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ABSTRACT
Signal regulatory protein alpha (SIRPα) is mainly expressed by cells of myeloid origin. This membrane 
glycoprotein is shown to be involved in regulation of different inflammatory conditions, such as colitis 
and arthritis. However, SIRPα has not been investigated in relationship to periodontitis, an inflammatory 
condition affecting the tooth supporting tissues. We aim to investigate if resident cells in the periodon-
tium express SIRPα and whether a possible expression is affected by inflammatory conditions. Primary 
human keratinocytes, fibroblasts, periodontal ligament cells, and osteoblasts were cultured with or with-
out the pro-inflammatory cytokines tumor necrosis factor alpha (TNF-α) or interleukin-1-beta (IL-1β). All 
different periodontal cell types showed a basal mRNA expression of SIRPα. Pro-inflammatory cytokines 
induced a 2–3-fold significant increase in SIRPα expression in both cultured human gingival fibroblasts 
and osteoblasts but neither in keratinocytes nor in periodontal ligament cells. Tissue sections from human 
gingival tissue biopsies were histochemically stained for SIRPα. Epithelial keratinocytes and gingival fibro-
blasts stained positive in sections from periodontally healthy as well as in sections from periodontitis. In 
periodontitis sections, infiltrating leukocytes stained positive for SIRPα. We highlight our finding that oral 
keratinocytes, gingival fibroblasts, and periodontal ligament cells do express SIRPα, as this has not been 
presented before. The fact that inflammatory stimulation of gingival fibroblasts increased the expression 
of SIRPα, while an increased expression by gingival fibroblasts in periodontitis tissue in situ could not be 
detected, is indeed contradictory. 
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Introduction

Our teeth are well anchored in the jawbone through a delicate 
tooth supporting tissue, also known as the periodontium. It 
includes the periodontal ligament, which is formed by the peri-
odontal ligament cells. These anchoring fibers extend from the 
root surface of the tooth to the surrounding alveolar jawbone, 
which is formed by osteoblasts. The gingiva covers the jawbone 
and consists of fibrous soft tissue, which is formed and remod-
eled by fibroblasts. The epithelium contours the gingiva and is 
built up by keratinocytes. 

Periodontitis is a chronic inflammatory disorder where 
periodontal tissue degradation jeopardizes tooth retention [1]. 
The inflammatory condition in the periodontium is triggered by 
host microorganisms that colonize the tooth surface and induce 
an immune response. During inflammatory processes, including 
periodontitis, different cytokines, chemokines, and other 
inflammatory mediators like prostaglandins are released, 
affecting and controlling the progression of the disease [2]. The 
pro-inflammatory cytokines tumor necrosis factor alpha (TNF-α) 
and interleukin-1-beta (IL-1β) are secreted from leukocytes and 

resident periodontal cells (i.e., gingival fibroblasts, periodontal 
ligament fibroblasts, and vascular endothelial cells) [3]. These 
cytokines play a role in periodontitis and contribute indirectly to 
the destruction of both connective and bone tissue, resulting in 
loss of tooth attachment. Both TNF-α and IL-1β enhance the 
expression of collagenases, and of other cytokines in cells of the 
periodontal lesions. Amongst those are interleukin-6 (IL-6) [4] 
and the cytokine receptor activator of nuclear factor kB ligand 
(RANKL) [5]. RANKL is crucial for differentiation and function of 
the bone-resorbing osteoclasts [5]. Moreover, an enhanced 
expression of IL-6 has been shown to stimulate the differentiation 
of osteoclasts [6] and may therefore also contribute to bone 
resorption in periodontitis. TNF-α, IL-1β, and IL-6 are found in 
gingival crevicular fluid from pathological gingival pockets seen 
in periodontitis [7, 8].

