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Are myofibroblasts activated in idiopathic carpal tunnel syndrome?
An immunohistochemical study

idiopatik karpal tiinel sendromunda miyofibroblastlar aktiflesir mi? immiinohistokimyasal bir calisma

Murat Yesil, MD., A. Kadir Bacakoglu, MD., Mehmet Dogan, MD.

Department of Orthopedics and Traumatology, Medical Faculty of Dokuz Eyliil University, izmir, Turkey

Objectives: This study aims to investigate whether
myofibroblasts participate in the fibrotic process of idiopathic
carpal tunnel syndrome (CTS).

Patients and methods: Forty patients (12 males, 28 females;
median age 50.85+11.2 years; range 30 to 71 years) who were
operated in our clinic between March 2010 and August 2010 were
included in the study. Twenty-five idiopathic CTS patients were
assigned to the study group, and 15 trauma patients were assigned
to the control group. Samples were taken from both transverse
carpal ligament and subsynovial connective tissue (SSCT) of
participants and they were analyzed by immunohistochemical
method. Four immunohistochemical markers were used to
analyze myofibroblast existence and vascular wall thickness
(alpha smooth muscle actin [a-SMA]), collagen type IV
antibodies, and T (CD3) and B (CD20) lymphocytes.

Results: The existence of myofibroblasts (a-SMA) in
SSCT of patients who were in early phase of idiopathic
CTS was shown through the positive reaction of their
antibodies with fibroblasts. A significantly increased reaction
of 0-SMA and collagen antibodies in vascular structure
of SSCT demonstrated increased vascular wall thickness
and vascularity in the study group (p<0.01). No significant
difference was detected between the two groups in terms of
T and B lymphocyte antibody reaction (inflammation).

Conclusion: The findings of this study indicate a potential
for myofibroblasts to be activated during the early phase
of the disease and contribute to the onset of disease.
Further studies with larger sample sizes would be of great
assistance in determining the role of myofibroblasts in
idiopathic CTS.
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Carpal tunnel syndrome (CTS) is the most common
compression neuropathy worldwide.! It has been
previously suggested that a discordance between
tissue volume and the size of the tunnel might cause

Amagc: Bu calismada miyofibroblastlarin idiopatik karpal
tunel sendromundaki (KTS) fibrotik surecte rol oynayip oyna-
madig1 aragtirildi.

Hastalar ve yéntemler: Mart 2010-Agustos 2010 tarih-
leri arasinda klinigimizde ameliyat edilen 40 hasta (12
erkek, 28 kadin; ort. yas 50.85+11.2 yil; dagilim 30-71
yil) calismaya alindi. Yirmi bes idiopatik KTS hastasi
calisma grubuna, 15 travma hastas: kontrol grubuna dahil
edildi. Katilimcilarin hem transvers karpal ligaman hem
de subsinovyal bag dokusundan (SSBD) ornekler alindi
ve bunlar immunohistokimyasal yontem ile analiz edil-
di. Miyofibroblast varligin1 ve damar duvar kalinligini
(alfa duz kas aktin [o.-DKA]), kollajen tip IV antikorlari,
T (CD3) ve B (CD20) lenfositleri incelemek icin dort
immiunohistokimyasal isaretleyici kullanildi.

Bulgular: Idiopatik KTS’nin erken agamasinda olan hasta-
larin SSBD’sinde miyofibroblast varlig1 (o.-DKA) antikorla-
rinin fibroblastlar ile pozitif reaksiyonu yoluyla gosterildi.
Subsinovyal bag dokusunun vaskiler yapisinda a-DKA ve
kollajen antikor reaksiyonunun anlamli sekilde artmis olmast,
calisma grubunda damar duvar kalinligi ve vaskilaritenin
artmis oldugunu gosterdi (p<0.01). Iki grup arasinda T ve B
lenfosit antikor reaksiyonu agisindan anlamli fark saptanmadi
(inflamasyon).

