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Abstract

Most adult males or females suffer from oral and maxillofacial (M-F)
defects. Serious diseases or injuries caused extensive damage to the
oral and maxillofacial region. These types of injuries can destroy cell
structure in hard and soft tissues of jaws, oro-nasal area, eyes, and
facial skeleton. Many studies have been reported on the causative
factors and therapeutic approaches of maxillofacial defects. One of the
important reasons for oral and M-F defects is dysregulation of different
MRNASs in various types of M-F defect. Also, the effect of some
molecules, materials, and proteins on the expression of mRNAs can
result in elevation or inverse inhibition of M-F defects. This chapter
reviews and discusses the expression of some mMRNAs across different|
oral and M-F defects, examines the expression of mMRNAs associated
with oral and M-F after transferring various mesenchymal stem cells,
along with the impact of some materials or molecules on mRNAs
expression, and some available therapeutic approaches in this area.
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Introduction

One of the leading causes of death in people is trauma. Maxillofacial (M-F) defects
are one of the important traumatic injuries and most adult males or females suffer from it [1].
So far, many studies have been carried out on the causes and therapeutic approaches to the
maxillofacial defects. Depending on the origin of these defects, various factors make different
injuries in the maxillofacial defects. Different causes including growth factors, extracellular
matrix molecules, transcription factors, and cytokines can increase angiogenesis and
osteogenesis in bone tissue engineering [2]. Dysregulation of mMRNASs expression has a
critical role in the generation of maxillofacial defects and various studies have been reported
on the effect of mRNA expression in oral and maxillofacial defects. Identifying and
regulating the expression of mRNAs related with oral and maxillofacial defects can be
considered for treatment with novel methods such as miRNAs. Also, some studies have
demonstrated that use of some materials or molecules can affect the expression of mMRNAs
related to oral and M-F bones. The aim of this chapter is to show the impact of mMRNA
expression on maxillofacial injuries and also to examine the effect of some types of stem cell
therapy on different mRNA as associated with oral and M-F bones.

Categories of maxillofacial defects

Serious injuries or diseases cause many damages in the maxillofacial region. The M-
F injuries can destroy the entire structure - hard and soft tissues of oral, oro-nasal area, jaws,
nose, eyes, facial skeleton, and cheeks [3]. Further, M-F defects are aggravated by congenital
malformations, oncologic diseases, and injuries [4]. Considering the location and cause, the
M-F has different categories; in terms of origin, it includes congenital, acquired, surgical, and
traumatic cases. However, in terms of locality, it is classified as intraoral (mandibular, velo-
pharyngeal, maxillary), extra-oral (auricular, ocular, orbital, nasal, lip) and composite defects.
Congenital M-F defects have different etiologies such as drugs, infections, genetic factors,
poor diet, and hormonal imbalance [5]. Surgical resection of some tumors such as salivary
grand tumors, malignant mesenchymal tumors, benign mesenchymal tumors, and epidermoid
carcinoma can lead to most acquired maxillary defects.

Dysregulation of expression of different genes involved in various maxillofacial
defects