The cell surface protein signal regulatory protein alpha 
(SIRPα) is a protein belonging to the immunoglobulin-like super 
family and is highly expressed by myeloid cells [9]. In recent 
years, it has also been shown that SIRPα is expressed by cell 
types other than myeloid cells, for example, osteoblasts and 
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stromal cells [10, 11]. There are only a few known ligands for 
SIRPα, where the cell surface protein CD47 is the most well 
described [9, 12]. The interaction between CD47 and SIRPα was 
initially discovered as an important “marker of self” for the host 
immune system to recognize endogenous from non-
endogenous cells [13], as well as controlling phagocytosis [14] 
and formation of multinucleated macrophages [15]. Moreover, 
SIRPα and CD47 play an important role in leukocyte-cell 
migration [16] and in the differentiation of osteoclasts [11, 17]. 
SIRPα has also been studied in relation to inflammatory 
processes and conditions. It has been demonstrated that SIRPα 
mutant mice (lacking the intracellular signaling domain) have a 
reduced susceptibility to arthritis induced by type-II-collagen, 
hence indicating that SIRPα contributes to inflammatory tissue 
destruction [18]. Studies of experimental colitis in mice, and 
studies of the inflammatory bowel disease Crohn’s disease in 
humans show an accumulation of SIRPα-positive dendritic cells 
(DCs) in the inflamed intestine. The SIRPα-positive DCs can 
secrete pro-inflammatory cytokines (e.g., TNF-α, IL-6, and IL-1β). 
This indicates a considerable role of SIRPα in animal inflammatory 
models and intestinal inflammation in humans [19, 20]. However, 
most studies performed regarding SIRPα and inflammatory 
conditions have been focusing on immune- and inflammatory 
cells. There is limited information regarding SIRPα expression in 
tissue resident cells of epithelial or mesenchymal origin. Also, if 
inflammatory conditions would be able to change the expression 
of SIRPα, this could indicate a regulatory role in inflammatory 
tissue-destructive diseases.

Herein, we investigate the expression of SIRPα in periodontal 
cells and tissue under healthy and inflammatory conditions.

Material and methods

Cell culturing 

All experiments stated below were repeated three times with at 
least four replicates per group.

Human gingival fibroblasts

Gingival fibroblasts were collected from six periodontally 
healthy individuals, between 22 and 25 years of age, four women 
and two men. The biopsies were surgically removed under local 
anesthesia (Xylocaine Adrenalin 20 mg/mL + 12.5 μg/mL injec-
tion fluid) from the premolar region of the mandible. The area 
was probed and visually examined to ensure no signs of clinical 
inflammation. Each biopsy measured 4 × 4 mm and was 
removed with a scalpel. After collection, the biopsies were dis-
sected into smaller pieces and cultured in 25 cm2 culture bottles 
(Nunclon™ Delta Surface/ThermoFisher Scientific, USA), in alpha 
minimum essential medium (α-MEM), 10% fetal calf serum (FCS) 
(GIBCO-BRL/Life Technologies, Paisley, UK), 10 x antibiotics 
(Sigma Aldrich, USA) and L-glutamine (Life Technology, USA), in 
5% CO2 at 37°C. The gingival fibroblasts migrated and prolifer-
ated from the explants and after passages 4–5 they were seeded 
at a concentration of 4 × 105 cells/cm2 in 24-well culturing plates 

(Nunclon™ Delta Surface/ThermoFisher Scientific, USA) with 
α-MEM, 10% fetal calf serum, antibiotics, and L-glutamine and 
stimulated with IL-1β (100 pg/mL) or TNF-α (50 ng/mL) R&D 
Systems, USA) for 24 h in 5% CO2 at 37°C. 

Human periodontal ligament cells 

Periodontal ligament cells were obtained from teeth extracted 
on orthodontic indications from four periodontally healthy 
individuals, between 12 and 14 years of age. Two girls and two 
boys. The periodontal ligament was scraped from the middle 
third of the root to avoid contamination from gingival and api-
cal tissues and cultured in 25 cm2 culture bottles, in α-MEM, 
10% FCS, 10 x antibiotics and L-glutamine in 5% CO2 at 37°C. 
After 3–4 passages, the proliferating cells were seeded in a con-
centration of 4 × 105 cells/ cm2 in 24-well culturing plates with 
α-MEM, 10% fetal calf serum, antibiotics, and L-glutamine and 
stimulated with IL-1β (100 pg/mL) or TNF-α (50 ng/mL) for 24 h 
in 5% CO2 at 37°C. 

Human osteoblasts

Primary osteoblasts were collected from cultured trabecular bone 
fragments from the iliac crest extracted from six patients under-
going bone grafting procedure in spinal surgery. The trabecular 
bone was cut into 2–3 mm pieces, rinsed with PBS and incubated 
for 2 hours at 37°C with 1 mg/mL collagenase. Continued cultur-
ing was performed for 35–50 days with α-MEM, 10% fetal calf 
serum, antibiotics, and L-glutamine, until migration and subse-
quent proliferation of the cells had occurred. At passage 3, the 
osteoblasts were seeded at a concentration of 25 × 104 cells/cm2 
in 24-well culturing plates with α-MEM, 10% fetal calf serum, anti-
biotics, and L-glutamine and stimulated with IL-1β (100 pg/mL) or 
TNF-α (50 ng/mL) for 24 h in 5% CO2 at 37°C [21, 22]. 

