in vivo 31: 51-54 (2017)
doi:10.21873/invivo.11024

Gene Expression Analysis of Cultured Rat-Endothelial Cells after
Nd:YAG Laser Irradiation by Affymetrix GeneChip Array
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Abstract. Endothelial cells and dental pulp cells enhance
osteo-/odontogenic and angiogenic differentiation. In our
previous study, rat pulp cells migrated to Nd:YAG laserirradiated endothelial cells in an insert cell culture system.
The purpose of this study was to examine the possible
changes in the gene expression of cultured rat aortic
endothelial cells after Nd:YAG laser irradiation using
affymetrix GeneChip Array. Total RNA was extracted from
the cells at 5 h after laser irradiation. Gene expressions were
evaluated by DNA array chip. Up-regulated genes were
related to cell migration and cell structure (membrane
stretch, actin regulation and junctional complexes),
neurotransmission and inflammation. Heat-shock 70 kDa
protein (Hsp70) was related to the development of tooth
germ. This study offers candidate genes for understanding
the relationship between the laser-stimulated endothelial
cells and dental pulp cells.

Dental pulp is a microcirculatory system that lacks true
arteries and veins. The pulpal microcirculation is a dynamic
system that regulates blood flow in response to nearby
metabolic events, including dentinogenesis (1). Pulp
irritation following dental procedures such as cavity
preparation results in the enlargement of blood vessels in
dental pulp. Perivascular stem cells proliferate in response
to such irritations which are strong enough to cause
odontoblast injury (2). For instance, caries induces the
release of dentin matrix components that contribute to
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angiogenic events that support pulp regeneration (3). The
response of stimulated blood vessels contributes to the
initiation of dentinogenesis. Mathieu et al. reported that pulp
cells migrate to injured endothelial cells if endothelial cells
are damaged (4). Endothelial injury in the pulp is involved
in the recruitment of odontoblast-like cells to the damaged
site, and it is reported that perivascular stem cells can
proliferate in response to odontoblast injury (2). We used a
Nd:YAG laser as artificial stimulus of endothelial cells and
confirmed that pulp cells indeed migrate to laser-irradiated
endothelial cells. The migrating pulp cells expressed
transforming growth factor β1 (TGFβ1) (5). Without laser
irradiation, few migrating pulp cells were observed, and the
expression of mRNA for TGFβ1 was weak.
Thus, the objective of this study was to examine the gene
expression of cultured rat endothelial cells after Nd:YAG
laser irradiation by Affymetrix GeneChip Array.

Materials and Methods

Materials. Rat aortic endothelial cells (Cell Applications, Inc., San
Diego, CA, USA) were cultured in rat endothelial cell growth
medium with growth supplements (Cell Applications, Inc.). A pulsed
Nd:YAG laser apparatus [d-Lase 300; wavelength of 1.064 μm, a
flexible fiber delivery system (∅=0.32 mm) ] was purchased from
American Dental Laser, Birmingham, MI, USA.

Laser irradiation. Near-confluent endothelial cells in 6-well plates
were placed at 3 mm distance from the tip of the Nd:YAG laser and
exposed to laser irradiation (focused beam at a 100 mJ pulse energy
and 0.5 W output power with 5 pulses/s for 30 s) five times per
well, according to our previous article (5). This power output was
determined as the optimal value for induction of odontoblast-like
cell differentiation in the pulp cells which interact with endothelial
cells (6). Control cells were not exposed to laser irradiation.

Evaluation of gene expression by DNA array chip. Total RNA was
extracted from the cells at 5 hours after laser irradiation using an
RNaid kit (BIO 101, Inc., La Jolla, CA, USA). Total RNA (1 μg)
was converted to cDNA using reverse transcriptase (High Capacity
RNA-to-cDNA Master Mix; Applied Biosystems Inc., Tokyo,
Japan).
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Table I. Genes up-regulated by more than 4-fold.
Gene name

Potassium channel, subfamily K
Desmocolin 2
Cysteinyl-tRNA synthetase 2
Similar to RIKEN cDNA 2300002M23
Synaptotagmin XVI
Tumor necrosis factor (ligand) superfamily, member 9
WNK lysine deficient protein kinase 2
Cell adhesion molecule with homology to L1CAM
Hypothetical protein LOC100362769
Phosphatidylinositol-specific phospholipase C
Chemokine (C-C motif) ligand 2
Paired box 1
BCL2/adenovirus E1B interacting protein 1
Uncharacterized LOC100912649
Persephin
Zinc finger protein 280D
Heat-shock 70 kDa protein 1A
Serpin peptidase inhibitor, clade E
Amphiphysin
Testin

Gene symbol

Kcnk10
Dsc2
Cars2
RGD1562885
Syt16
Tnfsf9
Wnk2
Chl1
LOC100362769
Plcxd2
Ccl2
Pax1
Bnip1
LOC100912649
Pspn
Zfp280d
Hspa1a
Serpine1
Amph
Testin

