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Abstract 

Periodontal diseases are characterized by the inflammation 

and destruction of supporting tissues of the teeth. 

Periodontitis is initiated by bacterial accumulation 

between the gingiva and teeth, which triggers an 

inflammatory-immune response within the host. In 

susceptible individuals, the initial acute inflammatory 

response fails to resolve, and a dysregulated chronic 

inflammation ensues, which destroys the supporting 

connective tissues surrounding the teeth. Destructive 

process in periodontitis is caused by an imbalance of 

homeostasis between degradative enzymes such as the 

lysosomal cysteine proteinases, Cathepsins, and their 

inhibitors. Cystatin C (CSTC) is a physiologically active 

antimicrobial protein well recognized due to its inhibitory 

potential against lysosomal enzymes and cysteine 

proteinases, which are major contributors of periodontal 

disease. This review summarises the role of CSTC in 

periodontal health and disease. 

Keywords: Cystatin C, gingival crevicular fluid, Saliva, 

serum, Biomarker, chronic periodontitis, gingivitis. 

Introduction 

Periodontitis is a chronic multifactorial disease 

characterized by an inflammation of the periodontal tissue, 

which is associated with intricate interactions of the 

biofilm with the host immunoinflammatory response and 

subsequent alterations in bone and connective tissue 

homeostasis,1 resulting in irreversible loss of connective 

tissue attachment and supporting alveolar bone.2 

Substances produced by the subgingival bacterial flora 

and the tissue during inflammation and immune reactions 

affects the bone turnover by inhibition of bone formation 

by osteoblasts or differentiation and stimulation of 

osteoclasts, which originate from monocytic precursors of 
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the hematopoietic lineage by stimulation with the RANKL 

and macrophage colony-stimulating factor.3  

Proteolytic processes are known to be critical in 

osteoclastic bone resorption. Degradation of bone matrix 

proteins is initiated by lysosomal proteinases and cysteine 

proteases secreted from osteoclasts into the bone 

resorption lacunae and then is continued and completed in 

the intracellular endosomal/lysosomal system.4  

Cathepsin K (CSTK) a predominant effector in 

osteoclastic bone resorption is mainly derived from 

osteoclasts, hence its used as a well-known marker of 

osteoclast activity. It plays a key role in bone remodeling 

and cartilage breakdown, contributing to osteoclastic bone 

destruction in periodontal disease.5 Destructive process in 

periodontitis is caused by an imbalance of the homeostasis 

between these degradative enzymes and their inhibitors, 

such as cystatins. 

The cystatins are a family of cysteine protease inhibitors 

which is said to mainly inhibit protease enzymes 

belonging to peptidase families C1 (papain family) and 

C13 (legumain family). They could play a protective and 

regulatory role under inflammatory conditions.6 Cystatin C 

(CSTC) belongs to the type - 2 cystatin gene (CST3) 

family. It is a potent inhibitor of lysosomal proteinases 

and is one of the most important extracellular inhibitors of 

cysteine proteases thereby preventing the breakdown of 

proteins outside the cell. 

The levels of Cystatin C have been studied in saliva and 

GCF and observed that Cystatin C increases with 

periodontal disease progression and decreases after 

treatment. Similarly, increased concentrations of Cystatin 

S and Cystatin C were detected in whole saliva in both 

gingivitis and periodontitis subjects in comparison with 

healthy subjects.7,8 In contrast to the above-mentioned 

studies, decreased levels of Cystatin C were reported in 

total saliva and gingival crevicular fluid (GCF) in patients 

with gingivitis. Additionally, Salivary cystatin C levels 

were highest in periodontal health when compared to 

periodontitis patients. Thus, the role of Cystatin C as a 

biomarker in periodontal diseases is controversial.9,10 

Further, Cystatin C protein expression studies in gingival 

tissue have revealed that expression of Cystatin C is 

higher in cyclosporine A - induced gingival overgrowth 

specimens when compared to healthy gingival tissues. In 

contrast, significantly lower expression of Cystatin C was 

seen in gingival tissue samples from the sites with greater 

probing depth.11,12 Thus, based on the above literature 

evidence, the role of CSTC in periodontal health and 

disease is still controversial. 