Human oral keratinocytes 

Primary gingival keratinocytes (ATCC® PCS-200-014™) were 
seeded according to the manufacturer’s recommendations at a 
concentration of 5 × 103 cells/cm2 in 24-well culturing plates with 
Derma Cell Basal Medium (ATCC® PCS-200-030™), Keratinocyte 
Growth Kit (ATCC® PCS-200-040™) and stimulated with IL-1β 
(100 pg/mL) or TNF-α (50 ng/mL) for 24 h in 5% CO2 at 37°C. 

RNA isolation and cDNA synthesis

mRNA was isolated using RNAqueous®-Micro Kit (Ambion, Austin, 
Texas) according to the manufacturer´s instructions. The mRNA 
was reversed transcribed to cDNA using High-Capacity cDNA 
Reverse Transcription Kit (Applied Biosystems, Foster City, CA). 

Gene expression analysis

The gene expression of SIRPα and IL-6 (ThermoFisher Scientific, 
USA) was analyzed with quantitative real-time RT-qPCR 
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technique using Taq-man (API PRISM 7900HT Sequence 
Detection System). By simultaneous analysis of the housekeep-
ing gene ribosomal protein L13a (RPL13a) (Invitrogen, USA) 
(Applied Biosystems, Warrington, UK), the amplification diver-
sity of each gene was controlled. and each n/group was meas-
ured with duplicates. 

Immunohistochemical analysis

Soft tissue samples from 3 healthy individuals and 5 individuals 
with periodontitis were collected during oral surgery. All individ-
uals were from northern Sweden and of Caucasian origin. The 
age of the individuals with periodontitis varied between 56 and 
72 (56, 61, 61, 68, 72) years, three women, and two men. The 
healthy controls were slightly younger 55–62 (55, 59, and 62), 
two women and one man. All samples were collected from oral 
tissue adjacent to a molar. All the individuals with periodontitis 
had been classified with stage 3 periodontitis, exhibiting perio-
dontal probing depth of 6 mm or more, and bleeding on prob-
ing in the area where the soft tissue was collected. The individuals 
with periodontitis had been treated conventionally first, with 
optimized oral hygiene, and removal of plaque and calculus. The 
samples were fixed in 4% phosphate-buffered paraformalde-
hyde (PFA) and embedded in paraffin. Five μm-thick tissue sam-
ples were deparaffinized in xylene and hydrated in a series of 
ethanol-water dilutions (99, 95, and 70%) before sodium citrate 
buffer heat-induced epitope retrieval and blockage with serum-
free blocking solution (Dako, Denmark) were performed. The 
tissue samples were incubated with a polyclonal SIRPα primary 
antibody (SIRP alpha Antibody, ThermoFisher Scientific, USA), 
washed, incubated with an HRP-labelled polyclonal secondary 
antibody (Dako, Denmark) and after washing finally visualized 
using 3,3’-diaminobenzidine (DAB). A nuclear counterstaining 
was performed with hematoxylin. The results were photomicro-
graphed, and the images were analyzed using Cell^B software. 

Ethical approvement

The Regional Research Ethics Committee at Umeå University 
approved the study. All participants gave their informed consent. 

The work described above has been carried out in accordance 
with the Code of Ethics of the World Medical Association 
(Declaration of Helsinki) for experiments involving humans. 

Statistical analysis

The statistical analyses were performed in GraphPad Prism 7.0a 
using one-way analysis (ANOVA) with Levene’s homogenicity 
test, and post-hoc Turkey’s test. Student’s t-test was used when 
appropriate. All experiments were performed at least three 
times with comparable results, and all data are represented as 
the means ± SEM. The significance levels were set to *p < 0.05, 
**p < 0.01, ***p < 0.001, and ****p < 0.0001. 

Result and discussion

In the present study, we first investigated if SIRPα is expressed in 
human periodontal cells by examining the expression in pri-
mary human keratinocytes, gingival fibroblasts, periodontal lig-
ament cells, and osteoblasts. After 24 h of culturing, all cell types 
exhibited SIRPα mRNA expression (Figure 1A–D). The quantity of 
SIRPα mRNA expression was much lower in periodontal liga-
ment cells as compared to that in keratinocytes, fibroblasts, or 
osteoblasts. 

