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Introduction

Easily collected and containing local and systemic-derived biomarkers, oral fluids may offer 

the basis for patient-specific diagnostic tests for periodontal disease. Gingival crevicular 

fluid (GCF) is a physiological fluid as well as an inflammatory exudate originating from the 

gingival plexus of blood vessels in the gingival corium, subjacent to the epithelium lining of 

the dentogingival space. The presence of fluid in the gingival crevice has been described 

since the nineteenth century (11, 66). Waerhaug’s classic studies further described its 

composition and flow in response to periodontal diseases (74, 75). Originally, most 

investigators classified GCF as an inflammatory exudate (18). However, there is evidence to 

suggest that GCF from clinically normal tissue is an altered serum transudate that only 

becomes an inflammatory exudate when disease is clinically present (76). The recognition in 

the last decade that neutrophils migrate into the periodontal crevice even in health tends to 

obfuscate the characterization of GCF as an inflammatory exudate vs a physiologic 

transudate. Furthermore, it is clear that the composition of the GCF differs in terms of 

microbial composition and the concentration and composition of molecular biomarkers 

when one compares healthy sites from diseased individuals vs healthy sites from 

periodontally healthy individuals. Additionally, there are clear changes in GCF composition 

during disease progression and certain mediators can be used to predict future patient-based 

or site based disease outcomes. Taken together the findings suggest that the composition of 

GCF can potentially be used to detect subclinical alterations in tissue metabolism, 

inflammatory cell, recruitment and connective tissue remodeling. Currently, most medical 

fields are searching for useful biological diagnostic markers that can indicate the presence of 

a disease process before extensive clinical damage has occurred. GCF is composed of serum 

and locally generated components such as tissue breakdown products, inflammatory 

mediators and antibodies in response to oral microorganisms present in the dental biofilm 

thus it offers great potential to reflect the response that the cells and periodontal tissues 

promote to attempt regaining homeostasis and also how certain periodontopathogens co-opt 

these response mechanisms to promote bacterial survival within the gingival crevice and 

pocket. The aim of this review is to describe the historic evolution of GCF as a diagnostic 

marker for periodontal disease and its current application to diagnose and predict 

periodontal disease activity.
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Although the importance of GCF has been recognized for decades, historically the origin 

and function of this fluid has been a subject of controversy. Most of the controversy relied 

on whether this fluid is the result of a physiological or pathological process. Early 

investigations demonstrated that GCF is present in the healthy gingival tissues (6, 15, 22). 

However, Loe & Holm-Pedersen reported that healthy gingival crevices do not exhibit GCF 

flow (52). The authors suggested that GCF is an inflammatory exudate, but if it is present 

prior to clinically detectable signs of inflammation, it would appear to be derived from 

healthy gingival tissues. Although the GCF has an ionic composition comparable to an 

inflammatory exudate (45), its protein composition is considerably lower for an 

inflammatory exudate (76). In 1974, Alfano described a theory related to the origin of GCF 

(1). The theory is based on the premise that GCF arises from two distinct mechanisms: the 

generation of a standing osmotic gradient, and the initiation of classical inflammation. The 

gingival crevicular fluid originates from the vessels of the gingival plexus of blood vessels 

and flows through the external basement membrane and the junctional epithelium to reach 

the gingival sulcus. It has been shown that GCF can be isolated from a healthy sulcus, 

although only in small amounts. In the healthy periodontium, GCF represents the transudate 

of gingival tissue interstitial fluid produced by an osmotic gradient (figure 1) However, 

leukocytic infiltrates are seen throughout the junctional epithelium and PMNs can always be 

found in the sulcus, even in clinically healthy situations where the flow of GCF is relatively 

low (5).

Transepithelial Fluid Dynamics

During the early investigations about the origin of gingival fluid, several processes were 

postulated to explain how fluid might be transported across epithelial membranes, including 

theories of hydrostatic filtration, active transport and classical osmosis (9). Diamond and 

Tormey proposed a model for fluid transport based on the observation on the morphological 

changes occurring during in vitro transport of water across bladder gallbladder epithelium 

(20). Basically, it was noted that in conditions where water transport was maximal, the 

intercellular spaces were widely distended and conversely when water transport was 

partially inhibited, intercellular spaces were restricted. Diamond and Tormey postulated in 

1966 that there was a standing osmotic gradient within the intercellular spaces and that 

osmotic equilibrium was reached as water is osmotically pulled across the cell membrane 

(20).

In the discussion of the osmotic gradient model into intercellular spaces of inflamed gingival 

tissues, transport fluid would be intensified. Tolo in 1971 suggested that ATPase present in 

certain segments of epithelial cell membranes could be an indicative of active transport of 

solute molecules (72). However, transcriptome studies have indicated that many solute 

transport proteins are expressed in the tissues and many of these are upregulated in 

inflammation (19, 35, 36).

In search for a model of gingival flow that would incorporate modulation by subgingival 

plaque, Tolo and also Schwartz, Stinson and Parker performed studies using radiolabeled 

macromolecules traced by autoradiography through the sulcular epithelium showing that 

basement membrane could restrict the passage of the label (65, 73). Therefore in the 
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gingivitis model as bacterial byproducts accumulate at the basement membrane, a standing 

osmotic gradient is generated and the flow of gingival fluid was initiated. There was also a 

discussion that this initial process corresponded to osmotically modulated, pre-inflammatory 

exudate. The progression to a “secondary inflammatory exudate” was also previously 

described by Weinstein et al. based on the protein/calcium ratio that increases markedly in 

fluid from normal, mildly inflamed and inflamed gingival tissues (76).

The flow of fluid into the gingival crevice is typical of inflammation and accompanied by an 

increase in cellular infiltrate. Neutrophils, which are considered to be the major cellular 

defense system in the gingival crevice, leave the capillary network in the underlying 

connective tissue and migrate through the junctional epithelium into the crevicular space, 

where they accumulate at the interface of the subgingival plaque and the gingival epithelium. 

This migration occurs along with chemotactic gradients established by both bacterial 

components and activated host messengers. Approximately 75–80% of neutrophils isolated 

from the GCF are viable cells and it would appear that crevicular neutrophils are capable of 

ingesting and killing microorganisms and utilize their armamentarium of antibacterial 

molecules. However the neutrophil functional capability at sulcular/pocket 

microenvironment is still a controversial topic. Nonetheless, the presence of an IL-8 gradient 

in health that serves to recruit neutrophils into the crevice coupled with the observation that 

the junctional epithelium lacks tight junctions suggests that neutrophil egress into the crevice 

in health is a physiological process that likely results in concomitant fluid flow. One could 

argue that neutrophils in the crevice are part of the physiology of health maintenance and not 

truly an inflammatory response.

