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INTRODUCTION
Oral diseases are a worldwide public health issue [1]. It is believed 
that 99% of the adult population presents inflammatory gingival 
disease, while the prevalence of severe periodontitis might reach 
10-12% [2,3]. Furthermore, periodontitis is a significant financial 
burden and is typically related with systemic disorders [4]. Therefore, 
in order to address periodontitis’ systemic implications and create 
new pharmaceutical strategies, we need a better understanding 
of the molecular mechanisms of the disease. In this regard, 
research into signalling pathways and how they are altered during 
tissue development, maintenance, and disease can help us better 
understand periodontitis and identify potential targets for treatment.

The Wnt signaling pathway comprises a family of secreted 
glycoproteins that modulate processes such as embryonic 
development and cell differentiation, proliferation and survival 
[5]. The management of periodontal destruction and periodontal 
regeneration are current focus in the field of periodontics. The 
progression of periodontitis and the maintenance of the homeostasis 
of periodontal tissues are all likely influenced by Wnt signalling, 
according to mounting evidence [5,6].

A single thrombospondin Type I Repeat (TSR) domain is found 
in the four cysteine-rich secreted proteins known as Rspos [7]. 
Significant advancements have been achieved in Rspo research 
over the past few years, particularly with regard to their functions in 
the activation of the Wnt signalling pathway. The recent discovery 
of numerous Rspo protein receptors raises the possibility that 
this family of proteins can influence various signalling cascades 
by making use of various receptors. Understanding the functional 
roles of Rspos in various biological processes and figuring out the 
molecular mechanisms by which Rspos regulate the Wnt signalling 
pathway have garnered significantly more interest in light of the 
broad spectrum of Wnt signalling functions in both healthy biological 
processes and disease conditions [8,9]. This review outlines 
the role of Wnt signalling in periodontal tissues, how R-spondin 
modulates the Wnt signalling pathway and their potentials for 
therapeutic applications in periodontal diseases in future.

What are R-spondins
Four secreted glycoproteins make up the Rspo family of proteins 
(Rspo1-4.7). According to several studies, Rspo proteins interact 

with Frizzled (FZD) 8 and the low-density lipoprotein receptor-
related proteins 5 and 6 to activate the Wnt/β-catenin signalling 
pathway [10,11]. Recent investigations have revealed that the G 
protein-coupled receptors 4, 5 and 6 are the receptors for Rspos 
(LGR4, LGR5, and LGR6) [12]. Rspo2 plays crucial functions in 
a variety of biological processes, including skeletal development 
[13]. Furthermore, prior research has demonstrated that Rspo2 
stimulates osteogenesis in MC3T3-E1 cells by triggering the Wnt/
catenin signalling pathway [14].

ROle Of WNT SIgNAlINg PAThWAy IN 
PeRIODONTAl DISeASe
The Wnt/β-catenin (or canonical) pathway and the non canonical 
(or Wnt/β-catenin independent) pathway are the two primary 
branches of the Wnt pathway. Through the regeneration of the 
periodontal ligament and cementum, as well as the alveolar 
bone by regulating the Receptor Activator of Nuclear Factor-Kb 
Ligand (RANKL)/Receptor Activator of Nuclear factor-kB (RANK)/ 
Osteoprotegerin (OPG) axis, the Wnt pathway contributes to the 
creation and maintenance of periodontal tissues [15]. Wnt ligands, 
FZD receptors, as well as a number of co-receptors and intracellular 
effectors, are necessary for this pathway. A certain pathway is 
selectively activated by Wnt ligands. For instance, whilst Wnt5a and 
Wnt11 activate the non canonical branch, Wnt1 and Wnt3a activate 
the Wnt/β-catenin pathway.