Periodontal cells are responsible for the maintenance of 
tissue structure and integrity of the periodontium [1]. However, 
the physiological role of these cells is not restricted to the 
production and remodeling of the epithelium and extracellular 
matrix, including the gingival fibrous tissue, periodontal 
ligament, and bone. Keratinocytes are shown to contribute to 
the inflammation in periodontitis from the early stages of 
infection, producing the first waves of cytokines, acting as the 
first signal for professional immune cell recruitment and 
modulation of more specific immune responses [21, 22]. This is 
the first report showing that keratinocytes express SIRPα but if 
this receptor plays a role in periodontal inflammation and tissue 
remodeling remains to be elucidated. Gingival fibroblasts act as 
sentinel cells that modulate the immune response to oral 
bacteria, bacterial products, and cytokines adjacent to the 
epithelium and gingival tissue. Thus, gingival fibroblasts act as 

Figure 1.  SIRPα mRNA expression in mesenchymal cells. Basal SIRPα mRNA expression in human gingival fibroblasts (A) and periodontal ligament cells (B) 
isolated from six and four periodontally healthy individuals, respectively, and cultured for 24 hours. mRNA expression of SIRPα in human osteoblast isolated 
from the iliac crest of six individuals and cultured for 24 hours (C). mRNA expression of SIRPα from primary gingival keratinocytes (D). The mRNA was quanti-
fied by quantitative real-time RT-qPCR, and the diversity of the amplification was normalized to RPL13a. Each box represents the collected mean quantity of 
mRNA ± SEM. hGF (human gingival fibroblasts), hPDL (human periodontal ligament cells), hOB (human osteoblasts) hKC (human keratinocytes).
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an important “nonclassical” component of the innate immune 
system, by producing cytokines, chemokines, and other 
inflammatory stimuli [23]. As SIRPα is shown to contribute to 
inflammatory tissue destruction, we analyzed if cells of the 
periodontium alter the expression of SIRPα under inflammatory 
conditions [18].

The pro-inflammatory cytokines TNF-α (50 ng/mL) or IL-1β 
(100 pg/mL) were added for 24 hours to the cell cultures of 
human oral keratinocytes, gingival fibroblasts, periodontal 
ligament cells, or osteoblasts. In gingival fibroblasts, both TNF-α 
and IL-1β were able to induce a 1.9 and 2.1-fold increase of SIRPα 
mRNA expression respectively (p < 0.05 and p < 0.01) (Figure 2A). 
In contrast, addition of the selected pro-inflammatory cytokines 
did not change the SIRPα mRNA expression in neither 
periodontal ligament cells nor keratinocytes (Figure 2B, C). Like 
that in gingival fibroblasts, the mRNA expression of SIRPα was 
significantly increased in osteoblasts both by TNF-α (2,2-fold) 
(p < 0.001) and IL-1β (3-fold) (p < 0.001) (Figure 2D). Both IL-1β 
and TNF-α induced a significant increase of IL-6 mRNA expression 
in all the cultured cell types in comparison to unstimulated 
controls (Figure 3A–D), indicating a well-functioning 
inflammatory response in the cultures. Taken together, these 
data indicate that proinflammatory cytokines stimulate an 
increased SIRPα mRNA expression in gingival fibroblasts and 

osteoblasts. Fibroblasts and osteoblasts are the major cell types 
in the periodontium responsible for connective tissue and bone 
remodeling, respectively. However, it is not known if the 
inflammatory-related increase in SIRPα expression affects tissue 
remodeling in periodontitis.

The hallmark of periodontitis involves the loss of alveolar 
bone. Osteoblasts and bone-resorbing osteoclast, continuously 
and in a balanced manner, remodel the jawbone under 
periodontally healthy conditions. In periodontitis, unbalanced 
bone remodeling with increased formation and activity of 
osteoclasts, overriding osteoblastic bone formation, results in 
marginal jawbone loss. Inflammation also suppresses coupled 
bone formation and limits repair of the osteolytic lesions [24]. 
We have earlier shown a role of SIRPα, as well as its ligand CD47, 
in both hematopoietic cells and non-hematopoietic stromal 
cells, in regulating the differentiation and function of osteoclasts 
[11, 17]. Furthermore, our previous results showed that lack of 
either CD47 or SIRPα in murine bone marrow stromal cells 
resulted in a reduced ability to stimulate the formation of 
osteoclasts [11]. This makes our present findings of an increased 
expression of SIRPα in human periodontal fibroblasts or 
osteoblasts during inflammatory conditions particularly 
interesting. The increase in SIRPα expression could potentially 
be involved in stimulating the formation of osteoclasts, and 