Biotinylated cRNA was synthesized by GeneChip 3’IVT Express Kit
(Affymetrix) from 250 ng total RNA according to the manufacturer’s
instructions. Biotinylated cRNA yields were checked with a NanoDrop
ND-2000 spectrophotometer (Thermo Fisher Scientific K.K.,
Yokohama, Kanagawa, Japan). Following fragmentation, 10 μg of
cRNA were hybridized for 16 h at 45˚C on GeneChip Human Genome
U133 Plus 2.0 Array. Arrays were washed and stained in a GeneChip
Fluidics Station 450 (Affymetrix). Arrays were scanned using GeneChip
Scanner 3000 7G. Single array analysis was carried out by Microarray
Suite version 5.0 (MAS5.0) (7) with Affymetrix default setting and
global scaling as normalization method. The trimmed mean target
intensity of each array was arbitrarily set to 500.

Results

Table I shows the genes which were up-regulated by more than
4-fold compared to the control. Potassium channel, subfamily
K, member 10 (Kcnk10) gene was up-regulated by more than
32-fold. Desmocollin 2 and synaptotagmin XVI were upregulated by more than 16-fold. Wnk lysine-deficient protein
kinase 2 and tumor necrosis factor superfamily were upregulated by more than 8-fold. Heat-shock 70 kDa protein 1A
gene, chemokine (C-C motif) ligand 2 (Ccl2), amphiphysin,
persephin, zinc finger protein 280D, testin, phosphatidylinositolspecific phospholipase C, and cell adhesion molecule with
homology to L1CAM were up-regulated more than 4-fold. A
total of 151 genes were up-regulated by more than two-fold.
These included matrix metalloprotease 2 (Mmp2), chemokine
(C-X-C motif) ligand 1 (Cxcl1), Cxcl2, Cxcl12, Cxcl16, Cx3cl1,
Ccl7, interleukin 1 receptor-like 1 (Il1rl1), Il22ra2 and heatshock 105/110 protein 1.
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Log2 ratio
5.08
4.84
4.64
4.25
4.17
3.97
3.35
3.17
2.78
2.48
2.44
2.31
2.28
2.25
2.25
2.17
2.13
2.06
2.05
2.03

ID

AF196965
BI279663
BI288738
BI278404
AW527298
BF394106
AA799789
BF524215
AF411318
AI764706
NM_031971
NM_031530
BI294574
AI46096
AI071984
NM_013014
BF398860
AI500951
NM_022217
U16858

Table II shows the matched pathways associated with
genes dysregulated by more than 4-fold. In the pathway of
the cytokine–cytokine receptor interaction, expression of 13
genes was changed. Expression of six genes encoding
chemokines were increased (Cxcl2, Cxcl12, Cxcl16, Cx3Cl1,
Ccl2 and Ccl7), that of four genes of the platelet-derived
growth factor (PDGF) family were increased and two of the
tumor necrosis factor (TNF) family were increased
(Tnfrsf11b, Tnfsf9), while that of Tnfs4 was reduced by laser
irradiation. In chemokine signaling pathway, expression of
phosphatidylinositol-4, 5-bisphosphate 3-kinase (Pik3)related genes was reduced. In pathways of cancer, the
expression of vascular endothelial growth factor (VEGF) and
matrix metalloproteinases (MMPs), which are related to
angiogenesis, was increased. In the TNF signaling pathway,
expression of genes related to leukocyte recruitment was
increased. In cell adhesion molecule and oxytocin signaling
pathways, expression of all genes (4 and 37 genes,
respectively) decreased due to laser irradiation. In the
estrogen signaling pathway, expression of Hsp70 and MMP
genes increased and that of Pikc3 and calmodulin 1 (Calm1)
was reduced by laser irradiation.

Discussion

The pulp houses a number of tissue elements, including
axons, vascular tissue, connective tissue fibers, ground
substance, interstitial fluid, odontoblasts, fibroblasts,
immunocompetent cells, and other cellular components.
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Table II. Matched pathways that contained 4 or more genes whose
expression was up- or down-regulated by laser irradiation by more than
two-fold compared to the control.
Pathway

Cytokine-cytokine receptor interaction
PI3K-AKT signaling pathway
Chemokine signaling pathway
Ras signaling pathway
Pathways in cancer
RAP1 signaling pathway
TNF signaling pathway
Transcriptional misregulation in cancer
Adrenergic signaling in cardiomyocytes
Salmonella infection
Cell adhesion molecules
Focal adhesion
Estorogen signaling pathway
Leukocyte transendothelial migration
Gastric acid secretion
Oxytocin signaling pathway
cAMP signaling pathway
Circadian entrainment

Count*
13
10
9
8
7
7
6
6
5
5
4
4
4
4
4
4
4
4

*Number of genes related to the pathway whose expression was altered
by laser irradiation. P13K: Phosphatidylinositol 3'-kinase; AKT: protein
kinase B; TNF: tumor necrosis factor.