The Wnt/β-catenin pathway involves the binding of Wnt ligands 
to Low-density lipoprotein Receptor-related Protein (LRP5)/6 co-
receptors and FZD receptors, which stabilises and translocates 
beta-catenin into the nucleus. While this is happening, the non 
canonical Wnt pathway is mediated by ligands like Wnt5a and 
Wnt11, FZD receptors, and co-receptors like Receptor Tyrosine 
Kinase like Orphan Receptor 1 (ROR1)/2 and Receptor-like Tyrosine 
Kinase (RYK), among others. This causes intracellular processes 
that are unrelated to beta-catenin stabilisation [16]. Importantly, 
there may be crosstalk between the two Wnt branches because they 
share proteins like FZD receptors and Dishevelled. Several secreted 
proteins have the ability to change Wnt signalling. These include 
the soluble Frizzled Related Proteins (sFRPs), the Wnt Inhibitory 
Factor 1 (WIF1), the Sclerostin (SOST), the Rspos proteins, and the 
Dickkopf (DKK) proteins [Table/Fig-1] [17].
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ABSTRACT
Periodontitis is a multifactorial chronic condition associated with the formation of a dysbiotic biofilm, leading to inflammation 
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Wnt Signaling in Alveolar Bone and Root Cement 
Maintenance
Negative modulation of the Wnt/β-catenin pathway in PDL cells 
may positively influence cementum regeneration. However, there is 
an increase in cementum deposition in cell lines with higher levels 
of Wnt/β-catenin activity. The Wnt/β-catenin signalling pathway 
stimulates the expression of Osterix (Osx), which leads to DKK1 
expression, which dampens Wnt/β-catenin signalling. As a result, 
adequate fine tuning of the Wnt/β-catenin pathway may be required 
to increase cementum production [23]. Wu Y et al., discovered that 
in DacatOt mutant mice, there is a progressive proliferation of Wnt 
sensitive cells, which has a disastrous effect on the periodontium. 
Normally, Wnt/β-catenin signalling is localised to alveolar bone 
osteocytes and cementocytes, but in DacatOt mutant mice, Wnt 
signalling spreads to surround the whole PDL. Both osteoblasts 
and cementoblasts generally create and respond to Wnt signals, 
thus it is plausible to believe that when the PDL space narrows, 
Wnt signals emerging from the mineralising tissues begin to impact 
cells in the middle of the PDL space, promoting cementum and pdl 
development [24]. Gopinathan G et al., document the highly specific 
role of the Wnt inhibitor SFRP1 in maintaining the nonmineralised 
state of PDL progenitors [25].

how R-spondins Regulate Wnt Signalling
Without Rspos, Znrf3/Rnf43 ubiquitinates FZD, resulting in receptor 
complex endocytosis and Wnt signalling suppression. Rspos 
connect to their Lgr4/5/6 receptors, forming a complex that binds to 
Znrf3/Rnf43. The membrane is then cleansed of these E3 ubiquitin 
ligases. This allows the receptor complex to initiate downstream 
signalling, which amplifies the Wnt signalling cascade. Moreover, it 
is currently thought that Rspo2/3 can accelerate Wnt signalling by 
using signalling that is independent of Lgr. Rspo2 and Rspo3 can, 
however, use membrane-bound heparin sulphate proteoglycans 
to boost canonical Wnt signalling without the help of Lgrs (HSPG) 
[Table/Fig-3] [26].

The Wnt/β-catenin pathway, which promotes cell proliferation, must 
be tuned for effective osteogenic differentiation. On the other hand, 
periodontitis might lead to a hyperactivation of the non canonical 
Wnt pathway, which is mostly controlled by Wnt5a, which might 
trigger a flip between opposing Wnt modes. Appropriate balance 
between Wnt modalities, rather than independent modulation 
of single pathways, might be a healthier approach to restore 

Based on a number of findings, a potential function in the stimulation 
of Wnt signalling in osteoblasts and osteoclasts emerged. The 
RANK/RANKL/OPG system acts as a link between osteogenesis 
and osteoclastogenesis. Moreover, it is believed that Wnt signalling 
via the RANK/RANKL/OPG pathway regulates osteoclastogenesis. 
OPG is an inhibitory factor in osteoclastogenesis, and interleukin-
1-stimulated human gingival fibroblasts and Periodontal Ligament 
fibroblast Cells (PDLCs) produced less OPG when Wnt signalling 
was blocked by siRNA for catenin [18]. Additionally, treatment with 
amyloid peptide could prevent osteoclastogenesis in RAW264.7 
cells by inhibiting the RANK/RANKL/OPG system. The impact was 
reduced by the Wnt signalling antagonist, but elevated by the Wnt 
signalling agonist. Furthermore, Wnt signalling promotes osteogenic 
differentiation while suppressing osteoclastogenesis via the RANK/
RANKL/OPG system. As a consequence, Wnt signalling regulators 
may represent a significant therapeutic target for alveolar process 
reconstruction [19].