Figure 2.  SIRPα mRNA expression in mesenchymal cells stimulated with pro-inflammatory cytokines. SIRPα mRNA expression is significantly increased 
in gingival fibroblasts (A) and osteoblasts (D) simulated with TNF-α (50 ng/mL) or IL-1β (100 pg/mL) for 24 h compared to control. No regulation of SIRPα 
mRNA expression was found in periodontal ligament cells (B) or in gingival keratinocytes (C) after stimulation with TNF-α (50 ng/mL) or IL-1β (100 pg/mL) 
for 24 hours. The mRNA was quantified by quantitative real-time RT-qPCR, and the diversity of the amplification was normalized to RPL13a. Data are from 
one representative individual per cell type and expressed as means ± SEM. hGF (human gingival fibroblasts), hPDL (human periodontal ligament cells), hOB 
(human osteoblasts), hKC (human keratinocytes).
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thereby promoting a higher degree of bone resorption activity 
at the inflammatory site. 

To investigate whether our findings that pro-inflammatory 
conditions affect SIRPα mRNA expression in vitro also 
corresponds to SIRPα protein expression in situ in the 
periodontium, we analyzed SIRPα protein expression in human 
periodontal tissue sections. Immunohistochemical analyses of 
healthy gingiva revealed a positive and specific SIRPα staining of 
keratinocytes in the epithelium and of gingival fibroblasts in the 
gingival connective tissue (Figure 4A). Notable was that the 
SIRPα-staining of keratinocytes was foremost detected in stratum 
basale and stratum spinosum in the epithelium of healthy 
gingiva (Figure 4A). Analyses of tissue sections from individuals 
with periodontitis showed that the SIRPα expression was 
detected in all layers of the epithelium (Figure 4B). As expected, 
the inflamed soft gingival tissue harbored an increased number 
of leukocytes, and many of these cells were found to express 
SIRPα (Figure 4C). SIRPα positive fibroblasts were seen in both 
healthy and inflamed conditions. Thus, oral epithelial 
keratinocytes and fibroblasts express SIRPα in periodontal tissue. 

We detected a higher mRNA expression of SIRPα in response 
to inflammatory stimuli in fibroblast cultures but found no 
obvious increase in SIRPα protein expression in fibroblasts of 
periodontitis tissues. Although the number of tissue sections 
from periodontally healthy and diseased tissue is too few to 
make any meaningful comparisons regarding differences in 

SIRPα expression, it is still interesting to note that the SIRPα 
protein extracellular domain has been shown to be sensitive to 
proteolytic cleavage during inflammation [25]. Such proteolytic 
cleave, mediated by ADAM proteases, could be induced by 
inflammatory agents such as PMA, microbial infection, or LPS 
and has been demonstrated in both myeloid cells and in human 
lung epithelial cells both in vivo and in vitro [25–27]. Thus, 
changes in SIRPα protein expression levels could be challenging 
to follow in inflamed tissue samples. To better understand if 
SIRPα protein expression is regulated in periodontitis tissues, 
different stages of the periodontitis disease process, from 
healthy tissue to severe periodontitis, need to be studied with 
increased numbers of participants donating tissue.

This study shows that resident cells of the periodontium 
and  invading leukocytes in periodontitis do express SIRPα, a 
molecule known to play an important role in leukocyte-cell 
migration [16] and in the differentiation of osteoclasts [11]. 
Therefore, mechanistic studies are needed to further understand 
if SIRPα has a role in regulating periodontitis as it does in many 
other inflammatory conditions [18, 19, 25, 28–30]. 

Acknowledgments

We thank professor Östen Ljunggren, Department of Medical 
Sciences, University of Uppsala, Sweden for kindly providing us 
with human osteoblasts. 

Figure 3.  IL-6 mRNA expression in mesenchymal cells stimulated with pro-inflammatory cytokines. IL-6 mRNA expression is significantly increased in gingi-
val fibroblasts (A), periodontal ligament cells (B), gingival keratinocytes (C) and osteoblasts (D) simulated with TNF-α (50 ng/mL) or IL-1β (100 pg/mL) for 24 h 
compared to control. The mRNA was quantified by quantitative real-time RT-qPCR and the diversity of the amplification was normalized to RPL13a. Data are 
from one representative individual per cell type and expressed as means ± SEM. hGF (human gingival fibroblasts), hPDL (human periodontal ligament cells), 
hOB (human osteoblasts), hKC (human keratinocytes).