Adenoid cystic carcinoma

Cylindroma or Adenoid Cystic Carcinoma (ACC) is a type of maxillary and salivary
gland tumor. ACC can develop in different sites such as the lung, brain, breast, Bartholin
gland, and paranasal sinuses. ACC has some features including highly invasive and slowly
growing [6, 7]. An importance sign of ACC is a lump inside the mouth, under the tongue and
inside the cheek. The Epithelial — to — Mesenchymal Transition (EMT) is a procedure during
which a change in cells occurs from an epithelial phenotype, polarized to non-polarized and
highly motile mesenchymal phenotype [8]. In hepatocellular carcinoma [9], invasive lobular
breast cancer [10], tongue squamous cell carcinoma, and patients with lymph node metastasis
or local recurrence, the expression of TWIST2 and SIP1 increases. SIP1 and TWIST2 are two
representative  EMT regulators. Hypoxia-inducible factors-alpha (HIF-a) are three
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homologues’ subunits including (HIF-1 a, HIF-2 a, HIF-3 o). In these subunits, the HIF-2
expression is correlated with colorectal carcinoma, ovarian cancer, melanoma, and poorer
prognosis in head and neck squamous cell cancer (HNSCC) [11]. The mRNA and protein
levels of SIP1, TWIST2, and HIF-2 o have been significantly higher in ACC cell lines. Also,
the increased expression of HIF-2 a has been correlated with metastasis and invasion in ACC.
This finding proves that hypoxia microenvironment may have a critical role in EMT of ACC
followed by M-F injuries [12]. SOX2 is a transcription factor in the sex-determining genome
and has an essential role in protecting the anti-apoptotic properties of tumor cells [13].
Survivin or baculoviral inhibitor of apoptosis repeat-containing 5 (BIRC5) is a one of the
members of inhibitor apoptosis proteins (IAPs) [14]. By inhibiting the activity of Caspase-7
and Caspase-3 apoptotic effector, the Survivin can increase cell proliferation [15, 16]. Lu O
et al. demonstrated that the expression of SOX2 and survivin increased in ACC patients. So,
it was postulated that the survivin is a downstream regulatory gene of SOX2 and a correlation
between them may elevate the resistance of ACC cancer cells and cause M-F injuries [17].

Mesenchymal stimulation therapy and expression of osteogenesis associated genes in
intraoral MSPCs

Mesenchymal stromal cells (MSCs) have opened new perspectives in regenerative
medicine for tissue engineering. MSCs promote the regeneration of different tissues such as
tendon, cartilage, muscle tissue, and ligament [18, 19]. Dental tissue-derived mesenchymal
stem cell-like population have different types such as stem cells from exfoliated deciduous
teeth (SHED) (Miura,MSC1), post-natal dental pulp stem cells (DPSCs) [20], periodontal
ligament stem cells (PDLSCs), intraoral mesenchymal stromal, progenitor cells (MSPCs),
and stem cells from apical papilla (SCAP) [21]. Dental stem cells are more committed to
odontogenesis, and they have been used for regenerative medicine. The cells isolated from
maxillary and mandibular bone, dental pulp, and periosteum from the oblique line are
described as MSPCs [22]. Different deficiencies in the expression of intraoral MSPCs genes
can cause M-F defects. Studies have revealed that the decrease in osteogenesis related genes
including Alkaline phosphatase (ALPL), bone morphogenetic protein 2 (BMP2), type |