These components respond dynamically to various stimuli
(8). The pulp cells and vascular system are closely related
with each other upon stimulation. Stem cells are known to
occupy a perivascular niche and therefore interact with
endothelial cells (9). As a stimuli, endothelial cells were
irradiated with a Nd:YAG laser and pulp cells migrated
toward the endothelial cells (5). After analysis of these data,
we supposed that after irradiation, genes for chemokines are
expressed dominantly in the endothelial cells. Among genes
for chemokines, only Ccl2 was significantly expressed in this
study. Nevertheless, remarkably we found that up-regulated
genes were related to the form of cell structure in this study.
(membrane stretch, actin regulation and junctional
complexes), neuron and inflammation. In more detail, the
most highly up-regulated gene (32-fold) was potassium
channel subfamily K, member10 (Kcnk10). Trek2 is a wellknown as potassium channel subunit which is activated by
membrane stretch or acidic pH. At 240 mm Hg pressure,
channel activity increased 10-fold above the basal level. In
cell-attached patches, a basal level of channel activity was
usually present under normal atmospheric pressure. It
belongs to the class of mechanosensitive proteins (10). The
pulp has limits to expansion. The total volume within the
pulp chamber cannot be increased significantly. Then,
inflammatory reactions result in an increase in tissue
pressure. Therefore, we suppose that Kcnk10 expression is

up-regulated in actual inflammatory response in vivo.
Desmocollin 2 was up-regulated by more than 20-fold.
Desmocollins, along with desmogleins, are cadherin-like
transmembrane glycoproteins that are major components of
the desmosome, which are cell–cell junctions that help resist
shearing forces and are found in high concentrations in cells
subjected to mechanical stress. The function of
synaptotagmin XVI has not been explained.
Tnfsf9 was up-regulated almost 16-fold. It is a ligand of
the TNF superfamily. TNF-α was an inflammatory
mediators. Phosphatidylinositol-specific phospholipase C, X
domain-containing 2 (Plcxd2) is related to the hormone
regulated intracellular signaling systems (11). Ccl2 is the
chemokine, which was expressed by the unstimulated
odontoblasts. The genes for CCL2, CXCL12 and CXCL14
are known to code for factors chemotactic for immature
dendritic cells (12). Persephin is a glial cell line-derived
neurotrophic factor (GDNF) family ligand (13). Hsp70 gene
was expressed immediately after CO2 laser irradiation in the
pulp horn (14). Its expression is also increased when cells
are exposed to elevated temperatures or stresses, vascular
endothelial growth factor (VEGF) and nestin, which is an
intermediate filament protein most related to neurofilaments
of stem cells. HSP-70 was mostly expressed in enamel (15).
Expression of this protein was induced by diode laser
irradiation on choroide-retinal endothelial cells (16) and
induced by thermal, ischemic and oxidative stress. Its
hyperexpression might modulate apoptosis in choroidoretinal
tissues (17). Serpin peptidase inhibitor clade E gene encodes
plasminogen activator inhibitor type 1, which is the major
physiological inhibitor of tissue-type and urokinase-type
plasminogen activators and plays a role in obesity and
insulin resistance in women but not in men (18).
Amphiphysin 1, an endocytic adaptor concentrated at
synapses that couples clathrin-mediated endocytosis to
dynamin-dependent fission, was also shown to have a
regulatory role in actin dynamics. Actin regulation is a key
function of amphiphysin 1 and that such function cooperates
with the endocytic adaptor role and membrane
shaping/curvature sensing properties of the protein during the
endocytic reaction (19). Testin is a component of cell
junctions whose mRNA is predominantly expressed in the
gonads (20). The expression of testin is correlated with rapid
tissue remodeling in the gonads during germ cell and follicle
development. Ccl2, persephin, Hsp70, Serpin peptidase
inhibitor clade E gene, amphiphysin 1 and testin were
expressed by more than 4-fold..
The present study demonstrated that expression of
chemokine Ccl2 was increased by more than 4-fold by
Nd:YAG laser irradiation. Cxcl1, Cxcl2, Cxcl12, Cxcl16,
Cx3cl1 and Ccl7 were expressed more than two-fold.
Alvarado reported the data of the Affimetrix cytokine gene
expression after argon laser irradiation. Ccl2, ccl8, Ccl26,
53

in vivo 31: 51-54 (2017)

Cxcl1, Cxcl2, Cxcl3, Cxcl5, Cxcl6 and Cxcl8 were expressed
in endothelial cells of eye (21). It is highly probable that
levels of chemokine expression induced by laser irradiation
may depend on both the type of cell and laser. In this study,
it was suggested that laser-stimulation induced the
expression of the genes for mechanical sensing,
neurotransmitters and chemokines significantly in the
endothelial cells. To clarify the mechanism of the reparative
dentine formation with laser irradiation, the analysis of gene
expressions of cells after laser irradiation are crucial.
In conclusion, the present study demonstrated that the
expression of several genes was considerably enhanced after
stimulation by laser irradiation. It is important to elucidate
the mechanism of up-regulation of these genes in
understanding the interaction between stimulated endothelial
cells and dental pulp cells.
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