In evaluating the pathogenesis of periodontal diseases, the initial signs of disease are visible 

in the marginal gingiva displaying clinical changes indicative of inflammation concurrent 

with an apical advancement of plaque formation and an increase in plaque mass. As an 

initial host response to bacterial plaque, an increase in the vascular permeability of the 

subepithelial blood vessels can be observed, allowing the escape of plasma from the 

circulation, leading to gingival edema. As this fluid escapes into the gingival crevice, via the 

junctional epithelium, it results in increased crevicular fluid flow (62). It has been 

demonstrated that in experimental gingivitis with induced inflammation promoted for a 

period of 3 weeks, the GCF flow increase was 5.5-fold during the 21 days period (43). Thus, 

classically the amount of GCF that flows into the crevice or pocket in terms of volume per 

unit of time is associated with the tissue inflammatory response.

During the inflammatory state, numerous cells and inflammatory factors such as cytokines, 

proteins, proteinases, phosphatases and local tissue degradation products are released in the 

crevicular fluid. The GCF content becomes a mixture of molecules originated from the 

blood, host tissues and subgingival biofilm, including electrolytes, small organic molecules, 

proteins, cytokines, specific antibodies, bacterial antigens, and enzymes of both host and 

bacterial origin. This composition clearly indicates that the epithelium lining of the gingival 

sulcus was permeable to small molecular weight compounds and that the passage of tissue 

fluid into the sulcus and pockets acts as a possible defense mechanism that may play an 

important role in the homeostasis of the crevicular environment (44) but also interferes with 

biofilm colonization as the disease progresses. Many studies have now confirmed that one of 
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the initial events of tissue inflammation is an increase in fluid filtration from capillaries to 

interstitium, which may be due to increased Starling forces across the capillary walls and 

increase in vascular permeability or vasodilation, with consequent net fluid movement and 

elevation in the interstitial hydraulic pressure (33, 48, 49, 51, 63).

Dynamics of the Gingival Crevicular Fluid composition and development of 

Periodontal Disease

The development of periodontitis is associated with a rise in pH in the gingival sulcus to 

around 8.5, and this is thought to occur by the bacterial degradation of proteins supplied by 

GCF to produce NH4, assacharolytic subgingival bacteria utilize proteins as primary 

nutrients and produce NH4 as a by-product, which serves to promote the precipitation of 

calcium salts from the GCF or saliva resulting in the promotion of calculus formation 

subgingivally or right at the free-gingival margin. GCF has also been investigated for its 

potential function as a growth medium that can support the growth of host cells serving the 

function of serum, or in support of proliferation of periodontopathogens. Certain proteins, 

such as immunoglobulin appear to be elevated in GCF relative to serum indicating the local 

production of IgG by tissue-resident plasma cells. Other proteins, like complement proteins, 

appear to be depleted; likely due to adsorption by the local biofilm.

In the transition from a ‘healthy’ to a ‘disease-associated’ subgingival microbiota a number 

of allogenic factors play a role which includes pH, oxygen levels, temperature, osmotic 

pressure and oxidation–reduction potential and in addition, protein-based nutrients become 

available within the GCF (70). Takahashi has proposed an order of microbial succession in 

which the saccharolytic organisms, Fusobacterium nucleatum and Prevotella intermedia, 

initially colonize the shallow periodontal pocket (71). During these early stages, the pH of 

the GCF in the pocket may be acidic but the metabolism of nutrients, which corresponds 

mainly to host proteins supplied by GCF, leads to the establishment of a neutral environment 

(10). The shift towards lower pH likely is a consequence of the downward extension of 

saccharolytic bacteria which are adherent and utilize glucose to produce lactic acid. The pH 

range of the gingival sulcus has been reported to vary between 6.5 and 8.5, and increased 

pocket depth and inflammation have been associated with increased alkalinization and the 

severity of the inflammatory host response (46), likely associated with the shift to 

assacharolytic subgingival organisms. The rise in localized pH facilitates the emergence of 

acid-sensitive and more proteolytic species, such as Porphyromonas gingivalis to colonize. 

The destruction of host tissues and increased efflux of GCF caused by the proliferation of 

the so-called ‘red complex’ group of bacteria (32) leads to an increase in the fermentation of 

amino acids into organic acids producing the rise in pH above neutrality. In particular, 

ammonia produced by the metabolism of amino acids found in GCF and released by the 

breakdown of host tissues, leads to an increase in pH above 8.0, thereby promoting the 

proliferation of acid-sensitive pathogenic bacteria (10, 46).

Mediators of Periodontal Disease in Gingival Crevicular Fluid

Numerous cytokines are released from cells of the sulcular and junctional epithelia, dendritic 

cells, connective tissue fibroblasts, macrophages, and neutrophils. In addition, a number of 
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enzymes such as matrix metalloproteinases (MMPs) are produced by neutrophils, fibroblasts 

and osteoclasts, leading to the degradation of connective tissue collagen and alveolar bone. 

To date, more than 90 different components in GCF have been evaluated for periodontal 

diagnosis (53). Initially, the GCF flow monitoring (volume per unit time collected) was 

reported to reflect the clinical condition of the periodontium (27). Many studies 

demonstrated that GCF flow increases with an increase in the severity of gingival 

inflammation (14, 21, 60). With the advance of laboratory techniques, GCF has been eluted 

and analyzed extensively for host response factors, including molecules from blood, local 

host tissue, and plaque biofilm (23, 24, 28, 30, 31, 39, 57).

Matrix metalloproteinases are an important group of proteinases related to collagen 

degradation during the destructive process of periodontal disease that can be measured in 

GCF (28, 39, 40). The neutrophils are the major source of matrix metalloproteinases at the 

infected site, specifically MMP-8 and MMP-9(54). Macrophages and neutrophils, in 

response to bacterial lipopolysaccharide, are activated to produce important inflammatory 

mediators, such as TNF-α, IL-6, IL-1, and other cytokines related to the host response and 

tissue destruction (2, 56).