Sonug¢: Bu calismanin bulgulari, miyofibroblastlarin has-
taligin erken doneminde aktiflesip hastaligin baslangicina
katki yapma olasiliklar1 olduguna isaret etmektedir. Ileride
yapilacak daha buyuk orneklem sayili ¢alismalar miyofib-
roblastlarin idiopatik KTS’deki roliiniin anlagilmasina buyitk
katk1 saglayacaktir.

Anahtar sozciikler: Karpal; fibrozis; idiopatik; miyofibroblast; sendrom.

this disease. Previous studies have demonstrated
neither morphometric nor biomechanical differences
between transverse carpal ligaments in idiopathic
CTS.B
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Fibrosis, the most common histological finding
in idiopathic carpal tunnel syndrome, is observed
in subsynovial connective tissue of carpal tunnel
(SSCT) which is a meshwork of areolar connective
tissue and a vascular network.*? Some authors, we
currently agree, advocate that subsynovial connective
tissue is exposed continuously to shearing stress, and
thus responds with a wound healing reaction which
gradually increases fibrosis.! This phenomenon
results in a vicious cycle of increased shearing force
throughout SSCT because fibrosis increases both
the stiffness of the tissue and shearing modulus that
inevitably result in shearing force to be much more
effective.”8l

Fibroblasts are effective mechano-responsive
cells.”! It is shown that fibroblasts respond to
tension, compression and shearing forces with
expression of different genes, and they can even
change their phenotype to more fibrotic cells such as
myofibroblasts.l0M

Myofibroblast, transitioned from a fibroblast, is a
connective tissue cell which has both fibroblast and
muscle cell characteristics. Myofibroblasts contract
extracellular matrix and synthesize collagen as well.
Alpha smooth muscle actin (a-SMA) is the most
reliable marker for myofibroblasts.'l Transforming
growth factor beta (TGF-B1) has an important role for
myofibroblastic transformation of fibroblasts and it
shows its intracellular effects via some intracellular
effector molecules named as Smad proteins.'? In this
context; blockage of TGF-B/Smad protein cascade
have created new treatment strategies for fibrotic
diseases.™

We hypothesize that some of the fibroblast
population change their phenotype to myofibroblasts,
and by then this transformation triggers the fibrotic
process which leads to an abnormal increment of
tissue volume resulting in compression of median
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nerve within carpal tunnel. A comprehensive review
of literature demonstrated that there are only few
studies about myofibroblast activation in idiopathic
CTs.4

Unveiling both the role and presence of
myofibroblasts in idiopathic CTS is significantly
relevant for clinical practice because there are
new strategies that block fibroblast/myofibroblast
transformation cascade at different levels and it
may be possible to utilize these strategies also for
CTS.13¥ In this study, we aimed to investigate whether
myofibroblasts participate in the fibrotic process of
idiopathic CTS.

PATIENTS AND METHODS

The study was designed as a case-control prospective
study and conducted between March-August 2010.
We got approval from the ethics committee of Dokuz
Eyliil University (No: 2010/01-04) before commencing
the study. Our study included 40 patients (12 males,
28 females; median age 50.85+11.2 years; range 30 to 71
years) who underwent surgery in Orthopaedics and
Traumatology Department of Dokuz Eyliil University.
All participants signed an informed consent form
before participation. Patients who underwent
procedure for idiopathic CTS were included in study
group while those who had surgery for flexor tendon
injury or distal radius fracture (volar plate) were
assigned to control group. The study group consisted
of 25 patients (mean age 54.88+9.37) and control group
was comprised of 15 patients (mean age 44.13+11.16)
(Table I, II).

