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Abstract 

In addition to their involvement in tissue remodelling, matrix metalloproteinases 

(MMPs), in the oral environment, are linked to leakage in the resin-dentine interface 

through their involvement in the proteolytic degradation of the resin-dentine hybrid 

layer.  

Numerous studies have evaluated dentine MMP activity and the vast majority of those 

studies have used an MMP extraction protocol to semi-purify the MMPs from dentine, 

first described around 20 years ago. This is a protocol that requires 32 days for 

completion. The technique is based on the three-step sequential use of NaCl solution 

for pulverised dentine washing, then guanidine HCl and EDTA to demineralise the 

pulverised dentine to extract the MMPs. 

In this study, a new one-step dentine MMP extraction protocol was adapted to extract 

dentine MMPs in only four days. This was achieved by eliminating the NaCl washing 

step and combining the guanidine HCl and EDTA into one extraction solution that also 

contained proteinase inhibitors. 

Fifty-two dentine MMP extracts were obtained utilising the two different extraction 

methods. The amount of total and endogenously active MMP-2 in the specimens was 

assayed utilising a human MMP-2 activity enzyme-linked immunosorbent assay 

(ELISA).  
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The study results showed that the new extraction method is as effective as the traditional 

three-step extraction method in semi-purifying dentine MMP-2.  
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Introduction 

Matrix metalloproteinases (MMPs) are zinc-containing endopeptidases that belong to 

the metalloproteases family, also known as the metallopeptidases family; which 

includes any protease whose catalytic mechanism involves a metal (usually zinc or 

cobalt) (Jongeneel, Bouvier, & Bairoch, 1989). The main role of MMPs is extracellular 

matrix (ECM) degradation and remodelling. MMPs are responsible for degrading ECM 

proteins such as collagen, gelatine and elastin  (Singh, Srivastava, Chaudhuri, & 

Upadhyay, 2015). Several different MMPs have been identified in the dentine–pulp 

complex. The first isolation of MMPs from dentine came in 1983 (Dayan, Binderman, 

& Mechanic, 1983). However, gene expression studies by Palosaari and her co-workers 

revealed the presence of MMP-1, -2, -9, -10, -11, -13, -14, -15, -16, -17,-19, -20 and -

23 in human odontoblast and pulp tissues (Palosaari et al., 2003). 

In addition to normal physiological roles in relation to tissue remodelling during 

organogenesis and growth, MMPs in the oral environment contribute to pathological 

tissue remodelling (Hannas, Pereira, Granjeiro, & Tjäderhane, 2007). Although the 

capability of MMPs  to degrade the extracellular matrix was recognised decades ago 

(Gross & Lapiere, 1962); it was not linked to hybrid layer nanoleakage and dentine-



 

resin bond degradation until after 1999, when Sano and his group demonstrated the 

morphological evidence of hybrid layer collagen hydrolytic degradation (Sano et al., 

1999). Several other studies followed in confirming and demonstrating the degradative 

effect of MMPs on the dentine-resin bond (Tjäderhane et al., 2013; Van Strijp, Jansen, 

DeGroot, Ten Cate, & Everts, 2003; Zhang & Kern, 2009). 

To enable the identification and quantification of MMPs by utilisation of methods such 

as zymography, Western blotting and ELISA; MMPs need to be extracted from the 

dental hard tissues. A review of the published studies related to extracting MMPs from 

dentine revealed that the majority of the studies followed the extraction protocol first 

reported in 2000 by Martin-De Las Heras (Martin-De Las Heras, Valenzuela, & 

Overall, 2000). 

This method was based on the three-step sequential use of guanidine HCl and EDTA 

to demineralise the pulverised dentine, extracting the MMPs after washing the 

pulverised dentine with NaCl solution. Since MMPs are capable of activating each other 

(Visse & Nagase, 2003), a mixture of proteinases inhibitors was added to the washing 

and extraction solutions. 

The protocol described, takes at least 32 days for completion, which is highly 

impractical, especially if a large number of specimen groups are being tested. 

The historical development of this guanidine HCl and EDTA sequential extraction 

technique is not well documented in the literature. While the protocol was utilised as is 

or adapted from one study to another, there was limited or no justification for the 

prolonged steps employed in most of the studies. 