Among the biochemical markers for the measurement of bone homeostasis, pyridinoline 

cross-linked carboxyterminal telopeptide of type I collagen (ICTP), receptor activator of 

nuclear factor-kappa β ligand (RANKL), osteoprotegerin (OPG), and osteocalcin are the 

most studied in GCF. ICTP is a 12- to 20-kd fragment of bone type I collagen released by 

digestion with trypsin or bacterial collagenase (64). GCF pyridinoline cross-linked 

carboxyterminal telopeptide of type I collagen has been shown to be a good predictor of 

future alveolar bone and attachment loss, is strongly correlated with clinical parameters and 

putative periodontal pathogens, and demonstrates significant reductions after periodontal 

therapy (26). Pyridinoline cross-linked carboxyterminal telopeptide of type I collagen and 

osteoprotegerin have also been linked with alveolar bone loss around dental implants, 

suggesting that their local levels may help to distinguish diseased and healthy sites (4).

Gingival Crevicular Fluid as a Diagnostic Tool

Collection of GCF is non-invasive and therefore this approach has been extensively explored 

in the search for potential diagnostic biomarkers of periodontal disease (13, 17, 25, 50, 53). 

As a result of the interaction between the bacterial biofilm and the cells of the periodontal 

tissues (16), GCF appears as an attractive oral fluid due to its ease of collection and allowing 

for sampling of multiple sites within the oral cavity simultaneously.

Various methods of GCF sampling that most often include collection of GCF on paper strips 

to measure specific analytes have been reported. Most studies collect GCF using 

standardized strips of filter paper [e.g. Periopaper]. Some studies collect GCF for specific 

amounts of time; typically 30 seconds and measure the total amount of mediator collected 

on the strip by elution followed by a biomarker-specific assay, such as an enzyme linked 

immunoassay. These investigations express the level as a total mass of biomarker present. 

Multiplexing methods using immunobeads now permit the analyses of up to 100 analytes in 

a single GCF sample, which can be only 0.5 to a few microliters in total volume (67). Other 
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reports collect GCF on paper strips and measure the amount of fluid collected, typically 

using a Periotron® instrument that measures the volume of GCF collected to enable the 

computation of mediator concentration within the sample (Figure 2). Although the utility of 

either method can be argued, some discussion of the differences are noteworthy since many 

studies have looked at the association between the total amount (e.g. total level of mediator) 

or concentration of different GCF constituents, often expressed as ng/mL or pg/mL) as 

related to periodontal health status (7, 12, 29, 59). To understand the difference between the 

two methods the compartments that are sampled should be considered. First, the GCF 

volume collected reflects the sum of two compartments- the GCF void volume which is a 

resting GCF volume that is independent of flow, and the GCF flow contribution that is 

dependent upon the collection time and flow rate. The GCF resting void volume is highly 

dependent upon the pocket depth. For example as a pocket increases from 3mm to 6mm 

there is a 50% increase in the resting pocket void volume. Using a total amount method, one 

would naturally expect that in disease there is an increase in pocket depth and a concomitant 

increase in total amount of biomarker. It may or may not reflect any tissue inflammatory 

contribution, but an increase in total amount of biomarker is expected as a consequence of 

an increase in pocket void volume. Typically this void volume wicks within the first few 

seconds of collection and is therefore adsorbed quickly and depleted during the first 

sampling, if repeat samples are taken. In addition, depending on the length of time the 

sample is collected, the relative contribution of the void volume to the total volume can vary 

and therefore it will change the total amounts of mediator present. Furthermore, the pocked 

void volume will usually contain neutrophils (typically in the range of 104–106 cells), which 

are present in health and disease that can contribute to the biomarker measurement, if the 

marker is associated with neutrophils. As an example, if one samples GCF multiple times at 

the same site, the total amount of beta glucuronidase decreases rapidly with each repeated 

sample. This is consistent with the collection of fewer neutrophils on the paper strip as the 

pocket is depleted of neutrophils until the total amount reaches a lower plateau. This 

suggests that the level of beta glucouronidase present is highly dependent upon the number 

of neutrophils entering the pocket. By contrast, if one measures levels of PGE2 within the 

GCF, which is not produced by neutrophils or other cells within the pocket, the PGE2 level 

remains rather stable with repeat sampling, as it is produced within the tissues, pointing to 

the second source of GCF biomarkers- the flow of mediator from adjacent tissues. Thus, the 

level of mediator present is a function of both the resting pocket volume, which is dependent 

upon the pocket depth, and the flow from the tissues into the crevice. If one is interested in 

tissue markers of inflammation, the concentration method is preferred by some investigators, 

as it is independent of pocket depth and by comparison with adjacent tissue biopsy samples 

– seems to reflect tissue levels by diffusion from a high level within tissues to a lower level 

within the GCF compartment. This difference in sampling and data reporting should be 

considered when examining studies when values are expressed as total level of mediator 

versus concentration. The collection and storage of GCF samples are shown in Figure 2. The 

storage of GCF in liquid nitrogen has several advantages over −80C storage. Liquid nitrogen 

is colder (−196C), but more importantly it displaces dissolved oxygen in the fluid phase. 

This prevents the oxidation of the biological sample and the reaction with molecular H2O. 

As a consequence samples can be stored for decades in liquid nitrogen and remain stable, 

ungraded, unoxidized, unmodified by enzymes and available for molecular analysis.
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Host susceptibility is a critical determinant in periodontal disease pathogenesis giving the 

inflammatory mediator levels present in GCF an important value for evaluating risk for 

disease activity. In a molecular epidemiologic study, new periodontal health status 

represented by distinct biological phenotype was described based on clinical, microbial, 

inflammatory, and host-response measures (59). In a sample size of over six thousand 

patients, GCF IL-1β and IL-6 were significantly associated with deep pocket depths and 

severe gingival inflammation. The proteomic analysis of GCF in different periodontal 

conditions also demonstrates marked differences according to disease profile (69). Studies 

report that up to 432 different proteins have been identified in GCF samples (7, 38, 69). 

