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Background: The purpose of this study was to determine whether in patients with rotator cuff tears a correlation exists between mo-
lecular changes and clinical parameters such as age, duration of symptom, range of motion, and tear size. Molecular changes of matrix 
metalloproteinase (MMP) and tissue inhibitor of metalloproteinase (TIMP) were assessed by measuring messenger RNA (mRNA) levels of 
the two proteins. 
Methods: The rotator cuff tissue from was obtained from the edge of a torn tendon revealed after debridement by a motorized shaver. 
Using the sample of rotator cuff tissue, the reverse transcription polymerase chain reaction was performed to quantify MMP-2 and TIMP-
2 mRNA expression. To determine whether mRNA levels and the clinical variables, such as age, defect size, range of motion (ROM) of 
shoulder, and duration of symptoms, show any correlation, Spearman’s correlation coefficients were used to test for significant differ-
ences. 
Results: There was an inverse correlation between the mRNA levels of MMP-2 and TIMP-2 from the torn rotator cuff tendons regardless 
of the clinical variables. However, comparison of mRNA levels versus clinical parameters such as age, defect size, range of motion and 
duration of symptoms revealed a number of findings. We found a significant correlation between age and mRNA levels of MMP-2 from 
torn cuffs (r = 0.513, p = 0.021). Further, we found a significant correlation between defect size in the full thickness tears and mRNA 
levels of MMP-2 (r = 0.454, p = 0.045). Conversely, no significant association between mRNA levels of MMP-2 and ROM or duration of 
symptom was found. 
Conclusions: Our results suggest that both MMP-2 and TIMP-2 may be involved in the disease process of rotator cuff tears. Although 
the level of mRNA expression of MMP-2 and TMP-2 remain constant in torn rotator cuffs irrespective of the clinical variables, their levels 
may be influenced by age and defect size, which could account to change in tendon degradation and the healing process. 
(Clin Shoulder Elb 2014;17(2):64-67)
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Introduction

Rotator cuff tears are common cause of pain in the shoulder 
joints.1) The rotator cuff is responsible for the dynamics stabil-
ity of the shoulder joint and receives considerable stress during 
shoulder exercises. Rotator cuff tears manifest as pain in the 
shoulder joint that cause suboptimal function. The debilitating 
changes in rotator cuffs range from being a reversible tendini-
tis to forming a tear across all levels of the rotator cuff. Natural 

healing of rotator cuff tears without surgical intervention is dif-
ficult, which is why open or arthroscopic repairs have been 
implemented and have been shown to give clinically successful 
outcomes.2-4) Despite a high rate of clinical success in the repairs 
in rotator cuff, studies that look at the biomolecular or histologi-
cal patterns in the degenerative changes such as decrease in cell 
count, disorganization of fibrous tissue, formation of granulation 
tissue, glycosaminoglycan infiltration, changes in fibrocartilage, 
and calcification were noted that would eventually lead to 
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complete tears. However, studies that look into the molecular 
mechanisms behind these changes are sparse.

Matrix metalloproteinase (MMP) is a biological enzyme that 
mediate breakdown of polypeptides, of which around 20 types 
are known so far. MMP is a zinc dependent endopeptidase that 
is essential to break down extracellular matrix components. The 
ability of MMP to regulate the extracellular medium contributes 
to local infiltration, vascularization, metastasis of tumor cells etc. 
MMP is classified according to the type of substrates they target. 
For example, MMP-1, -8, -13 are primary collagenases, and 
MMP-3, -10, -11 are streptolysins that target a broader range of 
substrates. The endogenous inhibitor of MMP is tissue inhibitor 
matrix metalloproteinase (TIMP). As an inhibitor that can inhibit 
the action of all known types of MMPs, any defects in TIMP 
expression, formation, and recycling, may lead to degenerative 
conditions such as rheumatoid arthritis. Other molecular func-
tions of TIMPs exist, but in rotator cuff tears, the concentration 
of TIMP-3 has been apoptosis.5,6)

Of these, MMP-2 is an enzyme that can break down sub-
stances such as gelatin at a fast rate, and its activity is essential for 
collagen breakdown in soft tissues. Animal studies that had used 
shoulder muscles to study the regenerative process have found 
increased expression of MMP-2 during the recovery period of 
the rotator cuff. Further, an increase in MMP-13 and IL-1b was 
proposed as a possible biomarker of an imminent rotator cuff 
tear.6,7) As such, this study aimed to look whether the expression 
of MMP and the expression of TIMP, the enzyme that inhibits 
MMP expression, are associated with clinical variables, such as 
age, duration of symptom, range of motion, and tear size in pa-
tients with rotator cuff tears.