In this study, a one-step extraction method was adapted to extract MMPs from dentine. 

The aim of this study was to evaluate the two extraction methods i.e. the three-step 



 

extraction method described by Martin-De Las Heras (Martin-De Las Heras et al., 

2000) and the one-step extraction method developed in this study. The efficiency of the 

two methods in extracting MMP-2 was evaluated, in addition to the effect the methods 

had on MMP-2 activity. 

 

Materials and methods 

Fifty-two dentine MMPs extracts were obtained from thirteen human permanent single-

rooted teeth. The teeth used in this study were obtained from the School of Dentistry at 

the University of Dundee. The teeth were extracted in the school as part of a consented 

dental treatment plan in patients who required tooth extraction for the purpose of their 

treatment. After extraction, the teeth were stored in 0.1 thymol solution at room 

temperature until used. The teeth were anonymised and could not be traced back to the 

donor. Advice received from the Tayside Committee of Medical Research Ethics 

indicated that no ethical approval was required for this study. The selection criteria 

included caries- and restoration-free permanent single-rooted teeth. 

In addition to proteinase inhibitors, all of the chemicals used for the protein extraction 

were purchased from Sigma-Aldrich Company Ltd., (Dorset, UK). Human MMP-2 

activity assay kits, utilised in this study were purchased from QuickZyme Biosciences 

(Leiden, Netherlands) and used according to the manufacturer’s instructions. 

 

Specimen Preparation  

After obtaining access to the pulp chamber of each tooth using a round diamond bur in 

a high speed handpiece with water spray coolant, the dental pulp was extirpated 



 

manually using a combination of barbed broaches and endodontic stainless-steel K-

files. Distilled water (dH2O) was used for irrigation to facilitate the pulp extirpation and 

pulp canal cleaning. Then, dentine tube forms were obtained from the teeth by removing 

the enamel and cementum layers in addition to any bone fragments and/or soft tissues 

attached to the teeth using a cylindrical diamond bur in a high speed handpiece with 

water spray coolant. 

The cylindrical diamond bur was then used to make two longitudinal cuts on the 

opposing sides of the dentine tube form to create two similar dentine specimens. Each 

specimen was then randomly assigned to one of the two extraction methods using the 

Microsoft® Excel random numbers generator (Microsoft Corporation, Redmond, 

Washington, USA). 

Specimens were prepared for protein extraction by freezing them in liquid nitrogen, 

then pulverising each specimen individually by pounding in a cold stainless steel bowl 

using a cold stainless steel hammer until a uniform dentine powder was obtained. The 

dentine powder obtained from each specimen was weighed using a digital scale. The 

powdered dentine was then sealed in separate 1.5 mL Eppendorf tubes marked with the 

specimen number and then stored at 2-4°C. 

 

Three-Step Extraction Method 

Following the extraction method described in the study by Martin-De Las Heras’s 

group, the dentine samples were washed overnight at 2-4ºC on a tube mixer in 2.5 M 

NaCl solution containing the following proteinase inhibitors (PI): 

• 2.5 mM Benzamidine hydrochloride 



 

• 50 mM ε-Amino-n-caproic acid 

• 0.5 mM N-Ethyl maleimide 

• 0.3 mM Phenylmethylsulfonyl fluoride 

 

Following overnight washing with the NaCl solution, the pulverised dentine was then 

rinsed twice with cold dH2O and then extracted with a mixture of 4 M guanidine HCl 

and 65 mM Tris-HCl, pH 7.4, plus PI under constant agitation at 2-4°C. This extract 

(G1 extract) was clarified by centrifugation. The supernatants were then dialysed using 

3.5 kDa MWCO SnakeSkin™ Dialysis Tubing (Thermo Fisher Scientific, Waltham, 

Massachusetts, USA) against two changes of 50 mM Tris-HCl, pH 7.4, with PI over 

four days, and then against dH2O with PI for one more day. The G1 extract from each 

sample was then immediately placed in a separate 5 mL tube marked with the specimen 

number and stored at -80°C. The remaining proteins in the dentine powder after G1 

extraction were then extracted by the demineralisation of the dentine powder with 0.5 

M EDTA pH 7.4 and PI for four days; the supernatants were then collected by 

centrifugation. This extraction was repeated four times to obtain the EDTA extract (E 

extract). The extract was dialysed, as described for the G1 extract, then pooled with the 

G1 extracts obtained from the same specimens and stored at -80°C. The remaining 

proteins in the dentine powder after EDTA extraction were then extracted to obtain 

extract G2, using 4 M guanidine HCl and 65 mM Tris-HCl, pH 7.4, plus PI; and by 

repeating the steps described above for the G1 extract. The G2 extracts were also added 

to the tubes containing the previous two extracts (G1 and E) for each specimen, then 

returned to -80°C storage. The total extract for each specimen was then lyophilised and 

stored at -80°C until assay. 