Among these proteins, there are proteins exclusively associated with both healthy and 

diseased sites. However, further studies with larger sample populations are needed to 

validate the role of the identified proteins in the pathogenesis of periodontal disease. The use 

of GCF alone or clustered with periodontal pathogens, serum, and saliva biomarkers 

suggests potential diagnostic value to identify periodontal disease activity and response to 

therapy. In an experimental gingivitis model, Offenbacher and co-authors reported the 

expression of 33 GCF biomarkers, including cytokines, MMPs, and adipokines, during the 

inflammatory induction and resolution phase (58). It was demonstrated that the stent-

induced gingivitis model was associated with marked, but reversible increases in IL-1α and 

IL-1β with suppression of multiple chemokines as well as selected MMPs. Silva and 

collaborators evaluated the level of GCF biomarkers, inflammatory cells, and periodontal 

pathogens associated with sites demonstrating ≥2mm attachment loss (68). The authors 

evaluated fifty-six patients with moderate or severe chronic periodontitis. Higher RANK-L, 

IL-1β, and MMP-13 were found at sites exhibiting active periodontal disease. In addition, 

the proportion of periodontal pathogens and the number of CD4 (+) T cytokines were higher 

in active sites. In another longitudinal study, Kinney and co-authors evaluated the sensitivity/

specificity and positive predictive value/negative predictive value (PPV/NPV) of GCF 

biomarkers to detect sites with disease activity (40). In this specific cohort study examining 

100 patients over a 12-month period, GCF alone provided low sensitivity and high 

specificity values, 23% and 95% respectively. Although GCF IL-1β demonstrated a 

significant difference at baseline between progressing and stable patients, it was not a good 

predictor of periodontal disease progression. Combined with plaque pathogens, GCF 

biomarkers demonstrated the highest PPV and NPV, 73% and 70% respectively.

TGF-β1 levels were also investigated by Khalaf and collaborators as potential makers for 

periodontal disease in GCF samples from 60 patients, 30 with chronic periodontal disease 

and 30 healthy subjects. The investigators found that TGF-β1 levels were significantly 

elevated in serum, saliva and GCF in patients with periodontal disease compared to controls 

(37).

More recently, with the objective to investigate potential markers in patients with diabetes 

mellitus, Kajiura et al. analyzed 78 patients to examine the levels of glycated albumin and 

calprotectin in GCF samples from individuals with or without periodontitis and DM. They 

examined the possibility that glycated albumin and calprotectin in GCF can serve as markers 

that can predict periodontitis in patients with diabetes mellitus (34). Diabetes Mellitus is 

medically diagnosed by determining glycated hemoglobin (HbA1c), glycated albumin (GA), 

and blood glucose levels. HbA1c and GA are intermediate products called Amadori 
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compounds, involved in the non-enzymatic glycation reactions of blood proteins, which 

finally change to AGEs (3). Data indicate that HbA1c and GA levels, which reflect the status 

of glycemic control, are positively correlated, and that the level of glycated albumin has 

been shown to be significantly associated with plasma glucose levels in individuals with and 

without DM in epidemiologic research (77). The authors argue that HbA1c level represents 

the mean glycemic status over the previous 2 to 3 months while GA indicates the glycemic 

condition in the short term (2 to 3 weeks) because the half-life of albumin is approximately 

17 days. GA values have been used to evaluate postprandial glycemic status and glycemic 

control after medication for DM treatment. They accurately reflect the status of glycemic 

control in patients with DM with certain diseases, including anemia, hemoglobin disorder, 

and renal failure, as well as in pregnancy, suggesting that GA can be a reliable marker to 

evaluate glycemic status in patients with DM (41). The authors report that the cutoff values 

of GA amount and concentration for a prediction of DM were 6.00 mg/site, with a 

sensitivity of 82.5% and a specificity of 66.9%, and 5.13 mg/mL GCF, with a sensitivity of 

75.2% and a specificity of 71.1%. The median GCF GA amounts in DM and non-DM 

groups were 16.12 and 3.00 mg/site, respectively, and the concentrations were 9.57 and 2.00 

mg/mL GCF suggesting that glycated albumin in GCF can serve as a marker associated with 

disease progression in diabetic patients.

Calprotectin levels were also measured in this study since it is known that neutrophils, 

monocytes/macrophages, and oral epithelial cells secrete calprotectin and its expression is 

also increased by inflammatory cytokines and Porphyromonas gingivalis LPS (47). Data 

collected from GCF samples, calibrated and diluted, reflected the infectious and 

inflammatory levels in disease showing more than a two fold increase in samples from 

patients with periodontal disease in comparison to periodontally health subjects. Based on 

these reported results, signature of GCF biomarkers in association with pathogens and 

clinical measures can provide a sensitive measure for discrimination of periodontal disease 

progression. Table 1 shows the cellular and molecular components of GCF.

Proteomic analysis of gingival crevicular fluid in search for periodontal 

disease markers

Currently, proteomic analysis of GCF is still in its infancy with limited data available in the 

literature. With the understanding that the protein composition of GCF may reflect the 

pathophysiology in the monitoring of periodontal diseases establishment and progression, 

protein profiles of GCF obtained from apparently healthy individuals are starting to be 

explored as standard GCF proteomic patterns to potentially serve as a reference to identify 

biomarkers of periodontal diseases by proteome analyses.

Zelko and collaborators analyzed GCF proteins in the GCF of periodontally healthy 

individuals using a gel free method and described proteins broken down into small peptide 

fragments and analyzed directly by LC-MS/MS analysis (78). The authors found a total 327 

GCF proteins and suggested these may be used as a reference for future proteomic studies 

searching for GCF biomarkers of periodontal diseases. The authors also reported eight 

protein spots found to be significantly more intense in GCF including superoxide dismutase 
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1 (SOD1), apolipoprotein A-I; (ApoA-I), and dermcidin (DCD) (78). The superoxide 

dismutases (SOD) are the most important line of antioxidant enzyme defense system against 

reactive oxygen species (ROS). SOD1, one of the human SOD, is also known as superoxide 

dismutase [Cu-Zn]. DCD was identified as a gene for an antimicrobial peptide DCD-1 in 

human sweat glands (55). This peptide has antimicrobial function and a range of biological 

functions and ApoA-I is the major protein component of high-densitylipoprotein (HDL) in 

plasma. ApoA-I has a specific role in lipid metabolism (42).

In search of markers to predict health or disease, Bostanci and investigators used quantitative 

proteomic analysis by LC/MS to analyze 10 GCF samples 5 healthy subjects and 5 patients 

with aggressive periodontitis. They reported that GCF proteins Cystatin-B and defensins 

were detected only in the healthy control samples and also Annexin-1 was detected in 5-fold 

higher levels in samples from periodontally health individuals. L-plastin was detected only 

in aggressive periodontitis GCFs (15.6 +/− 12.1 fmol) (12). L-plastin is an actin-bundling 

protein, exclusively expressed in leukocytes and plays a crucial role in immune-mediated 

events. This protein has been shown to be elevated also in chronic periodontitis. Its value as 

a marker for periodontal disease still needs to be further evaluated (61).