491  C.K. HOLM ET AL.

Funding sources

This work was supported by fundings from The Region of 
Västerbotten, TUA. RV-467291.

Conflicts of interest

The authors report there are no competing interests to declare.

References
	[1]	 Kinane DF, Stathopoulou PG, Papap PN. Periodontal diseases. Nat 

Rev Dis Primers. 2017;3:17038. https://doi.org/10.1038/nrdp.2017.38
	[2]	 Cekici A, Kantarci A, Hasturk H, Van Dyke TE. Inflammatory and 

immune pathways in the pathogenesis of periodontal disease. 
Periodontol 2000. 2014;64:57–80. https://doi.org/10.1111/prd.12002

	[3]	 Graves DT, Cochran D. The contribution of interleukin-1 and tumor 
necrosis factor to periodontal tissue destruction. J Periodontol. 
2003;74:391–401. https://doi.org/10.1902/jop.2003.74.3.391

	[4]	 Palmqvist P, Lundberg P, Lundgren I, Hanstrom L, Lerner UH. 
IL-1beta and TNF-alpha regulate IL-6-type cytokines in gin-
gival fibroblasts. J Dent Res. 2008;87:558–63. https://doi.
org/10.1177/154405910808700614

	[5]	 Hienz SA, Paliwal S, Ivanovski S. Mechanisms of bone resorption 
in periodontitis. J Immunol Res. 2015;2015:615486. https://doi.
org/10.1155/2015/615486

	[6]	 Ohsaki Y, Takahashi S, Scarcez T, Demulder A, Nishihara T, Williams R, 
et al. Evidence for an autocrine/paracrine role for interleukin-6 in bone 
resorption by giant cells from giant cell tumors of bone. Endocrinology. 
1992;131:2229–34. https://doi.org/10.1210/endo.131.5.1425421

	[7]	 Geivelis M, Turner DW, Pederson ED, Lamberts BL. Measurements of 
interleukin-6 in gingival crevicular fluid from adults with destructive 

periodontal disease. J Periodontol. 1993;64:980–3. https://doi.
org/10.1902/jop.1993.64.10.980

	[8]	 Masada MP, Persson R, Kenney JS, Lee SW, Page RC, Allison 
AC. Measurement of interleukin-1 alpha and -1 beta in gingi-
val crevicular fluid: implications for the pathogenesis of peri-
odontal disease. J Periodontal Res. 1990;25:156–63. https://doi.
org/10.1111/j.1600-0765.1990.tb01038.x

	[9]	 Barclay AN, Van den Berg TK. The interaction between signal regu-
latory protein alpha (SIRPalpha) and CD47: structure, function, and 
therapeutic target. Annu Rev Immunol. 2014;32:25–50. https://doi.
org/10.1146/annurev-immunol-032713-120142

	[10]	 Holm CK, Engman S, Sulniute R, Matozaki T, Oldenborg PA, Lundberg 
P. Lack of SIRPalpha phosphorylation and concomitantly reduced 
SHP-2-PI3K-Akt2 signaling decrease osteoblast differentiation. 
Biochem Biophys Res Commun. 2016;478:268–73. https://doi.
org/10.1016/j.bbrc.2016.07.048

	[11]	 Koskinen C, Persson E, Baldock P, Stenberg A, Bostrom I, Matozaki 
T, et al. Lack of CD47 impairs bone cell differentiation and results 
in an osteopenic phenotype in vivo due to impaired signal 
regulatory protein alpha (SIRPalpha) signaling. J Biol Chem. 
2013;288:29333–44. https://doi.org/10.1074/jbc.M113.494591

	[12]	 Barclay AN. Signal regulatory protein alpha (SIRPalpha)/CD47 inter-
action and function. Curr Opin Immunol. 2009;21:47–52. https://doi.
org/10.1016/j.coi.2009.01.008

	[13]	 Oldenborg PA, Zheleznyak A, Fang YF, Lagenaur CF, Gresham HD, 
Lindberg FP. Role of CD47 as a marker of self on red blood cells. 
Science. 2000;288:2051–4. https://doi.org/10.1126/science.288.​
5473.2051

