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Abstract

The joint capsule is a key component in posttraumatic joint contractures. The capsule is described
as thickened, but little data exist supporting the observation. Our hypotheses were that mMRNA
levels of (1) collagen; (2) decorin and biglycan; (3) matrix metalloproteinases; and (4) tissue
inhibitors of matrix metalloproteinases were significantly elevated in anterior joint capsules
obtained from 11 patients having surgery for posttraumatic contractures when compared with nine
elbows, from organ donors, that were free of contractures. Reverse transcription-polymerase chain
reaction was used to evaluate mMRNA expression normalized to a housekeeping gene,
glyceraldehyde-3-phosphate dehydrogenase. In the joint capsules of the patients with elbow
contractures, relative mRNA levels were increased for: collagen Types I, 111, and V (1.5-2.5
times); biglycan (1.5 times); and matrix metalloproteinases-1, -2, -9, -13, and -15 (1.6-3.9 times).
In contrast, expression of tissue inhibitors of matrix metalloproteinases-1, -2, and -4 were
decreased (Y4—3times) in the capsules of patients with contractures. There was no difference
between the groups in relative mMRNA expression for decorin, matrix metalloproteinases-8, -14 and
-16, and tissue inhibitor of matrix metalloproteinase-3. The results indicate that joint capsule
matrix molecule mMRNA levels are altered in the chronic stages of posttraumatic elbow
contractures in humans, potentially creating an environment with high matrix turnover rates.

Posttraumatic contractures after elbow injuries are common occurrences.3 Operative
treatments, whether open or arthroscopic, focus on excising or dividing the joint capsule
surrounding the elbow to improve joint motion.1718 The joint capsule of the elbow has been
described as thickened, and study of cellular changes in joint anterior capsules has shown
increased numbers of myofibroblasts in patients with posttraumatic contractures.® However,
reports on the changes in the matrix are lacking.3

Animal studies have determined that collagen turnover and reducible collagen cross-links
increase whereas glycosaminoglycans and water content decrease in the joint capsules of
rabbit knees immobilized for 9 weeks.! Studies on the shoulder capsule in patients with
adhesive capsulitis show increased expression of collagen Type 111 whereas expression of
matrix metalloproteinases (MMPs) and tissue inhibitors of metalloproteinases (TIMPs) were
increased in the rotator interval of patients with frozen shoulders.215 From these studies, it
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would seem that the joint capsule has altered regulation of matrix metabolism and turnover
in these nontraumatic conditions.

We tested the hypotheses that mMRNA levels for collagen Types I, 111, and V; the small-
leucine rich proteoglycans decorin and biglycan; MMP -1, -2, -8, -9, -13, -14, -15, and -16;
and TIMP -1, -2, -3, and -4 will be increased in anterior joint capsules obtained from
patients requiring operative intervention for posttraumatic elbow contractures when
compared with similar tissues obtained from age-matched organ donors free of elbow
contractures.

MATERIALS AND METHODS

Anterior capsules of human elbows were obtained from 11 patients, nine males and two
females, with a mean age of 31 years [standard deviation (SD) * 12 years; range, 14-48
years] at the time of contracture release and an average 15 *+ 7 months (range, 5-25 months)
after injury. The average preoperative range of motion (ROM) in the flexion-extension arc
was 46° + 22° (range, 10°-85°). The original injuries all were intraarticular fractures; five
patients had distal humerus fractures, one patient had a radial head fracture, two patients had
proximal ulna fractures, one patient had proximal radius and ulna fractures, and two patients
had radial head fractures associated with elbow dislocations. Control anterior capsules were
obtained from nine elbows of organ donors (23 + 13 years old; seven males and two
females) that were free of contractures. There were no significant differences comparing the
average age and the gender distribution of the patient and control groups. The tissues from
the patients were immediately frozen for mRNA analysis using liquid nitrogen. The tissues
from the organ donors were obtained 5 to 18 hours after death (body stored at 4°C) and
prepared as above. Marchuk et al stated that mRNA is stable in periarticular tissues for as
much as 96 hours after death.13 In cases in which rigor mortis had set in, clinical history was
used to determine that the joints were free of contractures. All tissues were stored at —80°C.
Institutional review board approval from the authors’ institution and organ donor program
was obtained before the study.