Baliban et al. aiming to use biomarker combinations to predict health or disease from GCF 

samples using high throughput proteomic analysis, described G3P_HUMAN, 

TYPH_HUMAN and KV101_HUMAN selected as human protein biomarkers for 

periodontally healthy status. G3P_HUMAN (Glyceraldehyde 3-phosphate dehydrogenase) is 

an enzyme that participates in glycolysis and serves to break down glucose for energy and 

carbon molecules. TYPH_HUMAN (Thymidine phosphorylase) is an enzyme that 

participates in purine metabolism pathway and pyrimidine metabolism pathway and is only 

found in periodontally healthy GCF samples tested. The protein KV101_HUMAN (Ig kappa 

chain V-I region AG) was observed in most of periodontally healthy samples but few of the 

periodontitis samples. The authors recommend further investigation in the functional role of 

these proteins (8). The combination of human protein biomarkers and bacterial protein 

biomarkers needs to be further validated in experiments exploring different periodontal 

conditions, as well as dynamic changes during and after periodontal treatment. So far, the 

findings indicate that advances in proteomics technology and optimization-based models for 

analysis and prediction of biomarkers can potentially contribute in developing tools to help 

predict the periodontal status of individuals based on analysis of gingival crevicular fluid 

(GCF) samples.

Concluding Remarks

GCF as a diagnostic and prognostic tool has been explored since the initial studies on GCF 

which aimed to demonstrate that the flow of gingival fluid was sufficiently indicative of the 

inflammatory state of the periodontal tissues. Research methods have evolved to enable the 

assessment of the transition phase between health and inflammation at the gingival level to 

disease progression. More recently, metabolomic analyses that measure small degradation 

molecules associated with host and bacterial metabolism show promise. There may be many 

different cytokine inflammatory pathways or microbial stimuli that are associated with the 

causal pathway of periodontal pathogenesis. However, these pathways likely converge to 
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similar profiles of metabolites. For example, one microbial community structure may induce 

specific inflammatory signatures whereas another dysbiotic microbial community might 

induce a different inflammatory signature. Differences in host genetics may also dictate 

microbial colonization or inflammatory signatures adding to the heterogeneity of the 

potential causal pathways. However, small molecules that reflect the virulence of the 

dysbiotic community and the intermediary or final end-points of host tissue breakdown are 

likely to be common effector pathways of disease pathogenesis. Thus, metabolomic analyses 

of GCF that measures microbial and host interactions associated with the onset and 

progression of periodontal disease has the potential utility to expand our understanding and 

improve the landscape for the discovery of diagnostic, prognostic and therapeutic markers.

References

1. Alfano MC. The origin of gingival fluid. J Theor Biol. 1974; 47:127–136. [PubMed: 4617812] 

2. Amar S, Oyaisu K, Li L, Van Dyke T. Moesin: a potential LPS receptor on human monocytes. J 
Endotoxin Res. 2001; 7:281–286. [PubMed: 11717582] 

3. Anguizola J, Matsuda R, Barnaby OS, Hoy KS, Wa C, DeBolt E, Koke M, Hage DS. Review: 
Glycation of human serum albumin. Clin Chim Acta. 2013; 425:64–76. [PubMed: 23891854] 

4. Arikan F, Buduneli N, Lappin DF. C-telopeptide pyridinoline crosslinks of type I collagen, soluble 
RANKL, and osteoprotegerin levels in crevicular fluid of dental implants with peri-implantitis: a 
case-control study. Int J Oral Maxillofac Implants. 2011; 26:282–289. [PubMed: 21483881] 

5. Attstrom R, Egelbert J. Presence of leukocytes within the gingival crevices during developing 
gingivitis in dogs. J Periodontal Res. 1971; 6:110–114. [PubMed: 4255218] 

6. Bader HI, Goldhaber P. The passage of intravenously administered tetracycline in the gingival sulcus 
of dogs. J Oral Ther Pharmacol. 1966; 2:324–329. [PubMed: 5933888] 

7. Baliban RC, Sakellari D, Li Z, DiMaggio PA, Garcia BA, Floudas CA. Novel protein identification 
methods for biomarker discovery via a proteomic analysis of periodontally healthy and diseased 
gingival crevicular fluid samples. J Clin Periodontol. 2012; 39:203–212. [PubMed: 22092770] 

8. Baliban RC, Sakellari D, Li Z, Guzman YA, Garcia BA, Floudas CA. Discovery of biomarker 
combinations that predict periodontal health or disease with high accuracy from GCF samples based 
on high-throughput proteomic analysis and mixed-integer linear optimization. J Clin Periodontol. 
2013; 40:131–139. [PubMed: 23190455] 

9. Berridge, MJ.; O, JL. Transporting Epithelia. Academic Press; 1972. 

10. Bickel M, Cimasoni G. The pH of human crevicular fluid measured by a new microanalytical 
technique. J Periodontal Res. 1985; 20:35–40. [PubMed: 3156233] 

11. Black, GV. Special Dental Pathology. 2. Medico-Dental Publishing Co.; Chicago: 1920. 

12. Bostanci N, Heywood W, Mills K, Parkar M, Nibali L, Donos N. Application of label-free absolute 
quantitative proteomics in human gingival crevicular fluid by LC/MS E (gingival exudatome). J 
Proteome Res. 2010; 9:2191–2199. [PubMed: 20205380] 

13. Bostanci N, Ilgenli T, Emingil G, Afacan B, Han B, Toz H, Atilla G, Hughes FJ, Belibasakis GN. 
Gingival crevicular fluid levels of RANKL and OPG in periodontal diseases: implications of their 
relative ratio. J Clin Periodontol. 2007; 34:370–376. [PubMed: 17355365] 

14. Brill NB, H. Passage of tissue fluid into human gingival pockets. Acta Odontol Scand. 1959; 
17:11–21.

15. Brill N, K B. The passage of tissue fluid into the clinically healthy gingival pocket. Acta Odontol 
Scand. 1958; 16:233–245.