	[14]	 Okazawa H, Motegi S, Ohyama N, Ohnishi H, Tomizawa T, Kaneko Y, 
et al. Negative regulation of phagocytosis in macrophages by the 
CD47-SHPS-1 system. J Immunol. 2005;174:2004–11. https://doi.
org/10.4049/jimmunol.174.4.2004

	[15]	 Han X, Sterling H, Chen Y, Saginario C, Brown EJ, Frazier WA, et al. 
CD47, a ligand for the macrophage fusion receptor, participates 

Figure 4.  Immunohistochemical staining of SIRPα in oral tissue. Representative photomicrographs of non-inflamed and inflamed periodontal tis-
sue, immunohistochemically stained for SIRPα. A high amount of SIRPα-positive oral keratinocytes (solid arrows) can be seen in both non-inflamed and 
inflamed periodontal tissue. The staining is detected in all layers of the epithelium in the inflamed periodontal tissue and in stratum basale and spinosum 
in the non-inflamed periodontal tissue (A, B) 10× magnification. Low expression of SIRPα in gingival fibroblasts, both in non-inflamed and inflamed peri-
odontal tissue (A, B). A higher amount of SIRPα-positive inflammatory cells (dotted arrows) can be seen in inflamed periodontal tissue (dashed arrows)  
(C) 20× magnification.

https://doi.org/10.1038/nrdp.2017.38
https://doi.org/10.1111/prd.12002
https://doi.org/10.1902/jop.2003.74.3.391
https://doi.org/10.1177/154405910808700614
https://doi.org/10.1177/154405910808700614
https://doi.org/10.1155/2015/615486
https://doi.org/10.1155/2015/615486
https://doi.org/10.1210/endo.131.5.1425421
https://doi.org/10.1902/jop.1993.64.10.980
https://doi.org/10.1902/jop.1993.64.10.980
https://doi.org/10.1111/j.1600-0765.1990.tb01038.x
https://doi.org/10.1111/j.1600-0765.1990.tb01038.x
https://doi.org/10.1146/annurev-immunol-032713-120142
https://doi.org/10.1146/annurev-immunol-032713-120142
https://doi.org/10.1016/j.bbrc.2016.07.048
https://doi.org/10.1016/j.bbrc.2016.07.048
https://doi.org/10.1074/jbc.M113.494591
https://doi.org/10.1016/j.coi.2009.01.008
https://doi.org/10.1016/j.coi.2009.01.008
https://doi.org/10.1126/science.288.5473.2051
https://doi.org/10.1126/science.288.5473.2051
https://doi.org/10.4049/jimmunol.174.4.2004
https://doi.org/10.4049/jimmunol.174.4.2004


ACTA ODONTOLOGICA SCANDINAVICA  492

in macrophage multinucleation. J Biol Chem. 2000;275:37984–92. 
https://doi.org/10.1074/jbc.M002334200

	[16]	 Stenberg A, Sehlin J, Oldenborg PA. Neutrophil apoptosis is associ-
ated with loss of signal regulatory protein alpha (SIRPalpha) from the 
cell surface. J Leukoc Biol. 2013;93:403–12. https://doi.org/10.1189/
jlb.1110637

	[17]	 Lundberg P, Koskinen C, Baldock PA, Lothgren H, Stenberg A, Lerner 
UH, et al. Osteoclast formation is strongly reduced both in vivo and 
in vitro in the absence of CD47/SIRPalpha-interaction. Biochem 
Biophys Res Commun. 2007;352:444–8. https://doi.org/10.1016/​
j.bbrc.2006.11.057

	[18]	 Okuzawa C, Kaneko Y, Murata Y, Miyake A, Saito Y, Okajo J, et al. 
Resistance to collagen-induced arthritis in SHPS-1 mutant mice. 
Biochem Biophys Res Commun. 2008;371:561–6. https://doi.
org/10.1016/j.bbrc.2008.04.124

	[19]	 Baba N, Van VQ, Wakahara K, Rubio M, Fortin G, Panzini B, et al. CD47 
fusion protein targets CD172a+ cells in Crohn’s disease and dampens 
the production of IL-1beta and TNF. J Exp Med. 2013;210:1251–63. 
https://doi.org/10.1084/jem.20122037

	[20]	 Fortin G, Raymond M, Van VQ, Rubio M, Gautier P, Sarfati M, et al. A 
role for CD47 in the development of experimental colitis mediated 
by SIRPalpha+CD103- dendritic cells. J Exp Med. 2009;206:1995–
2011. https://doi.org/10.1084/jem.20082805