Cystatin C 

CSTC was initially described as 'gamma-trace' in 1961 as 

a trace protein together with other ones in cerebrospinal 

fluid and in urine of patients with renal failure. Its amino 

acid sequence was first reported by Grubb and Löfberg.16 

It is formerly been called in names like gamma trace, post-

gamma-globulin, or neuroendocrine basic polypeptide. It 

is protein encoded by the CST3 gene and belongs to the 

type 2 cystatin gene family. In humans, all cells with a 

nucleus produces cystatin C as a chain of 120 amino acids. 

It is virtually found in all tissues and body fluids. CSTC is 

a potent inhibitor of lysosomal proteinases and is an 

important extracellular inhibitor of cysteine proteases. 

CSTC is mainly used as a biomarker of kidney 

function.Molecular biology of CST3 geneThe type 2 

cystatin genes and pseudogenes where majorly found in 

the cystatin locus on the short arm of chromosome 20. The 

CST3 gene is located in the cystatin locus and comprises 3 

exons, spanning 4.3 kilo-base pairs and it encodes the 

most of the extracellular inhibitor of cysteine proteases. 

CSTC is found in high concentrations in all biological 

fluids and is also expressed in mostly all organs of the 

body, hence acts as a housekeeping gene. The highest 
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levels are found in semen, followed by breastmilk, tears 

and saliva.Cystatin C is a non-glycosylated, basic protein 

with an isoelectric point at pH 9.3. The crystal structure of 

cystatin C is comprised by a short alpha helix and a long 

alpha helix that lies across a large antiparallel, five-

stranded beta sheet. Like all the other type 2 cystatins, 

CSTC also has two disulfide bonds and around 50% of the 

molecules carries a hydroxylated proline. CSTC forms 

molecule pairs by exchanging the subdomains; in the 

paired state and each half is made up of a long alpha helix, 

one beta strand of one partner and four beta strands of the 

other partner. 

Role of Cathepsin K in periodontal disease 

Cathepsin K (CTSK) is a lysosomal cysteine protease that 

belongs to the peptidase C1 protein gene family. It is 

encoded by the CTSK gene and is defined by its high 

specificity for kinins.                      

Periodontitis is characterized by loss of hard and soft 

tissue changes such as attachment loss and destruction of 

the periodontal ligaments. After demineralization, the 

major proteolytic osteoclast enzyme cathepsin K degrades 

the type I collagen-rich organic bone matrix.13  

Studies by Garg et al, 2009; Yamalik et al, 2011 states that 

GCF-cathepsin K values are higher in periodontitis than in 

healthy controls,14,15 also scaling and root planing in 

patients with periodontitis lowers or even normalizes the 

cathepsin K values in GCF.14 Statistically significant 

correlations have been found between GCF values of 

cathepsin K, RANKL and alveolar osteolysis.15 Also, 

there was a positive correlation between cathepsin-K and 

RANKL levels, suggesting that both of them contribute to 

osteoclastic bone destruction in periodontal disease.5 

CSTC in periodontal health and disease 

Cystatin C is a cysteine protease inhibitor and an anti-

inflammatory factor. It acts as a regulator of endogenous 

cysteine proteinases which are secreted or 

leaked from the lysosomes of dying or diseased cells. 

Exogenous CSTC downregulates cathepsin K, which as 

discussed before is one of the cysteine proteinases that is 

mainly expressed by osteoclasts and plays an important 

role in alveolar bone resorption.20 Its level increases in 

patients with periodontitis, and it is known as a marker for 

the assessment of the activity of osteoclasts in periodontal 

disease.14 Increase in the level of Cathepsin K leads to 

increased Cystatin C level as a marker to regulate the 

activity of this enzyme.20 

Henskens et al.7 found that CSTC levels were not present 

in GCF samples. He stated that increased concentrations 

of Cystatin C were detected in whole saliva in both 

gingivitis and periodontitis subjects when compared to 

healthy subjects. Similarly, in a study by Anuj Sharma et 

al.21 the mean concentration of cystatin C in GCF and 

serum was higher in periodontitis group when compared 

to periodontally healthy subjects with intermediate 

concentration in gingivitis group. CSTC concentration in 

GCF and serum increased proportionally with the severity 

of periodontal disease and decreased after treatment, 

suggesting that CSTC increases with disease progression 

to prevent further degeneration of periodontium and 

decreases after treatment due to bone metabolic 

homeostasis.  

