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Background. Tear of rotator cuff typically begins in the supraspinatus tendon, however the
healing capacity of torn supraspinatus tendon is unclear. The aims of this study were to measure
the content of altype-Iand a1 type-III procollagen mRNA from the torn edge of supraspinatus
tendon and to estimate its healing capacity.

Methods. Twenty torn supraspinatus tendon specimens were obtained from 20 complete-
thickness tear patients. The control group consisted of six normal supraspinatus tendons
obtained from other shoulder operation patients. The content of a1 type-I and Type-III
procollagen mRNA was measured semiquantitatively by RT-PCR.

Results. mRNA levels of collagen I and III were lower in the torn supraspinatus group than in the
normal group (p < 0.001). There were no statistically significant differences between size of tear
and duration of pain in mRNA levels of collagen I and III.

Conclusions. This study revealed lower amounts of «1type-I and type-III procollagen mRNA in
torn rotator cuff which suggests that chronic torn supraspinatus tendons have a poor healing

capacity. ( Mid Taiwan J Med 2002;7:1-6)
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INTRODUCTION

Flexor tendon of fingers, as a model for
tendon healing, have intrinsic and extrinsic
healing capacities [1-4]. Torn supraspinatus
tendons also have intrinsic and extrinsic
capacities. Uhthoff and Sarka examined torn
rotator cuffs using immunohistologic
techniques and concluded that extrinsic
healing superseded intrinsic healing in the
overall process of repair of torn rotator cuffs;
routine bursectomy was not suggested [5].
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Hamada K observed the expression of a1 (I)
procollagen mRNA in torn supraspinatus
tendons by in situ hybridization and noted
that a high level of a1 (I) procollagen mRNA
expression was detected in the tenocytes and
undifferentiated mesenchymal cells near the
torn portion in tendons with complete-
thickness tear and observed little expression

of a1 () procollagen mRNA in the epitenon
cells and fibroblasts of the subacromial bursa.
He concluded that the intrinsic healing process
superseded the extrinsic healing process [6].
The major structural component of the
tendon is type-I collagen. In the early phase of
tendon healing, however, type III collagen
increases [7]. This collagen is gradually



Table 1. Primer sequences and PCR reaction conditions

Healing Capacity of Torn Supraspinatus Tendon

mRNA 1 . | H
species S'primer 3'primer
Collagen I  5-GCA AAG AAG GCG GCA AAG GTC3' 5-CCC CTC ACG TCC AGA TTC ACC -3

Collagen 1II 5-CCCAGAACATCACATATCAC-3
B-Actin

S-CAAGAGGAACACATATGGAG-3

5-GCGAGAAGATGACCCAGATCATGTT-3
S-GCTTCTCCTTAATGTCACGCACGAT-3!

PCR = polymerase chain reaction; D = denaturing; A = annealing, E = extension; C = cycles; S = sizes
(base pair). Primer sequences are derived from Genbank.

replaced by type I collagen as the scar tissue
matures. This process is essential for the
maintenance of structure and function of the
tendon [8].

Since type-I and III collagens have an
extremely long half-life, it is difficult to
distinguish newly synthesized type-I and -III
collagens from older preexisting collagen.
Conversely, the mRNA of a1 (I) and a1 (IIT)
procollagens, which is one of the precursors
of type-I and III collagens, has a half-life of
about 89 hours and may serve as a real-time
marker for newly synthesized type-I and III
collagens [9].

The present study was undertaken to
evaluate the healing capacity of in vivo torn
supraspinatus tendon by semiquantitatively
measuring the level of expression of mRNA of

a1l (D) procollagen and a1 (III) procollagen.

MATERIALS AND METHODS
Patients and Tissue Samples

Twenty supraspinatus tendon specimens
were obtained from 20 patients with
complete-thickness tears. The age of the
patients at the time of surgery ranged from 43
to 77 years (mean: 66 years). Three normal
supraspinatus tendon specimens were
obtained from avulsion facture of greater
tubercle of humerus from rotator interval tear
patients who received surgery within 6 hours.
The other 3 normal supraspinatus tendon
specimens were obtained from anterior
instability of shoulder patients. The age of the
patients at the time of surgery ranged from 32
to 69 years (mean: 51 years).

Samples of supraspinatus tendons were
rinsed in sterile phosphate buffered saline,

frozen immediately in liquid nitrogen, and
stored at -80 °C prior to processing. All
samples were obtained with consent of the
patients.