Methods

Tissues were obtained from each patient once consent was 
given and all consent forms were filled out by the patient. All 
procedures relating to human tissue sampling were approved by 
the human ethics review committee of The Catholic University 
of Korea, Daejeon St. Mary’s Hospital. Of the 20 rotator cuff 
tear patients, 13 had complete tears and 7 had partial tears. The 
tissues were obtained during the arthroscopic repair. The rela-
tive ratio of male to female was 12:8. The mean age of patients 
was 59 years (range, 39−76 years), and the average duration of 
symptoms was 10 months (range, 3−24 months). Further, for 
patients with complete rotator cuff tears a probe with 1 mm in-
crements was used to measure the defect size, and the average 
defect size was measured as 439 mm2 (range, 150−600 mm2).

The tissue were collected during arthroscopic debridement 
and stored in a -70oC freezer. For the quantification of mes-
senger RNA (mRNA), primers against MMP-2, TIMP-2, MMP-
9, and TIMP-1 were created (See Table 1 for primer sequences) 
and the reverse transcription polymerase chain reaction (RT-
PCR) was performed. In brief, total RNA was extracted from the 
tissue using the Trizol kit (Invitrogen, Carlsbad, CA, USA). Then, 
complementary DNA (cDNA) was produced using the extracted 
RNA (2 mg) as template by reverse transcription using the Super-
script system from Invitrogen. The conditions for RT-PCR were 
as follows; denaturation step for 3 min at 94oC, primer anneal-
ing step for 1 min at 65oC, and extension step for 1 min at 72oC. 
The number of PCR cycle used was 35 cycles. To check for PCR 
products, electrophoresis at 70 V for 90 min was performed on 
all products on 1.5% agarose gels. The relative density of each 
band was measured using the Image J program (NIH, Bethesda, 
MD, USA). 

Spearman correlation coefficients were calculated by SPSS 
program ver. 12.0 (SPSS Inc., Chicago, IL, USA) to determine 
correlation between the clinical variables (age, defect size, range 
of motion [ROM] of shoulder, and duration of symptoms) and 

Table 1. The Sequence of Primers Used in the Experiment

Primer Sequences

MMP-2 (199 bp)
  Forward
  Reverse

5'-GGCCCTGTCACTCCGAGAT-3' 
5'-GGCATCCAGGTTATCGGGGA-3' 

TIMP-2 (400 bp) 
  Forward 
  Reverse

5'-GGCGTTTTGCAATGCAGATGTAG-3' 
5'-CACAGGAGCCGTCACTTCTCTTG-3' 

TIMP-1 (400 bp)
  Forward 
  Reverse

5'-GCGGATCCAGCGCCCAGAGAGACAC-3' 
5'-TTAAGCTTCCACTCCGGGCAGGATT-3' 

MMP-9 (247 bp) 
  Forward
  Reverse

5'-CACTGTCCACCCCTCAGAGC-3' 
5'-GCCACTTGTCGGCGATAAGG-3' 

GAPDH (200 bp)   
  Forward
  Reverse

5'-TAAAGGGCATCCGGGCTACACT-3' 
5'-TTACTCCTTGGAGGCCATGTAGG-3' 

MMP: matrix metalloproteinase, TIMP: tissue inhibitor of metalloproteinase, 
GAPDH: glyceraldehyde 3-phosphate dehydrogenase.

Fig. 1. Electrophoresis of polymerase chain reaction products show bands at 
sizes ~370 bp and ~400 bp that represent expression of MMP-2 and TIMP-2, 
respectively. MMP: matrix metalloproteinase, TIMP: tissue inhibitor of metal-
loproteinase, M: marker.



66    www.cisejournal.org

Clinics in Shoulder and Elbow  
Vol. 17, No. 2, June, 2014

mRNA levels. The level of significance was set at p < 0.05. 