Decrease in the level of CSTC in periodontitis patients 

after non-surgical periodontal therapy was further 

confirmed by studies conducted by Graziani et al.22,23 

stating that the serum CSTC levels reduced significantly 

from baseline to 180 days after non-surgical periodontal 

therapy. 

In contrast the above-mentioned studies, a study by Evren 

Ulker et al.9 conducted in children’s aging from 11 to 16 

years, stated that both the salivary and GCF cystatin C 

levels were higher in periodontally healthy children’s than 

children with gingivitis.  

https://en.wikipedia.org/wiki/Gene
https://en.wikipedia.org/wiki/Kinin
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Similarly, a study by Skaleric et al.12 reported that CSTC 

concentrations were significantly lower in gingival tissue 

samples taken from the sites with greater probing depth in 

subjects with inflamed gingiva when compared to healthy 

subjects. Also, in a study by Aditishrikrishnadhage et al.10 

Salivary cystatin C levels were highest in periodontal 

healthy subjects when compared to periodontitis patients 

and salivary CSTC levels were slightly greater in smokers 

when compared to non-smokers with chronic 

periodontitis. Patients with aggressive periodontitis 

exhibited remarkably low levels of salivary cystatin C 

with a negative correlation to all the clinical parameters. 

Considering the above-mentioned studies, the CSTC 

levels in serum, GCF, saliva and tissue samples in various 

levels of periodontal disease and health are still 

controversial. Hence the role of CSTC, whether a 

protective or destructive marker in the pathogenesis of 

periodontal disease still remains questionable. 

Discussion 

Periodontitis is a multifactorial disease associated with a 

specific group of indigenous oral bacteria mainly the 

gram-negative bacteria. Inflammation and bone loss being 

the hallmarks of periodontal diseases are primarily 

associated with proteolytic actions carried out by enzymes 

such as cathepsins derived from both host and microbes. 

(1)(2) 

Cathepsin K, a cysteine protease mainly derived from 

osteoclasts play a major role in the destruction of 

periodontium by osteoclastic activity. In health under 

normal physiologic conditions, the proteolytic activity of 

these enzymes such be tightly controlled at several levels. 

Disturbance in the regulation CSTK leads to uncontrolled 

release of proteinases that aggravates the chronic 

inflammatory condition, thereby resulting in autolysis and 

tissue destruction observed in periodontitis. (5) 

Cystatin C, an inhibitor of cysteine protease regulates 

proteolytic enzymes such as cathepsin K, B, H and L in 

periodontal disease. CSTC plays a m major role in tissue 

remodeling by inhibiting this collagen degrading 

cathepsins and down regulating the protease activity. It 

was initially used as a marker of renal function to assess 

the GFR. Later its role as a marker of inflammation was 

studied in patients with liver disease, thyroid disorders, 

cardiovascular diseases and neurovascular diseases like 

Alzheimer’s disease.  

The role of Cystatin C in the pathogenesis of periodontal 

diseases has been widely studied by many authors by 

assessing their values in bodily fluids such as serum, GCF, 

saliva and tissue sample during periodontal health and at 

various levels of periodontal disease. 

During the period of 1993 to 1996, Henskens et al. did a 

group of studies on subjects on with healthy periodontium 

and periodontitis subjects to evaluate the source of CSTC 

other than plasma and its level in the GCF and saliva. 

Results stated that the salivary levels of CSTC was higher 

in patients with chronic periodontitis when compared with 

healthy subjects and also that cystatin C could not be 

detected in GCF samples.(7)(24)(25) Furthermore, it was also 

noted that the salivary CSTC levels in chronic 

periodontitis subjects reduced  after non-surgical 

periodontal treatment.  