	[21]	 Betancur D, Munoz Grez C, Onate A. comparative analysis of cyto-
kine expression in oral keratinocytes and THP-1 macrophages in 
response to the most prevalent serotypes of Aggregatibacter acti-
nomycetemcomitans. Microorganisms. 2021;9: 622-645 https://doi.
org/10.3390/microorganisms9030622

	[22]	 Zhou M, Graves DT. Impact of the host response and osteoblast lin-
eage cells on periodontal disease. Front Immunol. 2022;13:998244. 
https://doi.org/10.3389/fimmu.2022.998244

	[23]	 Wielento A, Lagosz-Cwik KB, Potempa J, Grabiec AM. The role of 
gingival fibroblasts in the pathogenesis of periodontitis. J Dent Res. 
2023;102:489–96. https://doi.org/10.1177/00220345231151921

	[24]	 Lerner UH, Kindstedt E, Lundberg P. The critical interplay between 
bone resorbing and bone forming cells. J Clin Periodontol. 2019;46 
Suppl 21:33–51. https://doi.org/10.1111/jcpe.13051

	[25]	 Londino JD, Gulick D, Isenberg JS, Mallampalli RK. Cleavage of signal 
regulatory protein alpha (SIRPalpha) enhances inflammatory signal-
ing. J Biol Chem. 2015;290:31113–25. https://doi.org/10.1074/jbc.
M115.682914

	[26]	 Hirai H, Hong J, Fujii W, Sanjoba C, Goto Y. Leishmania infec-
tion-induced proteolytic processing of SIRPalpha in macro-
phages. Pathogens. 2023;12: 593-603 https://doi.org/10.3390/
pathogens12040593

	[27]	 Vladimirova YV, Molmer MK, Antonsen KW, Moller N, Rittig N, Nielsen 
MC, et al. A new serum macrophage checkpoint biomarker for innate 
immunotherapy: soluble signal-regulatory protein alpha (sSIR-
Palpha). Biomolecules. 2022;12: 937-946 https://doi.org/10.3390/
biom12070937

	[28]	 Kanazawa Y, Saito Y, Supriatna Y, Tezuka H, Kotani T, Murata 
Y, et al. Role of SIRPalpha in regulation of mucosal immunity 
in the intestine. Genes Cells. 2010;15:1189–200. https://doi.
org/10.1111/j.1365-2443.2010.01453.x

	[29]	 Murata Y, Saito Y, Kaneko T, Kotani T, Kaneko Y, Ohnishi H, 
et  al. Autoimmune animal models in the analysis of the CD47-
SIRPalpha signaling pathway. Methods. 2014;65:254–9. https://doi.
org/10.1016/j.ymeth.2013.09.016

	[30]	 Zen K, Guo Y, Bian Z, Lv Z, Zhu D, Ohnishi H, et al. Inflammation-
induced proteolytic processing of the SIRPalpha cytoplasmic ITIM 
in neutrophils propagates a proinflammatory state. Nat Commun. 
2013;4:2436. https://doi.org/10.1038/ncomms3436

https://doi.org/10.1074/jbc.M002334200
https://doi.org/10.1189/jlb.1110637
https://doi.org/10.1189/jlb.1110637
https://doi.org/10.1016/j.bbrc.2006.11.057
https://doi.org/10.1016/j.bbrc.2006.11.057
https://doi.org/10.1016/j.bbrc.2008.04.124
https://doi.org/10.1016/j.bbrc.2008.04.124
https://doi.org/10.1084/jem.20122037
https://doi.org/10.1084/jem.20082805
https://doi.org/10.3390/microorganisms9030622
https://doi.org/10.3390/microorganisms9030622
https://doi.org/10.3389/fimmu.2022.998244
https://doi.org/10.1177/00220345231151921
https://doi.org/10.1111/jcpe.13051
https://doi.org/10.1074/jbc.M115.682914
https://doi.org/10.1074/jbc.M115.682914
https://doi.org/10.3390/pathogens12040593
https://doi.org/10.3390/pathogens12040593
https://doi.org/10.3390/biom12070937
https://doi.org/10.3390/biom12070937
https://doi.org/10.1111/j.1365-2443.2010.01453.x
https://doi.org/10.1111/j.1365-2443.2010.01453.x
https://doi.org/10.1016/j.ymeth.2013.09.016
https://doi.org/10.1016/j.ymeth.2013.09.016
https://doi.org/10.1038/ncomms3436