The protocol followed the methods previously described in Hildebrand et al® and Lo et al.10
Ribonucleic acid isolation (TRI-spin method) began by reducing the frozen tissue to a
powder at liquid nitrogen temperatures. TRIzol reagent (Life Technologies, Gaithersburg,
MD) was added (1 mL TRIzol/50 mg tissue), and the mixture was warmed to room
temperature. Chloroform was added, and the samples were centrifuged. The upper aqueous
phase containing the RNA was removed, and one volume of 70% ethanol was added. Total
RNA was extracted, and the RNA was purified using an RNeasy Total RNA kit (Qiagen,
Chatsworth, CA). The RNA yield was quantified fluorometrically (Perkin-Elmer,
Branchburg, NJ) using Sybr Green Il (FMC BioProducts, Rockland, MN) and was compared
with standards obtained with calf liver ribosomal RNA.

All samples were analyzed by semiquantitative reverse transcription-polymerase chain
reaction (RT-PCR) for mRNA analysis at the same time to avoid any potential variation in
efficiency of the procedures. One microgram total RNA aliquots and the Qiagen Omniscript
RT kit (Qiagen, GmbH, Hilden, Germany) were used. Random primers (0.5 umol/L) were
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added to the RNA, and first-strand cDNA was synthesized by adding x10 first-strand buffer,
RNase block ribonuclease inhibitor, d-nucleoside triphosphates, and Maloney murine
leukemia virus reverse transcriptase. Reactions were incubated at 37°C for 1 hour before a
5-minute incubation at 93°C and subsequent cooling on ice for 5 minutes. Aliquots of cDNA
were amplified in a total volume of 50 uL containing x10 PCR buffer, 10 mmol/L d-
nucleoside triphosphate mixture, 50 mmol/L MgCls, 0.5 pmol/L of each primer, and 1.25 U
of Taqg DNA polymerase (Rose Scientific Ltd, Edmonton, Canada). Specific human primers
were used as indicated (Table 1).10.11 Primer sets were optimized for PCR cycles, and linear
amplification curves were plotted. The optimal cycle number was selected to be in the linear
part of the amplification curve. All reverse-transcribed controls were negative, ensuring that
no detectable genomic DNA was present in the RNA samples. All samples used in this study
were reverse transcribed at least twice, and all PCR experiments were done at least twice,
with nearly identical results obtained each time.

Polymerase chain reaction products were separated by electrophoresis of 20 L of each PCR
product using a 2% agarose gel at 100 VV/cm in 1x TAE buffer. After electrophoresis, the
gels were stained with ethidium bromide, destained in distilled water, and photographed
using Polaroid number 55 film (Technicare Inc., Calgary, Canada). Comparison with the
standard 1-kb DNA Ladder (Life Technologies) ensured that the PCR products were the
proper size. Relative band intensities were quantified by densitometric scanning of negatives
(Masterscan Interpretive Densitometer; CSPI, Billerica, MA). The mRNA levels of the
various collagen, proteoglycan, MMP, and TIMP molecules were normalized to the mRNA
levels of the housekeeping gene glyceraldehyde-3-phosphate dehydrogenase (GAPDH). The
optical density measures for GAPDH mRNA determinations in the contracture capsules
(0.62 + 0.14) was similar to the control capsule values (0.63 £ 0.13), supporting the use of
this housekeeping gene for the subsequent analysis.

Data are presented as mean + SD. Statistical analysis consisted of a Student’s t test for group
means assuming unequal variance. Significance levels were set at p < 0.05.

RESULTS

The relative expression of mMRNA for collagen Types I, 111, and V were elevated (p = 0.0003,
0.0001, and 0.0124, respectively) in the joint capsules of the patients with contractures
compared with the tissues from the organ donor elbows free of contractures (Fig 1). The

mean mMRNA values in the capsules of the patients for collagen Types I, 11, and V were 1.6
times, 2.5 times, and 1.5 times greater than, respectively, the values for the organ donor
controls.

The relative mRNA levels for biglycan were elevated (p = 0.02) in the joint capsule of the
patients with contractures, although there was no difference in decorin mRNA levels
between the two groups (Fig 2). The mean mRNA value in the capsules of the patients for
biglycan was 1.5 times greater than the value for the organ donor controls.

The mRNA levels for many MMPs were greater in the joint capsules of patients (Figs 3, 4).
For MMPs usually found in the matrix, there were elevations of MMP-1, -2, -9, and -13 (p =
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0.0021, 0.0035, 0.024, and 0.0001, respectively) in the joint capsules of patients with
contractures when compared with the tissues from the organ donor controls (Fig 3). There
was no difference between the groups with respect to MMP-8 mRNA levels in the joint
capsule (Fig 3). The mean mRNA values in the capsules of the patients for MMP-1, -2, -9,
and -13 were 1.6 times, 3.5 times, 2.4 times, and 3.9 times greater than, respectively, the
values for the organ donor controls. Cell membrane-bound MMP-15 mRNA levels were
elevated (p = 0.006) in the joint capsules of patients with contractures whereas mRNA
expression for membrane-bound MMP-14 and MMP-16 were not different between the
groups (Fig 4). The mean mRNA value in the capsules of the patients for MMP-15 was 3.0
times greater than the value for the organ donor controls.