In 2010, Graziani F et al. (22)(23) studied the serum levels of 

CSTC in subjects with CP before and after non-surgical 

and surgical periodontal treatment and the results stated 

that there was a significant decline in the serum levels of 

CSTC following periodontal treatment. The reason behind 

the reduction in serum CSTC levels after non-surgical 

periodontal therapy was considered as the systemic acute-

phase inflammatory response that was triggered by the 

inflammatory markers from periodontal disease which 
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further leads to increased levels of acute phase proteins 

that affect function of renal system.   

In 2012, Anuj Sharma et al. (21) carried out a study to 

explore the GCF and serum cystatin C concentration with 

severity of periodontal disease on a total of 30 subjects 

and results stated that the concentration of CSTC 

increased from periodontal health to chronic periodontitis 

and subsequently decreased after non-surgical periodontal 

therapy in both GCF and serum samples.  

Unlike the study by Graziani F et al, this study indicates 

that during the transformation from periodontal health to 

disease, the production of CSTC increases in local 

periodontal tissue as a protective marker and transfers 

over to the serum leading to elevation of serum CSTC and 

after non-surgical periodontal therapy, local inflammatory 

components subside owing to reduction in CSTC levels in 

periodontal tissues and so in serum. This study also states 

that the use of filter paper strip for collection of GCF and 

immunoblotting technique used for CSTC detection in 

Henskens et al. study can be the reason for not detecting 

CSTC in GCF samples and they have overcome these by 

using microcapillary pipettes for GCF collection and 

detection of CSTC by using sensitive ELISA kits. 

       A study by Mohammad Hassan Najafi Neshli et al. (26) 

stated that the level of cystatin C in the female group was 

significantly higher in periodontitis patients, whereas in 

the male group there was no significant difference and 

suggested that the lower periodontal destruction in female 

group could be due to the higher level of cystatin C.  

In contrary to the above-mentioned studies, Skaleric U et 

al. (12) in his study on 22 patients with varying degrees of 

periodontal disease stated that there was decreased levels 

of Cystatin C present in the inflamed human gingiva of 

patients with CP when compared to that of healthy 

gingiva.  

Similarly, Evren Ulker et al. (9) stated that in total saliva 

and GCF, the levels of cystatin-C were higher in 

periodontally healthy children when compared to that of 

children with gingivitis.  

Recently in a study by Aditishrikrishnadhage et al. (10) in 

2014, conducted to assess the severity of periodontal 

disease based on cystatin C levels in saliva, highest levels 

of salivary cystatin C levels was found in periodontal 

health when compared to patients with CP and aggressive 

periodontitis. It was also stated that the lower salivary 

cystatin C levels in periodontitis could be due to tissue 

pathology attributable to the persistence of unopposed 

proteolysis. 

Based on the studies mentioned above, the role of cystatin 

C in the pathogenesis of periodontal disease is still 

conflicting and lacks a clear perspective on whether it is 

protective marker or destructive marker in periodontal 

disease. Studies state that recombinant human CSTC also 

inhibits cysteine proteinases like papain with same 

efficiency as that of natural CSTC, (27) thus, in future 

paving a way for novel therapies in periodontal disease. 

Conclusion 

Based on the above literature evidence, it has been proved 

that Cystatin C has a significant role in periodontal health 

and disease. The concentration of Cystatin C in GCF, 

saliva, serum and tissue samples increased proportionally 

with the severity of periodontal disease and subsequently 

reduced after non-surgical periodontal treatment in most 

of the studies. Still, some studies provide conflicting data 

stating that it CSTC levels were higher in healthy 

periodontium in comparison with periodontal disease. 

Studies have also proposed that an enzyme called 

peptidyldiazomethane, that mimicks a part of the proposed 

substrate like-binding region of Cystatin C, portrays an 

irreversible inhibition of papain and Streptococcal 

cysteine proteinase and also appears to have a potential to 
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act as an antimicrobial drug. The role of Cystatin C as an 

inhibitory biomarker of osteoclastic activity can be 

explored in future as a potential therapeutic target in 

treatment of periodontal disease. Further, longitudinal 

studies involving larger population, meta analyses, genetic 

studies exploring the gene polymorphisms of CST3 gene 

are needed to better understand and confirm its role in the 

pathogenesis of periodontal diseases. 
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