collagen (Col1Al), osteonectin (SPARC), osteocalcin (BGLAP), and osteopontin, can
engender M-F defects [23, 24]. Mechanical stimulations have been used for bone regeneration
through distraction osteogenesis [25, 26]. They also have a critical role in differentiation of
MSPCs via an osteogenic pathway and then, the bone remodeling process is initiated by
sensing mechanical stimulations and osteocytes via turning osteoblasts signal to form bone
matrix [27]. Flexcell FX5K tension system has been used to evaluate the impacts of
mechanical strain on the expression of osteogenesis related transcription factors and
differentiation of osteoblast-like cells. Lohberge et al. [28] demonstrated that flexcell FX5K
tension system therapy can be employed for osteogenic differentiated (OG) human intraoral
MSPCs. After 14 days of mechanical stimulation with FX5K, the expression of osteogenesis
specific markers such as runt-related transcription factor 2 (RUNX2), Col1lA1l, osteopontin
(SPP1), BMP2, and SPARC were enhanced in OG group. However, a significant difference
was observed in the mMRNA expression of BGLAP between OG and control group [28]. So,
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mechanical stimulation can be a regulator of osteogenic differentiation in intraoral MSPs and
consequently in M-F defects [28]. Application of MSCs from the dental site in engineering
approaches for oral and maxillofacial surgery can help reduce the need for an additional
surgical intervention and also reduce morbidity [29]. Other studies have shown that Intraoral
tissue-derived MSCs have an important potential for treatment of soft and hard connective
tissue defects [30]. Periodontal ligaments include collagen-forming stem cells that express
mesenchymal stem cell markers and differentiate into adipocytes, and cementoblast-like cells
when transplanted into a pig periodontitis model or immunocompromised mice. It can
promote periodontal tissue repair by increasing the capacity of generation a
cementum/periodontal ligament-like structure [31]. Human dental pulp stem cells could
differentiate into neural-like and adipocytes cells and have the ability of forming ectopic
dentin and pulp tissue in vivo [32]. In a study, human maxilla-derived bone cells were positive
for CD44, CD13 CD73 and CD90 but negative for CD31 [33]. Payer et al. [34] proved the
potential of maxillary bone-derived cells in adipogenic and osteogenic differentiation by in
vitro experiments. Pekovits et al. [35] used human alveolar bone-derived cells (nABDCs) and
human bone marrow mesenchymal stromal cells (hBMSCs) to elucidate some mRNAs related
osteogenic as well as chondrogenic and adipogenic markers. The mRNA expression of
BGLAP (bone gamma-carboxy glutamate gla protein osteocalcin) increased in both hABDCs
and hBMSCs induced group; also, the mRNAs expression of adipocyte-related gene FABP4
(fatty acid binding protein4), LPL (lipoprotein lipase), and chondrogenic differentiation
marker ACAN (aggrecan) were higher in both hABDCs and hBMSCs group. However,
insignificant difference was observed for SPARC (secreted protein acidic cysteine-rich
osteonectin) mMRNA expression between induced and non-induced group with hBMSCs and
hABDCs [35]. This study can open an important avenue on using various mesenchymal
stromal cells therapy in maxillofacial defects by changing the expression of related mMRNAs.