Results

We found that the MMP-2 and TIMP-2 were expressed in all 
patients irrespective of the clinical variables, and that the mRNA 
levels of MMP-2 and TIMP-2 were inversely proportional (Fig. 1, 
2). The mRNA transcripts of MMP-9 and TIMP-1 were not ex-
pressed in most samples, and similarly the mRNA level of TIMP-
2 was expressed in very low amounts (Fig. 3). A correlation 
analysis of the expression level of the two mRNA transcripts with 
age, defect size, ROM and duration of symptoms showed that, 
the expression of MMP-2 mRNA is significantly correlated to age 
and defect size (r = 0.513, p = 0.021), but not ROM or dura-
tion of symptoms (Table 2). 

Discussion 

MMP is important for tissue regeneration, and even though 
the exact mechanism is unknown, the overexpression of MMP 

in muscle during tissue regeneration is thought to elicit lesions, 
especially under stress-induced conditions.8) Conversely, TIMP is 
involved in counteracting stress conditions. Further, MMP modu-
lates expression of collagen and other extracellular matrix com-
ponents important for the rotator cuff tear recovery process.8) 
Previous report has shown that in response to acute lesions, the 
rotator cuffs respond by switching the gene expression of type 
1 collagen to type 3 collagen, and MMP has been shown to be 
involved in such regenerative processes.9,10)

MMP requires zinc as a cofactor for its enzymatic activity. 
MMP is known to be involved in both normal and pathophysi-
ological processes, such as degeneration or regeneration, involv-
ing proteolysis and peptide formation inside the tissue and in the 
extracellular matrix space. For example, MMP-2 is a key factor 
required for the efficient breaks down collagen. Imbalance of 
collagen reconstruction is attributed to changes in MMP and 
TIMP levels. A decrease in MMP-3 and stromelysin-1, increase 
and/or decrease in MMP-2 (gelatinase A), and changes in mRNA 
levels of MMP-1, -9 and -13 TIMP 2−4 was seen in some stud-
ies. A study using rabbit showed that MMP-2 and TIMP-1 are 
expressed in both damaged and regenerated tissue, thereby 
highlighting their possible role in recovery of a damaged supra-
spinatous. Similarly, in a different study, changes in mRNA con-
centration of MMP-13 also indicated the possible role of these 

Fig. 2. An inverse correlation between MMP-2 (A) and TIMP-2 (B) in torn rotator cuffs. MMP: matrix metalloproteinase, TIMP: tissue inhibitor of metallopro-
teinase.

Fig. 3. Expression of MMP-9 and TIMP-1 demonstrates a less remarkable 
pattern compared to MMP-2. MMP: matrix metalloproteinase, TIMP: tissue 
inhibitor of metalloproteinase, M: marker.

Table 2. Correlation between mRNA Levels and Clinical Variables

Variable Correlation coefficient*

Age 0.513

Duration of symptoms -0.613

Tear size 0.454

Range of motion  (forward flexion) 0.009

*By Spearman’s correlation. 
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enzymes in the recovery process.10-12)

Select studies have shown that in degeneration or in tendon 
lesions, the mRNA expression level of MMP is inversely corre-
lated to that of TIMP. However, Choi et al.13) reported that MMP-
2 expression is not only seen in tendons of surgically excised 
tissue but also in regenerated tissue. Other studies,14,15) have also 
shown increased expression of MMP-2 and MMP-9 in synovium 
tissue. Such studies have assessed mRNA expression, but did not 
analyze a possible relationship between mRNA levels and clini-
cal variables, as in our study. Lakemeier et al.11) found that whilst 
the position and size of the rotator cuff tear influences that biol-
ogy of MMPs, the concentration of MMP-1 and MMP-9 at the 
articular surface of a partial tear is significantly greater than at the 
surface of the synovium. Prospective studies that similarly assess 
changes in the clinical variables that are correlated with changes 
in the biomarkers of rotator cuff tears. Factors that inhibit MMP 
have been assessed previously, but results had shown that drug 
or mechanical induction of changes in MMP was found to cause 
a varied influence on recovery.

Limitations to this studies came from only obtaining a small 
sample volume, not being able to obtain healthy tissue for ethi-
cal reasons, thus any correlations we could make could not be 
compared in the context of an undamaged tissue. 

Conclusion

Therefore, our results show that despite a constant expression 
of MMP-2 and TIMP-1 in damaged tissue, their expression is un-
related to any clinical variable we tested. Our findings show that 
the mRNA levels of MMP-2 and TIMP-1 may be influenced by 
age and defect size. Thus, prospective studies into how changes 
in mRNA levels of MMP-2 and TIMP-1 may contribute to the 
pathophysiology of rotator cuff tears should be addressed, if any.
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