16. Champagne CM, Buchanan W, Reddy MS, Preisser JS, Beck JD, Offenbacher S. Potential for 
gingival crevice fluid measures as predictors of risk for periodontal diseases. Periodontol 2000. 
2003; 31:167–180. [PubMed: 12657001] 

Barros et al. Page 10

Periodontol 2000. Author manuscript; available in PMC 2016 August 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



17. Chen HY, Cox SW, Eley BM. Cathepsin B, alpha2-macroglobulin and cystatin levels in gingival 
crevicular fluid from chronic periodontitis patients. J Clin Periodontol. 1998; 25:34–41. [PubMed: 
9477018] 

18. Cimasoni G. The crevicular fluid. Monogr Oral Sci. 1974; 3:1–122. [PubMed: 4600951] 

19. Demmer RT, Behle JH, Wolf DL, Handfield M, Kebschull M, Celenti R, Pavlidis P, Papapanou PN. 
Transcriptomes in healthy and diseased gingival tissues. J Periodontol. 2008; 79:2112–2124. 
[PubMed: 18980520] 

20. Diamond JM, Tormey JM. Role of long extracellular channels in fluid transport across epithelia. 
Nature. 1966; 210:817–820. [PubMed: 5334988] 

21. Egelberg J. Gingival exudate measurements for evaluation of inflammatory changes of the gingiva. 
Odont Rev. 1964; 15:381–398.

22. Egelberg J. Cellular Elements in Gingival Pocket Fluid. Acta Odontol Scand. 1963; 21:283–287. 
[PubMed: 14057538] 

23. Engebretson SP, Grbic JT, Singer R, Lamster IB. GCF IL-1beta profiles in periodontal disease. J 
Clin Periodontol. 2002; 29:48–53. [PubMed: 11846849] 

24. Estreicher A, Broggiato A, Duroux P, Andersen E, Cimasoni G. Low molecular-weight proteins in 
human gingival crevicular fluid. Arch Oral Biol. 1996; 41:733–738. [PubMed: 9022910] 

25. Fine DH, Markowitz K, Fairlie K, Tischio-Bereski D, Ferrandiz J, Godboley D, Furgang D, 
Gunsolley J, Best A. Macrophage inflammatory protein-1alpha shows predictive value as a risk 
marker for subjects and sites vulnerable to bone loss in a longitudinal model of aggressive 
periodontitis. PLoS One. 2014; 9:e98541. [PubMed: 24901458] 

26. Giannobile WV. C-telopeptide pyridinoline cross-links. Sensitive indicators of periodontal tissue 
destruction. Ann N Y Acad Sci. 1999; 878:404–412. [PubMed: 10415744] 

27. Golub LM, Kleinberg I. Gingival crevicular fluid: a new diagnostic aid in managing the periodontal 
patient. Oral Sci Rev. 1976:49–61. [PubMed: 10541] 

28. Golub LM, Lee HM, Greenwald RA, Ryan ME, Sorsa T, Salo T, Giannobile WV. A matrix 
metalloproteinase inhibitor reduces bone-type collagen degradation fragments and specific 
collagenases in gingival crevicular fluid during adult periodontitis. Inflamm Res. 1997; 46:310–
319. [PubMed: 9297576] 

29. Goodson JM. Gingival crevice fluid flow. Periodontol 2000. 2003; 31:43–54. [PubMed: 12656995] 

30. Grbic JT, Lamster IB, Fine JB, Lam KS, Celenti RS, Herrera-Abreu M, Singer RE. Changes in 
gingival crevicular fluid levels of immunoglobulin A following therapy: association with 
attachment loss. J Periodontol. 1999; 70:1221–1227. [PubMed: 10534077] 

31. Gustafsson A, Asman B, Bergstrom K. Elastase and lactoferrin in gingival crevicular fluid: 
possible indicators of a granulocyte-associated specific host response. J Periodontal Res. 1994; 
29:276–282. [PubMed: 7932021] 

32. Holt SC, Ebersole JL. Porphyromonas gingivalis, Treponema denticola, and Tannerella forsythia: 
the “red complex”, a prototype polybacterial pathogenic consortium in periodontitis. Periodontol 
2000. 2005; 38:72–122. [PubMed: 15853938] 

33. Jacob M, Chappell D. Reappraising Starling: the physiology of the microcirculation. Curr Opin 
Crit Care. 2013; 19:282–289. [PubMed: 23743590] 

34. Kajiura Y, Bando M, Inagaki Y, Nagata T, Kido J. Glycated albumin and calprotectin levels in 
gingival crevicular fluid from patients with periodontitis and type 2 diabetes. J Periodontol. 2014; 
85:1667–1675. [PubMed: 25126693] 

35. Kebschull M, Demmer RT, Grun B, Guarnieri P, Pavlidis P, Papapanou PN. Gingival tissue 
transcriptomes identify distinct periodontitis phenotypes. J Dent Res. 2014; 93:459–468. 
[PubMed: 24646639] 

36. Kebschull M, Guarnieri P, Demmer RT, Boulesteix AL, Pavlidis P, Papapanou PN. Molecular 
differences between chronic and aggressive periodontitis. J Dent Res. 2013; 92:1081–1088. 
[PubMed: 24122488] 

37. Khalaf H, Lonn J, Bengtsson T. Cytokines and chemokines are differentially expressed in patients 
with periodontitis: possible role for TGF-beta1 as a marker for disease progression. Cytokine. 
2014; 67:29–35. [PubMed: 24680479] 

Barros et al. Page 11

Periodontol 2000. Author manuscript; available in PMC 2016 August 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



38. Kido J, Bando M, Hiroshima Y, Iwasaka H, Yamada K, Ohgami N, Nambu T, Kataoka M, 
Yamamoto T, Shinohara Y, Sagawa I, Nagata T. Analysis of proteins in human gingival crevicular 
fluid by mass spectrometry. J Periodontal Res. 2012; 47:488–499. [PubMed: 22220998] 

39. Kinane DF, Darby IB, Said S, Luoto H, Sorsa T, Tikanoja S, Mantyla P. Changes in gingival 
crevicular fluid matrix metalloproteinase-8 levels during periodontal treatment and maintenance. J 
Periodontal Res. 2003; 38:400–404. [PubMed: 12828657] 

40. Kinney JS, Morelli T, Oh M, Braun TM, Ramseier CA, Sugai JV, Giannobile WV. Crevicular fluid 
biomarkers and periodontal disease progression. J Clin Periodontol. 2014; 41:113–120. [PubMed: 
24303954] 

41. Koga M, Kasayama S. Clinical impact of glycated albumin as another glycemic control marker. 
Endocr J. 2010; 57:751–762. [PubMed: 20724796] 