WNT SIgNAlINg AND PeRIODONTIUM
There is a gradient of Wnt/β-catenin activity across the PDL, with 
higher activity at the cementum/PDL interface, which correlates 
with higher cell proliferation. Lower Wnt/β-catenin activity, on the 
other hand, is detected at the interface between the PDL and the 
alveolar bone, corresponding to increased differentiation toward the 
osteogenic lineage. This shows that the Wnt/β-catenin pathway 
requires spatial finetuning for both proliferation and differentiation 
in the PDL [20].

R-spondins proteins are released by cells from healthy PDL in rats 
as well as primary cultures of PDL cells, and they play an important 
role in controlling the osteoblastic differentiation of immature human 
PDL cells via the Wnt/catenin pathway. TGF-β may also trigger 
β-catenin to influence PDL cell differentiation [21].

Wingless/Integration pathway modulation is also possible in an 
inflammatory context [Table/Fig-2]. The Wnt/β-catenin balance may 
change in an inflammatory scenario, reducing the differentiation 
between osteogenic and cementogenic cells. The expression of 
Wnt5A and SFRP5 is variably modulated when human gingival cells 
are exposed to LPS from Porphyromonas gingivalis (P.gingivalis). 
Wnt5A levels were higher in periodontitis patients and in cells 
treated with Lipopolysaccharide (LPS), whereas SFRP5 levels were 
higher in healthy participants. However, LPS administration resulted 
in a decrease in SFRP5 levels [19]. In the cell line, Tamm-Horefall 
protein-1, LPS from P.gingivalis also raises Wnt5A levels. All of 
these findings point to a change in the relative importance of the 
Wnt pathways in a sick environment, favouring Wnt5a mediated 
signalling. Due to its capacity to encourage both the turnover of 
focal adhesions and the production of proteins like Laminin-2, 
Wnt5a plays a part in cell invasion and migration. It is interesting 
to note that periodontopathogens and Wnt5a exposure greatly 

[Table/fig-1]: β-catenin signalling pathway without Wnt signal and with Wnt signal 
(self diagram) [17].

[Table/fig-2]: Role of Wnt signalling in health and periodontitis [22].
In a healthy environment, the Wnt/β-catenin pathway may play an important role in periodontal 
ligament homeostasis and bone and cementum maintenance. However, the challenge provided 
by periodontopathic bacteria may stimulate local production of Wnt5a, which may contribute 
to the maintenance of an inflammatory loop due to its propensity to induce the expression of 
Monocyte Chemoattractant Protein-1 (MCP-1), hence increasing macrophage recruitment. This 
may contribute to an imbalance between the branches of the Wnt pathway, favouring the non 
canonical Wnt pathway. Wnt5a may thereby increase bone tissue loss

boosts the expression of genes including POSTN, COL1A1, and 
FBN1 as well as proliferation and migration in PDL cells. As a result, 
the pathogenic challenge in the PDL may affect progenitor cell 
differentiation and extracellular matrix remodelling via Wnt5a [22].
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tissue balance in periodontitis. On a pharmacological level, the 
discovery of specific intracellular Wnt5a transducers may enable 
the development of tailored medications to inhibit the signalling 
pathways activated by this ligand [27].

Rspos proteins (Rspo1-4) are powerful stem cell growth factors that 
significantly enhance Wnt/β-catenin signalling [28]. Several studies 
have shown that Rspos proteins help to regulate tissue patterning 
and differentiation [14,29]. By modifying Wnt/β-catenin signalling, 
Rspo2 has been shown to promote osteoblast development in 
MC3T3 E1 cells [30], murine Bone Marrow Stem Cells (BMSC) 
[31], and human periodontal ligament cells [32]. BMSCs isolated 
from Rspo2Ftl mice which are deficient in Rspo2 showed reduced 
osteogenesis compared with BMSCs from wild-type litter mates 
[31]. Rspo2 is highly expressed by osteoblasts in vitro and sufficient 
for Wnt/β-catenin signaling activation and enhanced osteoblast 
maturation or mineralisation [30]. Gong Y et al., proposed in 2020 
that Rspo2 was essential for hDPSC proliferation and odontogenic 
differentiation, and that Rspo2 knockdown reduced this activity. 
DKK-1 inhibited Wnt/-catenin signalling, which diminished Rspo2’s 
odontogenic effect. During the activation of the Wnt/β-catenin 
signalling pathway, Wnt3a and Rspo2 had a synergistic effect [33].