 

One-Step Extraction Method  

The pulverised dentine powder was prepared as described for the three-step extraction 

method. Protein extraction was then carried out using 0.05 M Tris-HCl, 4 M guanidine 

HCl and 0.5 M EDTA plus PI for 72 hours under constant agitation at 2-4°C. The 

extract was then clarified by centrifugation and the supernatants were then dialysed 

overnight in dialysis tubing against 0.05% (w/v) SDS and PI at 2-4°C. The extracts 

were then lyophilised and immediately stored at -80°C until assayed. 

 

MMP-2 Assay  

Endogenous levels of total, as well as active, MMP-2 were quantified using QuickZyme 

human MMP-2 activity assay kits. This assay kit is based on a modified sandwich 

ELISA and according to the manufacturer’s datasheet it has a quantifiable range of 

0.02-16 ng/ml with down to 4 pg/mL sensitivity. 

Each of the extracts obtained from the thirty-two dentine specimens was divided into 

two aliquots. The samples were prepared for assay according to the manufacturer’s 

instructions. 

Two 96 microwell plates (one to assay for the endogenous activity levels and one to 

assay for the total MMP-2) were set up and loaded with the standards and the samples.  

Absorbance readings at 405 nm were obtained for each plate using the FLUOstar 

Omega microplate reader (BMG LABTECH GmbH, Ortenberg, Germany).  

 

Assay Results, Interpolation and Statistical Analysis  

Corrected data for each plate was calculated and GraphPad Prism® scientific graphing 

and statistics software (GraphPad Software, Inc., La Jolla, California, USA) was used 

to interpolate the data by linear regression analysis utilising the best fit standard curves. 



 

The interpolated data obtained from GraphPad Prism® was tested for normality 

utilising the SPSS statistics software package (IBM SPSS Statistics 22, IBM Inc. 

Armonk, New York, USA) and the Shapiro-Wilk test; which showed a nonparametric 

distribution of the data (p≤0.05). Considering the nonparametric distribution of the data, 

Friedman’s two-way analysis of variance (ANOVA) by rank was conducted using 

SPSS. No statistically significant difference was detected between the two extraction 

methods by the Friedman’s test in both total and active MMP-2 amounts extracted from 

the specimens; therefore no further statistical analysis was carried out. 

 

Results 

The results, as shown in tables 1, 2 and 3, revealed that the one-step extraction protocol 

developed and tested in this study was as effective in extracting the dentine MMP-2 as 

the three-step extraction protocol. The means of the total MMP-2 extracted from the 

specimens using the three- and one-step extraction methods were 8.89 and 6.66 ng/g of 

dentine respectively. The arithmetic means of the amounts of active MMP-2 extracted 

from the specimens using the three- and one-step extraction methods were 4.82 and 

3.77 ng/g of dentine respectively. 

Statistical analysis of the results utilising related-samples Friedman’s two-way 

ANOVA by ranks test as shown in table 3 revealed that there was no significant 

difference in the amounts of extracted MMP-2 between the two extraction methods 

(p>0.05) for both the total and active enzyme assays. 

 

 



 

Extraction 

method 

Number of 

specimens 

Mean 

ng/g of 

dentine 

Std. 

Deviation 

Significance 

level (p) 

Three-step  13 8.89  11.36  0.001  

One-step  13 6.66  3.91  0.394  

 

Table 1. Descriptive statistics and the Shapiro-Wilk normality test results for the total 

MMP-2 extraction results, showing nonparametric distribution of the three-step 

extraction method results (p<0.05) and normal distribution of the one-step extraction 

method results (p>0.05). 

 

 

Extraction 

method 

Number of 

specimens 

Mean 

ng/g of 

dentine 

Std. 