Tissue inhibitors of matrix metalloproteinase mMRNA levels were selectively decreased in the
joint capsules from the patients with contractures, which is in the opposite direction of those
for most of the MMPs and for collagen expression (Fig 5). For TIMP-1, -2, and -4, mMRNA
expression was decreased (p = 0.027, 0.0023, and 0.0003, respectively) in the joint capsule
of the patients with elbow contractures when compared with similar tissues of the control
organ donor elbows (Fig 5). However, no difference in the mRNA levels for TIMP-3 was
detected when comparing the two groups (Fig 5). The mean mRNA values in the capsules of
the patients for TIMP-1, -2, and -4 were 0.73 times, 0.38 times, and 0.31 times the values for
the organ donor controls.

DISCUSSION

The joint capsule is a critical component leading to the development of posttraumatic
contractures, and it is described as thickened and presumed to have a fibrotic response. Little
data exist regarding the changes in expression of matrix molecules or enzymes with the
potential to affect matrix composition and turnover. We describe changes in the anterior joint
capsule of patients with chronic posttraumatic elbow contractures in relation to anterior joint
capsules of age-matched organ donors free of elbow contractures. Normalized expression of
mMRNA of collagen Types I, 111, and V; the small-leucine rich proteoglycan, biglycan; and
MMP-1, -2, -9, -13, and -15 was significantly increased, whereas normalized expression of
mRNA of TIMP-1, -2, and -4 was significantly decreased in the joint capsules of patients
with chronic contractures when compared with the tissues of the organ donor controls. There
were no significant differences in the normalized mRNA levels between the two groups for
decorin; MMP-8, -14, and -16; and TIMP-3. The relatively small numbers in the contracture
(n = 11) and control (n = 9) groups may have prevented detection of significant differences
for these five selected molecules, but significant differences were detected for the 12 other
molecules studied. Although protein levels were not determined, the selective modification
of mRNA expression (increases and decreases in the contracture group) in these matrix
molecules and enzymes would support the concept of prolonged matrix turnover and the
observation of thickened and fibrotic joint capsules in posttraumatic human contractures.

Elevated collagen expression in human elbow capsules is consistent with the work of
Akeson et al,> who reported an increased collagen turnover in joint capsules of rabbit knees
with contractures 9 weeks after immobilization was instituted to produce the contractures
(Fig 1). Although results of studies in animal models are from relatively early in the
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contracture process, results of other studies on medial collateral ligament healing in rabbit
knees show collagen and matrix remodeling still was evident at least 2 years after the injury.
56 Results of both studies are consistent with the current findings of altered collagen
expression in anterior joint capsules of patients with chronic elbow contractures.>12
Similarly, in a descriptive study on adhesive capsulitis of the shoulder, it was shown, with
immunohistochemical techniques, that collagen Type 111 expression was increased in the
joint capsule when compared with similar tissues from patients with localized synovitis of
the shoulder.1>

The small leucine-rich proteoglycans biglycan and decorin were expressed in the joint
capsule based on mRNA levels (Fig 2). Studies on human anterior cruciate ligament healing
has shown that expression of these molecules is altered chronically, which is consistent with
the prolonged alteration in mMRNA expression in posttraumatic elbow capsules from humans.
11 These proteoglycans are known to have effects on collagen fibril assembly and
availability of growth factors, such as transforming growth factor-beta (TGF-g), in the

matrix and could influence matrix organization and the anabolic environment in the tissue.
14,20

The mRNA expression of many MMPs was elevated in the capsules of patients with elbow
contractures (Figs 3, 4). The matrix-bound MMPs (MMPs-1, -2, -9, and -13) are especially
effective in the turnover of the major collagens of the joint capsule, including Types I, 111,
and V, and elevations of their expression would be consistent with the findings of increased
collagen turnover in the joint capsules of patients with posttraumatic contractures.16 In a
report regarding tissue obtained from the rotator interval of patients with frozen shoulders,
MRNA expression was detected for MMP-1 in 64% of patients, MMP-2 in 92% of patients,
MMP-3 in 35% of patients, MMP-9 in 57% of patients, and MMP-14 in 0% of patients
using RT-PCR methods.2 However in our study, mMRNA expression was detected for all
MMPs in the anterior joint capsules of elbows from all patients and all controls. Therefore,
there may be some differences potentially related to tissue-specific or process-specific
variables in the two clinical situations.