Effect of the maxillofacial prosthesis on different gene expressions

Maxillofacial prosthesis is used to repair severe tissue, bone loss, and rehabilitation
of facial mutilation in patients [36, 37]. Some studies have proven that the acrylic resin as an
intermediary layer can improve the connection between implants and prosthesis [38, 39].
Acrylic resin is covered with silicone, with the resultant resin/silicon junction being a weak
linkage. So, some studies have used primers and adhesion to improve the resin/silicone
junction [40, 41]. In general, it is necessary to know how to safely use maxillofacial
prosthesis. Rocha Bonatto et al. [42] demonstrated that the mRNA expression of IL-6 in
RDCpS (resin + DC1205 primer + silicone) group was higher than in the control group.
Nonetheless, regarding the mRNA levels of Col IV (collagen type 1V), MMP-9 (matrix
metalloproteinase-9), and TGF-p, there was no significant difference between treatment with
primer and adhesive group and control group [42]. This study may prove the hypothesis that
when the primer is used, an inflammatory process can occur by elevating the I1L-6 level and
subsequently M-F defects.

Dysregulation of inflammatory and anti-inflammatory cytokines related genes
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Chronic rhinosinusitis with nasal polyps (CRSwWNP) is an inflammatory defect in
nasal obstruction, nasal mucosa, and growth of nasal polyps (NP) [43]. The CRSWNP is
categorized in M-F defects. Type 2 cytokines have a major role in NP. Multiple inflammatory
cells inducing neutrophils, eosinophils, innate lymphoid cells (ILC), lymphocytes, and mast
cells are infiltrated in NP [44]. Programmed cell death-1 (PD-1) is a member of the
immunoglobulin superfamily and has a critical role in immune tolerance, cell proliferation,
cytokine production, and anti-inflammatory function of T cell function [45]. PD-1 expression
in CRSxNP disease can promote tissue infiltrating T cells [46]. T lymphocyte activation is
negatively regulated by the interaction between PD-1 and its receptors (PD-L1 and PD-L2)
[47, 48]. In a study, PD-1 mRNA expression was significantly higher in CRSwNP compared
with control nasal tissue. However, the mRNA expressions of the ligands PD-L1 and PD-L2
were remarkably lower in CRSWNP group [49]. TGF-p and IL-10 are the major anti-
inflammatory cytokines and have an essential role in the regulation of the immune cell.
Another study found that the mRNA levels of TGF-f and IL-10 were lower in NP tissue
compared with control nasal tissue group. Reduction of the TGF-B levels in NP leads to a
lower capacity for local induction of Treg [49]. Krohn et al. [49] demonstrated a higher
positive correlation with enhanced PD-1 expression in NP, IL-5 mRNA, and CT scan scores
and degree of sinus opacity.