Deviation 

Significance 

level (p) 

Three-step  13 4.82  5.73  0.001  

One-step  13 3.77  2.04  0.362  

 

Table 2. Descriptive statistics and the Shapiro-Wilk normality test results for active 

MMP-2 extraction results, showing nonparametric distribution of the three-step 

extraction method results (p<0.05) and normal distribution of the one-step extraction 

method results (p>0.05). 

 

 

 Total MMP-2 Active MMP-2 

Number of specimens in each group 13 13 

Three-step method mean rank 1.54 1.62 

One-step method mean rank 1.46 1.38 

Test statistic 0.077 0.692 

Degrees of freedom 1 1 

Significance level (p) 0.782 0.405 

 

Table 3. Extraction method related-samples Friedman’s two-way ANOVA by rank 

test results, showing no significant difference between the two extraction methods in 

the total amount of extracted MMP-2 (p>0.05); and in the amount of extracted active 

MMP-2 between the two extraction methods (p>0.05).  



 

Discussion 

In the vast majority of published studies describing MMP activity in dental hard tissues, 

the three-step extraction method previously described (Martin-De Las Heras et al., 

2000) has been used for MMP extraction. MMPs are capable of activating each other; 

under appropriate conditions any active MMP in the extract will activate a proportion 

of the pro-enzyme in the extract, reflecting an exaggerated active MMP quantification. 

This can be partially controlled by the use of protease inhibitors and by keeping the 

specimens at low temperatures (2-4°C) throughout the extraction process. However, 

due to the long duration of this method and the limited half-life of the protease 

inhibitors, this might not always be achieved. This can be observed in the results 

obtained using the three-step method (Martin-De Las Heras et al., 2000), as the majority 

of the extracted MMP-9 that was semi-quantified by zymography in the study, was 

found to be in the active form. Moreover, in a study of MMP-2 and -9 in human crown 

and root dentine (Santos et al., 2009), MMP activity was quantified for each step of the 

extraction separately. The results show increasing MMP activity with each step of the 

extraction. However, this cannot be the case if the MMPs were extracted from calcified 

sound dentine without activation, since the MMPs trapped within the calcified dentine 

are supposed to be in the inactive pro-enzyme form (Moon, Weaver, & Brooks, 2010). 

The earliest published study reviewed in this work, where the guanidine HCl and EDTA 

sequential extraction method was used is that of Nawrot et al (Nawrot, Campbell, 

Schroeder, & Van Valkenburg, 1976). This study used the protocol to extract 

phosphoproteins from unerupted bovine teeth and NaCl and guanidine HCl solutions 

were used to remove the soft tissues attached to the dentine specimens. Termine 

(Termine, Belcourt, Christner, Conn, & Nylen, 1980) and Linde (Linde, Bhown, & 

Butler, 1980) also used this technique to extract proteins from unerupted bovine and rat 



 

teeth. The presence of soft or uncalcified tissues in the specimens used in those studies 

can justify the use of NaCl and guanidine HCl solutions to remove any soft tissues 

attached to the samples and to extract the proteins from the uncalcified tissues with 

guanidine HCl. However, using this extraction method in experiments similar to the 

ones in the present study would be unnecessary since all of the specimens used were 

obtained from fully-calcified dentine, obtained from fully-formed permanent teeth and 

all of the attached soft tissues were removed prior to dentine pulverisation. 

The extraction process was reduced to a one-step extraction by eliminating NaCl 

washing and combining the guanidine HCl and the EDTA into one extraction solution.  

This method required only four days for completion and was as effective in extracting 

the dentine MMPs as the 32 day three-step extraction protocol as evidenced by the 

results. Moreover, as the Shapiro-Wilk normality test results in Tables 1 and 2 shows, 

the one-step extraction method results were normally distributed (p>0.05) and showed 

lower standard deviation than the three-step extraction method. This shows a more 

consistent extraction yield with the one-step method. 

To date, there are no published studies that compare dentine MMP extraction methods. 

Moreover, no published studies have used this one-step method to extract MMPs from 

human dentine. 

 

Conclusion 

Within the limitation of this study, the one-step extraction method adapted for use in 

this study was found to be as effective as the traditional three-step method in MMP 

extraction. 
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