Tissue inhibitors of matrix metalloproteinase MRNA levels were decreased in the capsules
of the patients with elbow contractures for TIMP-1, -2, and -4, or there was no significant
difference between the groups (TIMP-3; Fig 5). In a previous study, TIMP-1 mRNA
expression was detected in the rotator interval of all patients with frozen shoulders, which is
consistent with the finding in our study of expression of mRNA for TIMP-1, -2, -3, and -4 in
all elbow capsules in the contracture and control (organ donor) groups. In the study on
frozen shoulders, normal control tissue was not available to determine if expression in the
tissue from the frozen shoulders was decreased, as in our study.?

Altered MMP:TIMP ratios seem to be associated with clinical conditions of contracture.
Hutchinson et al reported that frozen shoulder and Dupuytren’s contracture of the hand
developed in six of 12 patients with inoperable gastric carcinoma who were given a synthetic
MMP inhibitor for more than 1 month.? The MMP inhibitors would be expected to give a
relative decrease in MMP and relative increase in TIMP activity, which is opposite our
findings of increased MMP expression and decreased TIMP expression in human elbow

Clin Orthop Relat Res. Author manuscript; available in PMC 2010 October 05.



1duosnuey Joyiny ¥HIO 1duosnuey Joyiny JHID

1duosnuen Joyiny YHID

Hildebrand et al.

Page 6

capsules in posttraumatic contractures. We are unable to reconcile the discrepancies of
potential MMP:TIMP ratios when comparing results of our study on elbow contractures with
results of the study® on other contracture conditions while taking synthetic MMP inhibitors.
Several possibilities may confound the observations on MMP:TIMP ratios or impact the
understanding of the roles MMPs and TIMPs are playing in the contracture process.
Regarding confounded observations, Hutchinson et al did not evaluate the pathologic
contracture tissues to confirm a decreased MMP:TIMP ratio.? In our study, we report
relative mMRNA levels (normalized to a housekeeping gene, GAPDH), and there is no
comparison of absolute MRNA levels of MMP and TIMP to determine if the ratios are truly
decreased. In terms of understanding the roles of MMPs and TIMPs, these molecules have
multiple functions. The original functions described were their regulation of collagen
turnover or degradation or both. However, both molecule types have other properties,
including regulation of noncollagenous matrix proteins and enzymes, growth factors, and
cellular proliferation, chemotaxis, and apoptosis.*19 It may be that these other functions
(noncollagenous) of the MMPs and TIMPs are what contribute to the contracture process.
The synthetic MMP inhibitors also may have other cellular or matrix effects that contribute
to the contracture conditions.

Messenger RNA levels for a subset of matrix molecules and enzymes are altered in anterior
elbow capsules of patients with chronic posttraumatic contractures. It is unknown whether
these MRNA alterations in a chronic stage of the process are a reaction to, or part of the
cause for, the process. Future study will require characterization of protein expression for
these molecules. This baseline information is critical for correlation with animal models of
posttraumatic joint contractures.” The animal model will allow evaluation of the contracture
process in its initial and earlier stages to answer the question if these chronic findings are a
cause for, or a reaction to, the process. An understanding of the process leading to
development of contractures is critical if we are to discover new methods of treatment, to
evaluate the effects of current treatments (eg, early motion) on joint capsule properties, or to
understand the genetic and environmental risk for this abnormal healing phenotype.
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Fig 1.

A-B. (A) The mRNA expression of collagen Types I, Il1, and V (col-1, col-3, and col-5,
respectively) normalized to GAPDH mRNA expression is shown. (B) An example of the
intensity of collagen Type 111 and GAPDH on gel analysis is shown (bp = length of primer
product in base pairs).
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A-B. (A) The mRNA expression of biglycan and decorin normalized to GAPDH mRNA
expression is shown. (B) The intensity of decorin and GAPDH expression on gel analysis is

shown (bp = length of primer product in base pairs).
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Fig 3.

A-B. (A) The mRNA expression of MMP-1, -2, -8, -9, and -13 to GAPDH mRNA
expression is shown on this graph. (B) An example of the intensity of MMP-1 and GAPDH
is shown on gel analysis (bp = length of primer product in base pairs).
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A-B. (A) The mRNA expression of MMP-14, -15, and -16 normalized to GAPDH mRNA
expression is shown. (B) The intensity of MMP-14 and GAPDH on gel analysis is shown

(bp = length of primer product in base pairs).
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A-B. (A) The mRNA expression of TIMP-1, -2, -3, and -4 normalized to GAPDH mRNA
expression is shown. (B) An example of the intensity of TIMP-2 and GAPDH is shown on
gel analysis.
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