R-SPONDIN- fUTURe TheRAPeUTIC 
ASPeCTS IN PeRIODONTICS
The available knowledge of Rspo proteins, their receptors on 
Lgr4/5/6, and receptor-like proteins on Znrf3/Rnf43 has improved 
our understanding of the molecular mechanism by which Rspos 
augment the normal Wnt signalling pathway. Rspos play a role in 
regulating a number of bone-related biological processes and clearly 
promote osteogenic differentiation [26]. Despite a lack of studies 
in this area, the receptor Lgr4/5/6 appears to be necessary for 
Rspos Wnt/β-catenin signalling in bone cells. The precise regulatory 
mechanism governing Rspos expression and secretion in bone and 
bone cells must first be understood. Second, further research is 
needed to understand the specific molecular mechanism by which 
Rspos regulates bone, as well as the involvement of Lrgs and 
Znrf3/Rnf43 in bone. In the future, bone formation might focus on 
controlling the amount of Lgr4/5/6 receptors in bone cells. Another 
difficult challenge is determining which of the three Lgr receptors 
and the four Rspo proteins is the most effective target for altering 
bone metabolism. Many questions remain unresolved before it can 
be correctly identified how therapeutic drug exploitation and clinical 
application based on Rspo signalling for diseases associated with 
bone loss might work. The relative balance between canonical and 
non canonical Wnt signalling is lost in periodontitis, suggesting that 
rather than independent control of a particular Wnt pathway, recovery 

of periodontal tissues may need restoration of this balance [27]. As 
a result, agents like R-spondin that modulate Wnt signalling can be 
used as an adjuvant therapy for periodontitis treatment in future. In 
the near future, we can focus on in vivo investigations to investigate 
the potential clinical applications of Rspos and Wnt ligands for the 
treatment of periodontitis. Further research should be conducted to 
address crucial concerns such as administrative methods (local or 
systemic), safety, long-term efficacy, and durability.

CONClUSION(S)
R-spondins secreted proteins clearly have a substantial impact on 
their own or via regulating Wnt signalling activity. Given that Wnt 
signalling is one of the most essential developmental signalling 
pathways that regulate cell fate decisions, tissue development, 
growth, and homeostasis, Rspos may play key roles in these 
processes and serve as potential therapeutic targets.

RefeReNCeS
 Petersen PE, Ogawa H. The global burden of periodontal disease: Towards [1]

integration with chronic disease prevention and control. Periodontol 2000. 
2012;60(1):15-39.

 Farina R, Scapoli C, Carrieri A, Guarnelli ME, Trombelli L. Prevalence of bleeding [2]
on probing: A cohort study in a specialist periodontal clinic. Quintessence Int. 
2011;42(1):57-68.

 Kasebaum NJ, Bernabe E, Dahiya M, Bhandari B, Murray CJ, Marcenes W. [3]
Global burden of severe periodontitis in 1990-2010: A systemic review and 
meta-regression. J Dent Res. 2014;93(11):1045-53.

 Hoai BT, Thanh SD, Tung BD. State budget balance, public debt, and international [4]
norms. Journal of Economic Development. 2015;22(4):51-75.

 Rooker SM, Liu B, Helms JA. Role of Wnt signaling in the biology of the [5]
periodontium. Developmental dynamics: An official publication of the American 
Association of Anatomists. 2010;239(1):140-47.

 Sethi JK, Vidal-Puig A. Wnt signalling and the control of cellular metabolism. [6]
Biochem J. 2010;427(1):01-07.

 Jin YR, Yoon JK. The R-spondin family of proteins: Emerging regulators of [7]
WNT signaling. Int J Biochem Cell Biol. 2012;44(12):2278-87.