42. Kontush A, Chapman MJ. Antiatherogenic small, dense HDL–guardian angel of the arterial wall? 
Nat Clin Pract Cardiovasc Med. 2006; 3:144–153. [PubMed: 16505860] 

43. Kowashi Y, Jaccard F, Cimasoni G. Sulcular polymorphonuclear leucocytes and gingival exudate 
during experimental gingivitis in man. J Periodontal Res. 1980; 15:151–158. [PubMed: 6445977] 

44. Krasse B. Serendipity or luck: stumbling on gingival crevicular fluid. J Dent Res. 1996; 75:1627–
1630. [PubMed: 8952613] 

45. Krasse B, Egelberg J. The relative proportions of sodium, potassium and calcium in gingival 
pocket fluid. Acta Odontol Scand. 1962; 20:143–152. [PubMed: 14459378] 

46. Kung RT, Ochs B, Goodson JM. Temperature as a periodontal diagnostic. J Clin Periodontol. 1990; 
17:557–563. [PubMed: 2212085] 

47. Lee MJ, Lee JK, Choi JW, Lee CS, Sim JH, Cho CH, Lee KH, Cho IH, Chung MH, Kim HR, Ye 
SK. Interleukin-6 induces S100A9 expression in colonic epithelial cells through STAT3 activation 
in experimental ulcerative colitis. PLoS One. 2012; 7:e38801. [PubMed: 22962574] 

48. Levick JR. Revision of the Starling principle: new views of tissue fluid balance. J Physiol. 2004; 
557:704. [PubMed: 15131237] 

49. Levick JR, Michel CC. Microvascular fluid exchange and the revised Starling principle. Cardiovasc 
Res. 2010; 87:198–210. [PubMed: 20200043] 

50. Lin SJ, Chen YL, Kuo MY, Li CL, Lu HK. Measurement of gp130 cytokines oncostatin M and 
IL-6 in gingival crevicular fluid of patients with chronic periodontitis. Cytokine. 2005; 30:160–
167. [PubMed: 15863389] 

51. Lipowsky HH, Gao L, Lescanic A. Shedding of the endothelial glycocalyx in arterioles, capillaries, 
and venules and its effect on capillary hemodynamics during inflammation. Am J Physiol Heart 
Circ Physiol. 2011; 301:H2235–2245. [PubMed: 21926341] 

52. Loe H, Holm-Pedersen P. Absence and Presence of Fluid from Normal and Inflamed Gingivae. 
Periodontics. 1965; 149:171–177. [PubMed: 14315359] 

53. Loos BG, Tjoa S. Host-derived diagnostic markers for periodontitis: do they exist in gingival 
crevice fluid? Periodontol 2000. 2005; 39:53–72. [PubMed: 16135064] 

54. Mantyla P, Stenman M, Kinane DF, Tikanoja S, Luoto H, Salo T, Sorsa T. Gingival crevicular fluid 
collagenase-2 (MMP-8) test stick for chair-side monitoring of periodontitis. J Periodontal Res. 
2003; 38:436–439. [PubMed: 12828663] 

55. Mena-Bravo A, Luque de Castro MD. Sweat: a sample with limited present applications and 
promising future in metabolomics. J Pharm Biomed Anal. 2014; 90:139–147. [PubMed: 
24378610] 

56. Mogi M, Otogoto J, Ota N, Inagaki H, Minami M, Kojima K. Interleukin 1 beta, interleukin 6, beta 
2-microglobulin, and transforming growth factor-alpha in gingival crevicular fluid from human 
periodontal disease. Arch Oral Biol. 1999; 44:535–539. [PubMed: 10401533] 

57. Nakashima K, Giannopoulou C, Andersen E, Roehrich N, Brochut P, Dubrez B, Cimasoni G. A 
longitudinal study of various crevicular fluid components as markers of periodontal disease 
activity. J Clin Periodontol. 1996; 23:832–838. [PubMed: 8891934] 

58. Offenbacher S, Barros S, Mendoza L, Mauriello S, Preisser J, Moss K, de Jager M, Aspiras M. 
Changes in gingival crevicular fluid inflammatory mediator levels during the induction and 
resolution of experimental gingivitis in humans. J Clin Periodontol. 2010; 37:324–333. [PubMed: 
20447255] 

Barros et al. Page 12

Periodontol 2000. Author manuscript; available in PMC 2016 August 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



59. Offenbacher S, Barros SP, Singer RE, Moss K, Williams RC, Beck JD. Periodontal disease at the 
biofilm-gingival interface. J Periodontol. 2007; 78:1911–1925. [PubMed: 18062113] 

60. Oliver RC, Holm-Pederen P, Loe H. The correlation between clinical scoring, exudate 
measurements and microscopic evaluation of inflammation in the gingiva. J Periodontol. 1969; 
40:201–209. [PubMed: 5253987] 

61. Ozturk VO, Emingil G, Osterwalder V, Bostanci N. The actin-bundling protein L-plastin: a novel 
local inflammatory marker associated with periodontitis. J Periodontal Res. 2014

62. Page RC, Schroeder HE. Pathogenesis of inflammatory periodontal disease. A summary of current 
work. Lab Invest. 1976; 34:235–249. [PubMed: 765622] 

63. Reed RK, Rubin K. Transcapillary exchange: role and importance of the interstitial fluid pressure 
and the extracellular matrix. Cardiovasc Res. 2010; 87:211–217. [PubMed: 20472565] 

64. Risteli J, Elomaa I, Niemi S, Novamo A, Risteli L. Radioimmunoassay for the pyridinoline cross-
linked carboxy-terminal telopeptide of type I collagen: a new serum marker of bone collagen 
degradation. Clin Chem. 1993; 39:635–640. [PubMed: 8472358] 

65. Schwartz J, Stinson FL, Parker RB. The passage of tritiated bacterial endotoxin across intact 
gingival crevicular epithelium. J Periodontol. 1972; 43:270–276. [PubMed: 4503430] 

66. Serres, A. Cessai sur l’anatomie et la physiologie des dents, ou nouvelle theorie de la dentition. A 
Paris: Chez Méquignon-Marvis; 1817. 

