.org/10.1002/cam4.5170
http://dx.doi.org/10.1002/cam4.5170
http://dx.doi.org/10.3389/fgene.2021.721258
http://dx.doi.org/10.3389/fgene.2021.721258
http://dx.doi.org/10.1155/2015/782382
http://dx.doi.org/10.1155/2015/782382
http://dx.doi.org/10.18632/aging.203234
http://dx.doi.org/10.18632/aging.203234

	﻿Identification of Immune Infiltration in Odontogenic Keratocyst by Integrated Bioinformatics Analysis
	﻿Abstract
	﻿Introduction
	﻿Materials and methods
	﻿Study Design
	﻿Raw Data Collection
	﻿Test for correlation and variation of samples
	﻿Identification of DEGs
	﻿Enrichment Analysis
	﻿Construction of the PPI Network and Identification of hub genes
	﻿Single sample gene set Enrichment Analysis of infiltrating Immune cells
	﻿Immunofluorescence staining
	﻿Immunohistochemistry staining
	﻿Statistical analysis

	﻿Results
	﻿Dataset validation
	﻿Differential Analysis
	﻿Function Enrichment Analysis
	﻿PPI Network Construction
	﻿Immune Cell Infiltration Analysis
	﻿Analysis between hub genes and Immune Infiltration cells
	﻿Validation of COL1A1 and COL3A1 expression

	﻿Discussion
	﻿Conclusions
	﻿References