 Abed É, Chan TF, Delalandre A, Martel-Pelletier J, Pelletier JP, Lajeunesse D. [8]
R-spondins are newly recognized players in osteoarthritis that regulate Wnt 
signaling in osteoblasts. Arthritis & Rheumatism. 2011;63(12):3865-75.

 Binnerts ME, Kim KA, Bright JM, Patel SM, Tran K, Zhou M, et al. R-Spondin1 [9]
regulates Wnt signaling by inhibiting internalization of LRP6. Proceedings of the 
National Academy of Sciences. 2007;104(37):14700-05.

 MacDonald BT, He X. Frizzled and LRP5/6 receptors for Wnt/[10] β-catenin signaling. 
Cold Spring Harbor perspectives in biology. 2012;4(12):a007880.

 Carmon KS, Gong X, Lin Q, Thomas A, Liu Q. R-spondins function as ligands [11]
of the orphan receptors LGR4 and LGR5 to regulate Wnt/β-catenin signaling. 
Proceedings of the National Academy of Sciences. 2011;108(28):11452-57.

 Cadigan KM, Peifer M. Wnt signaling from development to disease: [12]
Insights from model systems. Cold Spring Harbor perspectives in biology. 
2009;1(2):a002881.

 Yamada W, Nagao K, Horikoshi K, Fujikura A, Ikeda E, Inagaki Y, et al. Craniofacial [13]
malformation in R-spondin2 knockout mice. Biochemical and Biophysical 
Research Communications. 2009;381(3):453-58.

 Zhu C, Zheng XF, Yang YH, Li B, Wang YR, Jiang SD, et al. LGR4 acts as a [14]
key receptor for R-spondin 2 to promote osteogenesis through Wnt signaling 
pathway. Cell Signal. 2016;28(8):989-1000.

 Kobayashi Y, Thirukonda GJ, Nakamura Y, Koide M, Yamashita T, Uehara S, [15]
et al. Wnt16 regulates osteoclast differentiation in conjunction with Wnt5a. 
Biochemical and Biophysical Research Communications. 2015;463(4):1278-83.

 Niehrs C. The complex world of WNT receptor signalling. Nature reviews [16]
Molecular Cell Biology. 2012;13(12):767-79.

 Hsieh JC, Kodjabachian L, Rebbert ML, Rattner A, Smallwood PM, Samos [17]
CH, et al. A new secreted protein that binds to Wnt proteins and inhibits their 
activites. Nature. 1999;398(6726):431-36.

 Suda T, Nagasawa T, Wara-Aswapati N, Kobayashi H, Iwasaki K, Yashiro R, [18]
et al. Regulatory roles of β-catenin and AP-1 on osteoprotegerin production in 
interleukin-1α-stimulated periodontal ligament cells. Oral Microbiol Immunol. 
2009;24(5):384-89.

 Yang B, Li S, Chen Z, Feng F, He L, Liu B, et al. Amyloid [19] β peptide promotes 
bone formation by regulating Wnt/β-catenin signaling and the OPG/RANKL/
RANK system. The FASEB Journal. 2020;34(3):3583-93.

 Lim WH, Liu B, Mah SJ, Yin X, Helms JA. Alveolar bone turnover and periodontal [20]
ligament width are controlled by Wnt. J Periodontol. 2015;86(2):319-26.

 Lim JC, Bae SH, Lee G, Ryu CJ, Jang YJ. Activation of [21] β-catenin 
by TGF-β1 promotes ligament-fibroblastic differentiation and inhibits 
cementoblastic differentiation of human periodontal ligament cells. Stem Cells. 
2020;38(12):1612-23.

 Maekawa T, Kulwattanaporn P, Hosur K, Domon H, Oda M, Terao Y, et al. [22]
Differential expression and roles of secreted frizzled-related protein 5 and the 
wingless homolog Wnt5a in periodontitis. J Dent Res. 2017;96(5):571-77.

[Table/fig-3]: Schematic illustration of Rspo-induced Wnt signaling augmentation 
(self diagram) [26].



NK Savithri et al., R-spondins and Wnt Signalling- A Periodontal Perspective www.jcdr.net

Journal of Clinical and Diagnostic Research. 2023 Jun, Vol-17(6): ZE19-ZE222222

 Hasegawa D, Wada N, Yoshida S, Mitarai H, Arima M, Tomokiyo A, et al. Wnt5a [23]
suppresses osteoblastic differentiation of human periodontal ligament stem cell-
like cells via Ror2/JNK signaling. J Cell Physiol. 2018;233(2):1752-62.