Oral squamous cell carcinoma

One of the most common malignancies in the world is oral cancer. Some factors and
biomarkers including alcohol, genetic predisposition, tobacco, and betel quid chewing, as
well as use of some biomaterials for healing processes and recovery of the human body during
surgery can be correlated with initiation and development of cancers [50, 51]. Oral squamous
cell carcinoma (OSCC) is one of the predominant fractions of head and neck squamous cell
carcinoma (HNSCC). It is one of the most common disorders in the oral and maxillofacial
region [52]. In addition, HNSCC is the 7™" most common cancer in the world. Understanding
the pathways of oncogenesis and exploiting the molecular profile are necessary for targeted
therapy of some cancers such as OSCC [53, 54]. Platelet-derived growth factor-alpha
(PDGFRA) gene encodes tyrosine kinase receptor for PDGFs. Physiologically, PDGFRA
promotes wound healing and organ development [55]. However, in pathological cases,
PDGFRA activation may induce kinase phosphorylation and increases cancer cell invasion
and growth [56, 57]. Shan Ong et al. [58] showed that the PDGFRA mRNA levels were high
in primary OSCC group, and the risk of regional lymph node metastasis was directly
correlated with the mRNA levels of PDGFRA. This study suggests that use of anti-PDGFRA
drugs can be suggested as targeted therapy for OSCC. In dentistry, application of dental
implants in hard tissue reconstruction can cause oral cancer [59, 60]. Bone morphogenetic
protein-2 (BMP-2) is a useful drug for dental treatment and orthopedic surgery to form bone
graft membranes, solutions, or osteogenesis [61]. In normal cells, BMPs regulate epithelial-
to-mesenchymal transition (EMT) such as cardiac morphogenesis and neural crest migration
[62]. Studies suggested that the overexpression of BMP-2 increased cell invasiveness and
motility in oral squamous carcinoma cells [63]. Up-regulation of BMP-2 by inducing CCL5
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release increased the invasion of OSCC [63]. Kim et al. [63] also demonstrated that use of
CCL5 neutralizing antibodies inhibited the OSCC cell invasion; this result can be a
therapeutic approach for oral cancer and maxillofacial defects. The spread of neurotropic
carcinomatous or perineural invasion (PNI) has an important role in cancer cells expanding
the tissues surrounding the tumor through nerve bundles [64]. PNI is involved in the
movement of neoplastic cells to remote areas from the primary lesion along the nerve tract
[65]. Studies have shown that the possible occurrence of PNI in OSCC ranges from 6% to
30% [66]. Activation of various signaling pathways, involving extracellular matrix adhesion
proteins, trophic factors, and chemotaxis regulation may cause tumor cell invasion towards
nerves and then along the trunk via the perineural space [67, 68]. In OSCC, some molecules
such as neural cell adhesion molecules (N-CAM) [69], Claudinl [70], Claudin4 [71], nerve
growth factor (NGF) [72], snail [73] and activin A [74] have been detected in surgical
specimens of cases showing PNI. The PNl is critical in evaluating the prognosis of OSCC.
Nevertheless, it is not appropriate in the correct planning of surgical management of patients
and PNI may be evaluated only in surgical specimens [75]. Insulin-like growth factor-II
binding protein-3 (IMP3) is one of the members of the IMP family. IMP3 is a necessary
biomarker for numerous malignancies which affects cellular adhesion, proliferation, invasion
of malignant neoplasms [76], and for predicting PNI of gastric cancer [77]. Laminin-5 is one
of the different proteins correlated with PNI and is a valid predictor of the neural spread of
adenoid cystic carcinoma of head and neck [78]. So, the early detection of PNI can help to
modify the treatment especially neck treatment plans [79]. In a study, the mRNA expression
of IMP3, Laminin-5 was enhanced in OSCC preoperative incisional biopsy samples [80].
Also, 84.8% of the IMP3 positive and 67.2% of the laminin-5 positive in preoperative biopsy
demonstrated evidence of PNI in the postoperative surgical specimens [80]. This study proved
a positive association between IMP3 as well as Laminin-5 expression with PNI. Therefore, it
is hypothesized that it may possible to reduce the function of PNI in OSCC patients by
inhibiting the expression of IMP3 and laminin-5. Early diagnosis of OSCC can help to reduce
metastasis of these cancer cells. Some cultured human squamous cell carcinomas generate
cytokeratin 19 (CK19) [81]. It is a component of cytoskeleton proteins whose gene consists
of six introns and six exons [82]. The translation product of this gene is CK19 protein with
400 residues that is a type | cytokeratin [83]. Some studies have reported that the CK19
protein is measurable in the basal layer of normal oral mucosa; however, the presence of
CK19 in OSCC tissue has been reported in invasive carcinoma tissue as well as in all mucosal
layers [84]. Some previous studies have demonstrated various positive rates of CK19. For
example, according to Hamakawa et al. [85], a strongly positive rate of CK19 in OSCC tissue
showed only 24% of tissue. In contrast, Vara et al. [86] reported that only 29% of tongue
squamous cell carcinoma (SCC) tissues were positive for CK19. Zhong et al. [81] proved the
fact that the mRNA expression of CK19 was higher in OSCC tissue. Also, this study indicated
that there is no a significant difference for the CK19 expression between cancerous and para-
cancerous tissues from OSCC patients. However, the correlation between the pathological
differentiation grade and the level of CK19 mRNA in OSCC was significant [81].
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Effect of hemokinin A, sonic hedgehog, intermittent hypoxia, SCPC, and RESV on
maxillofacial bone