RNA Extraction

Total RNA was extracted from samples
by the TRI spin method as previously
described [10,11]. Briefly, tissues snap-frozen in
liquid nitrogen were powdered by a Braun
Dismembrator (B. Braun Biotech, Allentown,
Pennsylvania, USA). TRIzol reagent (Life
Technologies, Gaithersburg, Maryland, USA)
was added to the powder (1 mL TRIzol
reagent/100 mg tissue), and the sample was
allowed to thaw before being transferred to 15
mL Eppendorf tubes. Chloroform was added
(02 mL/mL TRIzol), the tubes were vortexed,
and then centrifuged at 12,000 xg for 15
minutes to separate the aqueous and organic
phases. RNA was precipitated from the
aqueous phase by mixing with isopropyl
alcohol. The RNA precipitate formed a gel-like
pellet on the side and bottom of the tube after
centrifugation. After removing the supernate,
the pellet was washed once with 75% alcohol.
The sample was then vortexed and
centrifuged at 7500 X g for 5 minutes at 4 °C.
Semiquantitative Reveres Transcription

Polymerase Chain Reaction

Two micrograms of total RNA from each
tissue sample was reversely transcribed with a
1st strand ¢cDNA Synthesis Kit for RT-PCR
(Boehringer Mannheim, Foster city, California,
USA), as described by the manufacturer, to
convert mRNA to the corresponding ¢cDNA.
Three-microliter aliquots of cDNA were then
amplified by polymerase chain reaction in a

final volume of 100 L containing 20 mM Tris-
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Table 1. Continued

D A E C S

91 615 72 35 344
91 55 72 35 366
91 55 72 35 300

HCI, 50 mM KCI, 1.5 mM MgClz, 0.5 xgM of
each polymerase chain reaction primer, and
25U Taq DNA polymerase (Life Technologies).
Amplification was performed with a Cetus
9600 thermocycler (Perkin-Elmer). The
polymerase chain reaction cycling parameters
are shown in Table 1. The primer sets used for
polymerase chain
oligonucleotides 20-25 base pairs in length
whose synthesis was based on the most
conserved sequences in Genbank.

Total RNA from the torn edge of rorator
cuff tendon was analyzed by semiquantitative
reverse transcription-polymerase chain
reaction to determine relative levels of the

reaction were

content of type-I and type-IIl collagens. 5-
actin was used as the internal standard. For all
reported experiments, conditions were
determined to be in the linear range for both
the polymerase chain reaction and the image
analysis system. Briefly, for each group of
samples, all of the samples were subjected to
reverse transcription at the same time, and
subsequently all samples of cDNA were
amplified by polymerase chain reaction at the
same time to avoid any potential experiment -
to-experiment variation in efficiency. Three
microliter aliquots of cDNA were amplified by
polymerase chain reaction as previously
described. Ten-microliter aliquots of the
polymerase chain reaction products were
electrophoresed on 2% agarose gels with Tris-
acetate-EDTA buffer, stained with ethidium
bromide, and destained in distilled water. All
gels were photographed with Polaroid no. 55
film. The photographs were then analyzed
with a CCD (charge-coupled device) camera
and appropriate software (Quality one, PDI,
Bioscience, La Jolla, California, USA). Integrated

TTIIAM

Fig. 1 Polymerase chain reaction analysis of mRNA from
torn human supraspinatus tendon. Lane designations: I =
Collagen T (334bp), Relative OD (Optical density) to Z-actin
= 0.734; Il = collagen 1II (366bp), Relative OD = 1.036; A =
[B-actin (300bp), relative OD = 1000 and M = Marker DNA.
The arrow indicates 500 base pairs.

density values for the genes were normalized
to their corresponding S-actin values to yield
semiquantitative assessment (Fig. 1).

Statistical Analysis

Descriptive statistics determined the
group means and standard deviations. Data
were analyzed in a 2-factor repeated-measures
multivariate analysis of variance (MANOVA).
The 2 factors were the copy number
normalized for [-actin. Subsequently, non-
paired ¢ test was performed between tear and
normal groups with Bonferroni correction.
Significance levels were set at 0.05 and 0.01 for
the multivariate analysis. All statistical analyses
were performed using personal computer-
based statistical software (SPSS/PC+ version
8.0; SPSS, Chicago, Illinois).

RESULTS

Expression of [S-actin mRNA was noted
in all rotator cuff specimens. There were no
statistically significant differences between the
control and tear groups (p = 039).