 Wu Y, Yuan X, Perez KC, Hyman S, Wang L, Pellegrini G, et al. Aberrantly elevated [24]
Wnt signaling is responsible for cementum overgrowth and dental ankylosis. 
Bone. 2019;122:176-83.

 Gopinathan G, Foyle D, Luan X, Diekwisch TGH. The Wnt antagonist SFRP1: A key [25]
regulator of periodontal mineral homeostasis. Stem Cells Dev. 2019;28:1004-14.

 Nagano K. R-spondin signaling as a pivotal regulator of tissue development [26]
and homeostasis. Japanese Dental Science Review. 2019;55(1):80-87.

 González-Quintanilla D, Abásolo N, Astudillo P. Wnt signaling in periodontal [27]
disease. Frontiers in Dental Medicine. 2021;2:763308.

 Kim KA, Wagle M, Tran K, Zhan X, Dixon MA, Liu S, et al. R-Spondin family [28]
members regulate the Wnt pathway by a common mechanism. Molecular 
Biology of the Cell. 2008;19(6):2588-96.

 Zhu C, Zheng XF, Yang YH, Li B, Wang YR, Jiang SD, et al. LGR4 acts as a [29]
key receptor for R-spondin 2 to promote osteogenesis through Wnt signaling 
pathway. Cell Signal. 2016;28(8):989-1000.

 Friedman MS, Oyserman SM, Hankenson KD. Wnt11 promotes osteoblast [30]
maturation and mineralization through R-spondin 2. Journal of Biological 
Chemistry. 2009;284(21):14117-25.

 Knight MN, Hankenson KD. R-spondins: Novel matricellular regulators of the [31]
skeleton. Matrix Biology. 2014;37:157-61.

 Arima M, Hasegawa D, Yoshida S, Mitarai H, Tomokiyo A, Hamano S, et al. [32]
R-spondin 2 promotes osteoblastic differentiation of immature human periodontal 
ligament cells through the Wnt/β-catenin signaling pathway. J Periodont Res. 
2019;54(2):143-53.

 Gong Y, Yuan S, Sun J, Wang Y, Liu S, Guo R, et al. R-Spondin 2 induces [33]
odontogenic differentiation of dental pulp stem/progenitor cells via regulation of 
Wnt/β-catenin signaling. Frontiers in Physiology. 2020;11:918.

PartiCULarS OF CONtriBUtOrS:
1. Senior Lecturer, Department of Periodontics, Madha Dental College and Hospital, Kundarathur, Chennai, India.
2. Senior Lecturer, Department of Periodontics, Madha Dental College and Hospital, Kundarathur, Chennai, India.
3. Postgraduate Student, Department of Periodontics, Madha Dental College and Hospital, Kundarathur, Chennai, India.
4. Postgraduate Student, Department of Oral Medicine and Radiology, Malabar Dental College and Research Centre, Edappal, Kerala, India.

PLagiariSM CheCKiNg MethODS: [Jain H et al.]

•  Plagiarism X-checker: Nov 30, 2022
•  Manual Googling: Feb 14, 2023
•  iThenticate Software: Feb 18, 2023 (25%)

etyMOLOgy: Author OriginNaMe, aDDreSS, e-MaiL iD OF the COrreSPONDiNg aUthOr:
Dr. NK Savithri,
La Habitat, Flat S1, Block C, Dhanalakshmi Nagar, Moulivakkam,  
Chennai-600125, Tamil Nadu, India.
E-mail: savithri.krishnan0@gmail.com

Date of Submission: Nov 22, 2022
Date of Peer Review: Jan 07, 2023
Date of Acceptance: Feb 20, 2023

Date of Publishing: Jun 01, 2023

aUthOr DeCLaratiON:
•  Financial or Other Competing Interests:  None
•  Was informed consent obtained from the subjects involved in the study?  NA
•  For any images presented appropriate consent has been obtained from the subjects.  NA

eMeNDatiONS: 6

http://europeanscienceediting.org.uk/wp-content/uploads/2016/11/ESENov16_origart.pdf