Tachykinins act as neuromodulators and neurotransmitters [87]. Tachykinins are a
family including neurokinin A (NKA), Substance P (SP), hemokinin A (HK-1), and
neurokinin B (NKB). The TACL1 gene encodes for SP, the TAC3 and NKA gene encodes for
NKB, and the TAC4 gene encodes for HK-1 [88]. These members of tachykinins bind to G
protein-coupled neurokinin receptors and affect cellular responses. HK-1 and SP are the
preferred ligands of neurokinin receptor 1 (NK-1). HK-1 has important roles in hematopoiesis
by supporting the survival and maturation of pre-B cells [88]. HK-1 is expressed in immune
and inflammatory cells, glial cells, placenta, and human endothelial cells [89]. Previous
studies have suggested that SP encourages the formation and resorption of maxillofacial
bones’ activity via NK1-R [90]. The mRNA expression of TAC4 and NK1-R was detected in
the osteoclast-rich cell population in teeth and maxillofacial bones [91]. Fukuda et al. [91]
demonstrated that total resorption of bone was higher in a group treated with SP than in the
group subjected to HK-1. Also, HK-1 competitively inhibited SP-induced function and
formation of osteoclasts via NK1-R which has high affinity to both SP and HK-1. Hedgehog
(Hh) signaling plays a critical function in the development of vertebrate embryos and
drosophila such as regulation of craniofacial development [92]. There are three Hh ligands
including Indian hedgehog (Ihh), desert hedgehog (Dhh), and sonic hedgehog (Shh) which
bind to the patched-1 (PTCH1) and patched-2 (PTCH2) (transmembrane receptors) [93].
Smoothened (Smo) is a seven-transmembrane protein necessary for Hh signaling [94]. So, it
is implicated in the mediation of Shh signaling in the early mouse embryo and rheostat tin of
graded Shh signals into distinct responses and it begins a series of downstream events that
control the expression of Shh target genes [95]. Shh signaling has a role in cell differentiation
and proliferation in the normal development of maxillofacial [96]. Defect in Shh signaling
can cause a number of congenital defects and human diseases such as polydactyly, basal cell
carcinoma, and holoprosencephaly that is correlated with maxillofacial regions [96]. Du et al.
[97] observed that the mMRNA smo levels were higher on 11 days postcoitum (dpc) in mouse
maxillofacial development. However, on 14.5 dpc, the expression level of smo decreased
considerably. Intermittent hypoxia (IH) in children with obstructive sleep apnea (OSA) cause
morphological changes in the maxillofacial bones [98]. IH exposure induces the impaired of
maxillofacial bones, during growth, increased bone mineral density (BMD) in the intra-
radicular alveolar bone in the mandibular first molar (M1) region and induces reduction in
the volume of the nasal cavity [99]. Hypoxia is necessary for the repair and remodeling of the
damaged bones through hypoxia-inducible factor (HIF). HIF is a critical stimulator of
angiogenesis and vessel formation [100]. Vascular endothelial growth factor (VEGF) is a
popular angiogenic factor, and also is the primary target for HIF-o [101]. Previous studies
have reported that the VEGF and HIF have important roles in the coupling between
osteogenesis and angiogenesis during repair and bone formation of maxillofacial area [102].
Periodontal ligament (PDL) is a specialized soft connective tissue which connects the alveolar
bone socket and tooth, thereby promoting the maintenance and development of periodontium
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[103]. Alkaline phosphatase (ALP) and bone morphogenetic protein-2 (BMP-2) induce
osteogenesis and the osteogenic transformation of PDL cells [104]. The BMP-2 upregulation
and ALP activation could elevate periodontium osteogenesis in PDL cells in response to
growth hormones [105]. PDL tissues via BMP-2 and ALP maintain proper alveolar bone
homeostasis [106]. Oishi et al. [107] examined the mRNAs expression of HIF-a and VEGF
that are osteogenesis-angiogenesis coupling markers and also the mRNAs expression of ALP
and BMP-2. They found that the osteogenic marker was higher in PDL tissues induced with
IH compared with the control. Furthermore, the IH increased BMD in alveolar bone proper,
changing the bone microstructure as well as important risk factors for homeostasis in a
disturbance in alveolar bone proper in growing IH rats. So, it is hypothesized that IH can
induce mMRNA expression of VEGF, HIF-a, ALP, and BMP-2 in the maxillofacial bones in
children with obstructive sleep apnea (OSA). On the other hand, porous scaffolds guide and
support new tissue formation by providing a physical and three-dimensional template. Porous
scaffolds have some advantages including facilitation of cellular vascularization and
colonization, removal of metabolic waste products, and provision of channels for tissue-fluid
circulation [108]. Porous material may act as a bone graft in a load-bearing position in
orthopedic and craniomaxillofacial surgical operations [81]. Adversely, low or high rates of
degradation can cause limitation of porous bioactive materials, although porous tricalcium
phosphate has a capacity to bend to bone [109]. Silica-calcium phosphate nanocomposite
(SCPC) has regeneratively and superior bone restorability than other porous bioactive
materials [110]. Gupta et al. [111] have reported that the expressions of collagen-1 (Col-
I)/glyceraldehyde-3-phosphate  dehydrogenase (GAPDH) mRNA and osteocalcin
MRNA/GAPDH mRNA were higher in the group stimulated with SCPC50. Also, the
expression of osteonectin (OSN)/GAPDH mRNA was higher in the group stimulated with
SCPC30. This study suggests that SCPC can be used to enhance the osteoblast-related gene
expressions in maxillofacial defects. The use of resveratrol (RESV), definitely influenced
bone repair in animals with induced diabetes mellitus. As well, the combination of insulin
therapy plus RESV was necessary for the modulation of BMP-2 gene expression [112]. Long-
term intake of RESV could be a beneficial therapeutic approach in the rehabilitation of
patients with dental implants, by modulation of bone morphogenetic proteins and osteopontin
gene expression [113]. Because of immunomodulatory effects of resveratrol, and its ability
to reduction levels of proinflammatory cytokines, appears to be as an additional element to
improve regenerative progression of alveolar bone [114]. So, RESV could be remarkable in
view of applications in the field of maxillofacial surgery.
Table 1. Variations in mRNAs related to maxillofacial defects or tissues