67. Shimada Y, Tabeta K, Sugita N, Yoshie H. Profiling biomarkers in gingival crevicular fluid using 
multiplex bead immunoassay. Arch Oral Biol. 2013; 58:724–730. [PubMed: 23395670] 

68. Silva N, Dutzan N, Hernandez M, Dezerega A, Rivera O, Aguillon JC, Aravena O, Lastres P, Pozo 
P, Vernal R, Gamonal J. Characterization of progressive periodontal lesions in chronic 
periodontitis patients: levels of chemokines, cytokines, matrix metalloproteinase-13, periodontal 
pathogens and inflammatory cells. J Clin Periodontol. 2008; 35:206–214. [PubMed: 18269660] 

69. Silva-Boghossian CM, Colombo AP, Tanaka M, Rayo C, Xiao Y, Siqueira WL. Quantitative 
proteomic analysis of gingival crevicular fluid in different periodontal conditions. PLoS One. 
2013; 8:e75898. [PubMed: 24098404] 

70. Socransky SS, Haffajee AD. Periodontal microbial ecology. Periodontol 2000. 2005; 38:135–187. 
[PubMed: 15853940] 

71. Takahashi N. Microbial ecosystem in the oral cavity: metabolic diversity in an ecological niche and 
its relationship with oral diseases. Int Congr Ser. 2005; 1284:103–112.

72. Tolo K. Transport across stratified nonkeratinized epithelium. J Periodontal Res. 1971; 6:237–242. 
[PubMed: 4272017] 

73. Tolo KJ. A study of permeability of gingival pocket epithelium to albumin in guinea pigs and 
Norwegian pigs. Arch Oral Biol. 1971; 16:881–888. [PubMed: 5284302] 

74. Waerhaug J. The source of mineral salts in subgingival calculus. J Dent Res. 1955; 34:563–568. 
[PubMed: 13242723] 

75. Waerhaug J, Steen E. The presence or absence of bacteria in gingival pockets and the reaction in 
healthy pockets to certain pure cultures; a bacteriological and histological investigation. Odontol 
Tidskr. 1952; 60:1–24.

76. Weinstein EM, I D, Salkind A, Oshrain HI, Pappas GD. Studies of Gingival Fluid. Periodontics. 
1967; 5:161–166.

77. Yang C, Li H, Wang Z, Zhang W, Zhou K, Meng J, Zhao Y, Pan J, Lv X, Liang H, Jiang X. 
Glycated albumin is a potential diagnostic tool for diabetes mellitus. Clin Med. 2012; 12:568–571.

78. Zelko IN, Mariani TJ, Folz RJ. Superoxide dismutase multigene family: a comparison of the CuZn-
SOD (SOD1), Mn-SOD (SOD2), and EC-SOD (SOD3) gene structures, evolution, and expression. 
Free Radic Biol Med. 2002; 33:337–349. [PubMed: 12126755] 

Barros et al. Page 13

Periodontol 2000. Author manuscript; available in PMC 2016 August 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 1. 
Schematic figure indicating the flux of gingival crevicular fluid through epithelial cells in 

the presence of a biofilm.

In this microenvironment the exudate contributes to reorganization of subgingival biofilm 

and also carries inflammatory mediators and inflammatory cells to the periodontal pocket 

while harboring bacterial antigens, and enzymes of both host and bacterial origin.
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Figure 2. 
Ilustration of GCF sampling sequence and use of Periotron®. Once the sites are isolated 

with cotton rolls and gently air-dried, the Perio® paper strips are inserted in the gingival 

sulcus for 30 seconds. The paper strips are then inserted in the Periotron 8000® device 

(Harco, Tustin, CA, USA), previously calibrated to each individual sample to obtain the 

fluid volume. Paper strips are then wrapped in aluminum foil, transferred to liquid nitrogen 

and stored at −80°C until assayed.
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Table 1

The major cellular and molecular components of gingival crevicular fluid

Component Source Function

Bacteria Oral biofilm plaque Initiates the host immune response

Epithelial cells Oral sulcular and junctional epithelium Represents the high cell turnover of the gingival 
sulcus

Leukocytes Gingival blood vessel plexus PMNs are involved with innate immunity. 
Monocytes/macrophages and lymphocytes are 
involved with cell-mediated immunity.

Erythrocytes Gingival blood vessels Results from small blood vessels and capillaries 
damages.

Alkaline phosphatase Fibroblasts, osteoblasts, osteoclasts, and 
neutrophils

Play a role in superoxide generation and in the 
first line of defense

Cathepsin B Macrophages Active enzyme in proteolysis

Collagenase-2 (MMP-8) Neutrophils Active enzyme associated with collagenatic 
activity

Gelatinase (MMP-9) Neutrophils Hydrolysis of intercellular matrix

Neutrophil elastase Neutrophils Cleavage of elastin, collagen, and proteoglycans

Macrophage elastase (MMP-12) Macrophages Cleavage of elastin, collagen, and proteoglycans

ICTP (Collagen telopeptide 
pyridinoline cross link)

Fragment of bone type I collagen Highly correlated with bone turnover

Interleukin 1-beta Macrophages Regulates immune and inflammatory reactions, 
stimulates bone resorption

Interleukin 4 Basophils Anti-inflammatory, macrophage inhibition, Th2 
differentiation

Interleukin 6 T cells, macrophages, osteoblasts Regulator of T- and B-cell growth, stimulate 
osteoclast formation

Interleukin 8 Macrophages, epithelial cells Recruitment and activation of neutrophils

Interferon gamma Leukocytes, lymphocytes Macrophage activation, suppression of Th2

Immunoglobulin A (IgA) Plasma B cells Antigen neutralization

Immunoglobulin G (IgG) Plasma B cells Antigen neutralization

Immunoglobulin M (IgM) Plasma B cells Antigen neutralization

Lactoferrin PMNs, acinar cells Antibacterial, creates iron-limiting environment

Lysozyme PMNs, macrophages Hydrolysis of peptidoglycans of bacterial cell 
walls

Osteoprotegerin (OPG) Osteoblasts Decoy receptor for RANK-L, inhibits osteoclast 
formation

Osteocalcin Osteoblasts Calcium binding

Prostaglandin E2 (PGE2) All cell types Proinflammatory and immunomodulatory effects

Transforming growth factor-alpha Macrophages, keratinocytes Regulation of tissue repair, cell proliferation, 
chemotaxis, differentiation and matrix synthesis

Transforming growth factor-beta Macrophages Modulates proinflammatory cytokine production

TIMPs Neutrophils, macrophages, fibroblasts, 
keratinocytes

Inhibits MMPs

Tumor necrosis factor-alpha Neutrophils, macrophages, lymphocytes Delays neutrophil apoptosis
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