The level of expression of mRNA of
procollagen T and I did not differ statistically
with respect to age and gender in torn
samples. There were also no statistically
significant differences in terms of tear size and
duration of pain in torn samples.
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Fig. 2 Semiquantitative reverse transcription-polymerase
chain reaction analysis of mRNA levels of procollagen L
Polymerase chain reaction products were analyzed as
described in the Materials and Methods section. Values
presented represent the mean = SEM for each group.
Normal group: 138 + 0.17; Torn group: 0.63 % 0.18.
Statistically significant differences between groups (p<
0.001, analysis of variance) are indicated with three stars.

The level of expression of collagen I and
I was statistically lower in torn supraspinatus
samples than in control samples (p < 0.001)
(Figs. 2 and 3).

DISCUSSION

Rotator cuff tendons have not been
studied as extensively and are not as well
characterized as flexor tendons. Investigators
have demonstrated several unique aspects of
the structure and biology of rotator cuff
tendons. These characteristics undoubtedly
reflect the rotator cuff's unique function of
stabilizing and assisting in motion of the most
mobile and unstable joint in the body [12]

The major type of collagen in normal
rotator cuff tendon is type I, with trace
amounts of type III. Riley and co-workers
found that the collagen contents of the
supraspinatus tendon does not vary with age,
gender, or distal versus proximal location [13].

Using in situ hybridization with a probe
specific to human procollagen -1 type III
mRNA, Tomoganaga and co-workers found
high levels of it as late as 18 months following
apparent trauma in the tendon substance and
synovial tissues in complete-thickness tear [14].
Using in situ hybridization with a probe
specific to human procollagen a1 type I
mRNA, Hamada and co-workers found that
the level decreased as early as 4 months after
apparent trauma [5]. In our study, the level of
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Fig. 3 Semiquantitative reverse transcription-polymerase
chain reaction analysis of mRNA levels of procollagen IIL
Polymerase chain reaction products were analyzed as
described in the Materials and Methods section. Values

presented represent the mean + SEM for each group.

Normal group: 1.9 £0.61; Torn group: 0.95 £039. Statistically
significant differences between groups (p<0.001, analysis of
variance) are indicated with three stars.

expression of mRNA of procollagen I and III
did not differ statistically with respect to age
and gender in torn samples. There were also
no statistically significant differences in tear
size and duration of pain in torn samples.
Acute macrotrauma with tear at mid-substance
was not found in our series. It was hard to
determine the time of apparent trauma and
duration of shoulder pain. All tears were
located at the critical zone. Repetitive
microtrauma is thought to be a more
important factor in rotator cuff degeneration
than in acute trauma. In our study, the torn
edge of supraspinatus tendon was found
grossly to be white and thin in all tears. The
size of tear and duration of shoulder pain
were not apparently related to these gross
findings. All of our patients had chronic
degeneration of rotator cuff.

Uhthoff and Sarkar used an
immunohistochemical study to examine the
torn edge of human supraspinatus and
demonstrated type III collagen production at
its bursal side. Much of the initial healing
response may, in fact, be derived from bursal
tissue, suggesting that routine bursectomy at
the time of tendon repair may be ill advised
[6] Kumagai et al, using in situ hybridization,
found the presence of procollagen III mRNA
at the subacromial bursa and in the tendinous
tissue. Type III collagen is a component of the
normal synovium and its presence in the
bursal side of supraspinatus may not be
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evidence of extrinsic healing [15,16]. In our
study, procollagen III mRNA levels were
significantly lower at the torn edges of human
supraspinatus which suggested no active
healing process there.

Hamada K and co-workers, using in situ

hybridization, detected a high level of a(1)
type I procollagen mRNA expression in the
tenocyte and undifferentiated mesenchymal
cells near the torn portions of tendons with
complete-thickness tears and little expression
of a(l) type I procollagen mRNA in the
epitenon cells and the fibroblasts of the
subacromial bursa. They suggested that there
is much higher synthetic activity of type-I
collagen in the tendon than in the synovial
tissue of the acromial bursa in the middle or
late stages of torn supraspinatus tendon
healing. In our study, procollagen I mRNA
levels decreased significantly at the torn edges
of human supraspinatus which indicates that
no active healing process occurred.

In our study, lower levels of procollagen
I and III mRNA expression were found in
chronic torn samples which suggests that the
torn supraspinatus tendons were at the
atrophy stage and had little healing capacity.
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