Direction of MRNAS effect Disease  or Ref.
changes name target

upregulatio SIP1, Increase EMT ACC [12].
n TWIST2

upregulatio HIF-1a Increase metastasis ACC [12].

n and invasion
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upregulatio BIRC5 Inhibits the activity ACC [17].
n of caspase-3 and
Caspase-7
upregulatio SOX2 Anti-apoptotic  of ACC [17].
n cancer cells
upregulatio RUNX2, Induced by FX5K, - Human [28]
n Col1A1, osteoblast cells intraoral
BMP-2, differentiation MSPCs
SPP1
upregulatio FABP4, Induced by - [35].
n LPL, hABDCs, increase
ACAN adipocyte and
osteogenic
Not a SPARC Induced by - [35].
significant hABDCs, increase-
difference adipocyte and
osteogenic
upregulatio IL-6 Induced by acrylic M-F [42]
n resin and increase prosthesis
the  inflammatory group
process
Not a MMP-9, Induced by acrylic M-F [42]
significant Coll 1V, resin prosthesis
difference TGF-B group
upregulatio PDGFRA, Increase- invasive, OSCC [58, 63, 80]
n BMP-2, motility, spreading
IMP3, of tumor cell
Laminin-5
upregulatio CK19 Increases invasive 0SsccC [81]
n of carcinoma tissue
in all mucosal layer
upregulatio Smo Differentiation and Mouse M-F [97]
n proliferation in the development
normal
development of M-f
upregulatio HIF-a, Induced by IH, PDL tissue [107]
n VEGF, increase-
ALP, BMP- osteogenesis  and
2 angiogenesis
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upregulatio Col-1, OSN, Induced by SCPC, M-F bones [111]
n osteocalcin increase osteoblast
in M-F bones

EMT: Epithelial — to — Mesenchymal Transition, SIP1: Smad interacting protein 1,
TWIST2: Twist family BHLH transcription factor2, ACC: adenoid cystic carcinoma, HIF-
la: Hypoxia-inducible factors-alpha, BIRCS5: baculoviral inhibitor of apoptosis repeat-
containing 5, RUNX2: runtrelated transcription factor 2, Col1Al: type | collagen, BMP-2:
bone morphogenetic protein 2, SPP1: osteopontin, MSPCs: mesenchymal stromal and
progenitor cells, FABP4: fatty acid binding protein4, LPL: lipoprotein lipase, ACAN:
aggrecan, hABDCs: human alveolar bone-derived cells, SPARC: secreted protein acidic
cysteine-rich osteonectin, IL-6: interleukin 6, M-F: maxillofacial, MMP-9: matrix
metalloproteinase-9, CK19: cytokeratin 19, OSCC: Oral squamous cell carcinoma, VEGF:
Vascular endothelial growth factor, ALP: alkaline phosphatase, OSN: osteonectin, SCPC:
Silica-calcium phosphate nanocomposite

Conclusions

It has been recognized for several years that variation in the expression profile of
genes occurs in maxillofacial defects. Defects in oral and maxillofacial bones cause different
diseases. Adenoid cystic carcinoma, oral squamous cell carcinoma, and chronic rhinosinusitis
with nasal polyps (CRSwWNP) are some related diseases. As mentioned in ACC disease, the
expression of TWIST2 and SIP1 genes that increase EMT is high. Also, SOX2 mRNA, a
transcription factor in the sex-determining genomes, and Survivin mRNA, an apoptosis
protein, were higher in ACC. Therefore, subsequent studies are required to work on inhibiting
the expression of these genes using miRNAs or different anti-drugs in the treatment of ACC.
In OSCC cells, the expression of some mRNAs related to invasion, spreading, proliferation,
and metastasis was higher. So, it is necessary to make significant advances in the future by
carefully examining the expression of these genes in the diagnosis and treatment of OSCC.
Use of different types of MSCs can affect the expression of some mRNAs related to
osteogenesis and subsequently reduce morbidity or decrease additional surgical intervention
in M-F bones. In the same way, application of some molecules such as Shh, HK-1, and SCPC
can increase osteoblast-related genes expression and total resorption of oral and M-f bones.
RESV as a promoter of osteoblasts’ proliferation and antagonist of osteoclasts’
differentiation, exposed novel perceptions on bone regeneration, in consideration of its future
application in dentistry and maxillofacial surgery. It is possible to take more effective steps
to reconstruct M-F bones by studying the effect of these molecules on the expression of
related mRNAs in a more comprehensive statistical system. Future studies are required for
recognized different molecules which are involved in the regulation of gene expression
pattern associated with maxillofacial (M-F) defects.
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Figure Legend 1:

Upregulation of SIP1 (Smad interacting protein 1) , TWIST2 (Twist Family BHLH
Transcription Factor 2), HIF-a (Hypoxia-inducible factors-alpha), BIRC5 (baculoviral
inhibitor of apoptosis repeat-containing 5), SOX2 (SRY -related HMG-box) in ACC (Adenoid
Cystic Carcinoma )cells, can affect and increase the EMT, metastasis and invasion and inhibi
Caspase 3/7 activity, FX5K (flexcell) induces differentiation of osteoblast cells in MSPCs
(Mesenchymal stromal, progenitor cells) by upregulation of some related genes, hABDCs
(human alveolar bone-derived cells) via increased expression of FABP4 (Fatty Acid Binding
Protein 4), LPL1 (Lipoprotein lipase 1), ACAN (Aggrecan), elevated osteogenesis in M-F
related bones, Acrylic resin in M-F prosthesis upregulated some genes and subsequently
inflammation, OSN, VEGF (vascular endothelial growth factor) and ALP (Alkaline
phosphatase) is expressed by SCPS (Silica-calcium phosphate nanocomposite) and IH
(Intermittent hypoxia) and then increased osteogenesis in M-F bones, dysregulation of IMP3,
BMP-2, Ck19 and PDGFRA cause invasion and proliferation of OSCC (Oral squamous cell
carcinoma).
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Table 1. Variations in mRNAs related to maxillofacial defects or tissues

Direction of
changes

upregulation
upregulation

upregulation

upregulation

upregulation

MRNAS name

SIP1, TWIST2
HIF-1a

BIRCS

SOX2

RUNX2,
Col1A1, BMP-
2, SPP1

effect

Increase EMT

Increase metastasis and
invasion

Inhibits the activity of
caspase-3 and Caspase-
y

Anti-apoptotic of
cancer cells

Induced by FX5K, -
osteoblast cells
differentiation

Disease or target

ACC
ACC

ACC

ACC

Human intraoral

MSPCs

Ref.
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upregulation FABP4, LPL, Induced by hABDC:s, - [35].
ACAN increase adipocyte and
osteogenic
Not a SPARC Induced by hABDC:s, - [35].
significant increase- adipocyte and
difference osteogenic
upregulation IL-6 Induced by acrylic M-F prosthesis [42]
resin and increase the group
inflammatory process
Not a MMP-9, Coll Induced by acrylic M-F prosthesis [42]
significant IV, TGF-B resin group
difference
upregulation PDGFRA, Increase- invasive, OSCC [58, 63, 80]
BMP-2, IMP3,  motility, spreading of
Laminin-5 tumor cell
upregulation CK19 Increases invasive of 0OSsccC [81]
carcinoma tissue in all
mucosal layer
upregulation Smo Differentiation and Mouse M-F [97]
proliferation in the development
normal development of
M-f
upregulation HIF-a, VEGF,  Induced by IH, PDL tissue [107]
ALP, BMP-2 increase- osteogenesis
and angiogenesis
upregulation Col-I, OSN, Induced by SCPC, M-F bones [111]
osteocalcin increase osteoblast in

M-F bones

EMT: Epithelial — to — Mesenchymal Transition, SIP1: Smad interacting protein 1,
TWIST2: Twist family BHLH transcription factor2, ACC: adenoid cystic carcinoma, HIF-
la: Hypoxia-inducible factors-alpha, BIRC5: baculoviral inhibitor of apoptosis repeat-
containing 5, RUNX2: runtrelated transcription factor 2, Col1Al: type I collagen, BMP-2:
bone morphogenetic protein 2, SPP1: osteopontin, MSPCs: mesenchymal stromal and
progenitor cells, FABP4: fatty acid binding protein4, LPL: lipoprotein lipase, ACAN:
aggrecan, hABDCs: human alveolar bone-derived cells, SPARC: secreted protein acidic
cysteine-rich osteonectin, IL-6:
metalloproteinase-9, CK19: cytokeratin 19, OSCC: Oral squamous cell carcinoma, VEGF:
Vascular endothelial growth factor, ALP: alkaline phosphatase, OSN: osteonectin, SCPC:
Silica-calcium phosphate nanocomposite

interleukin 6, M-F: maxillofacial,

MMP-9: matrix