As no exact criteria for CTS diagnosis have
been defined up to date, diagnosis was based on
a combination of symptoms and nerve conduction
studies. Exclusion criteria were pathologies that
cause secondary CTS (diabetes mellitus, autoimmune
disorders, thyroid disorders, pregnancy, renal failure

TABLE |

Demographic data

Procedure *Control group (n=15) Study group (n=25) Total p*
n n % n %

Surgery for CTS 0 25 100 25 62.5
Surgery for distal radius fracture 12** 80.0 0 0 12 30.0
Surgery for flexor tendon injury 3 20.0 0 0 3 75
Symptom duration

0-12 months 10 40

>12 months 15 60

* Student t test; ** 1 patient who had distal radius fracture in control group was excluded from study since he was diagnosed with

rheumatoid arthritis. CTS: Carpal tunnel syndrome.
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TABLE Il

Age distribution

Control group Study group Total
n % MeantSD n %  MeantSD n % Mean+SD p
Age 44.13+11.2 54.881£9.4 50.85+11.2 0.002°
Gender
Female 5 333 23 92 28 70 0.001"
Male 10 66.7 2 12 30 '

SD: Standard deviation; * Chi square test, p<0.01.

TABLE Il

Types of injuries and time of surgery in control group

Time of surgery

Control group

1-2 weeks after injury 2-4 weeks after injury

>1 month after injury ~ Total number

Distal radius fracture* 10*
Zone |V flexor tendon injury 3

2 - 12
- - 3

* One patient was excluded as he was diagnosed with rheumatoid arthritis.

and history of dialysis, acromegaly, space-occupying
lesions in carpal tunnel, rheumatoid arthritis, gout
disease, amyloidosis), flexor tendinitis, morbid obesity,
body mass index higher than 40, traumatic injury in
the same extremity (for study group) and peripheral
nerve disease. Also anteroposterior and lateral wrist
radiographs were taken to exclude bony lesions that
limit tunnel space and might result in CTS. Fifteen
patients were excluded before participation as they
had one or more of these criteria, and one patient was
excluded from control group since he was diagnosed
with rheumatoid arthritis.

Twenty-five patients in the study group were
assigned into two groups according to their symptom
duration (Table I, II).

Control group was comprised of 15 patients.
We chose zone IV flexor tendon injuries and distal

Figure 1. Subsynovial connective tissue.

radius fractures necessitating surgical intervention
with volar approach, and carpal tunnel release
was already a part of these procedures in the
control group. Therefore, no additional dissection
or incision was made as part of our recent study
(Table II0).

Sample harvesting

Samples with a volume of 20-50 mm?® were
harvested from both subsynovial connective tissue
(SSCT) (Figure 1) and transverse carpal ligament
(Figure 2) for histopathological evaluation. For
standardization; SSCT samples were taken around
flexor digitorum superficialis tendon of middle finger,
closest and superficial tendon just lying along ulnar
side of median nerve without any lumbrical muscle
or tendon insertion, the same localization as previous
studies have mentioned.!

Figure 2. Transverse carpal ligament.
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Figure 3. (a) Transverse carpal ligament (dark arrow) and subsynovial connective tissue (red arrow) sample from study group (b)
Transverse carpal ligament (dark arrow) and subsynovial connective tissue sample (red arrow) from control group (no pathological

changes except for edema (H-E x 60).

Histopathological evaluation

Histopathological evaluation was carried out by
a pathologist and an orthopaedic surgeon as double-
blinded by semi quantitative method. Fibrosis,
inflammation and collagen type IV reaction were
classified as (+) mild, (++) moderate and (+++)
severe.

We investigated histopathological findings such
as stage of fibrosis, vascular proliferation, vascular
wall thickness, presence of chronic inflammation
(CD3 and CD20 stain), myofibroblast existence and
type IV collagen presence. Fibrosis was investigated
with Hematoxylin and eosin stain (H-E stain) and
myofibroblast existence, vascular proliferation and
vascular wall thickness were investigated by a.-SMA
stain on both transverse carpal ligament and SSCT
tissue samples. We evaluated chronic inflammation
with CD3, CD20 stains and collagen type IV
existence with specific immunohistochemical
stains. One of the samples from control group was
excluded as it had histopathological findings of
rheumatoid arthritis.

Statistical analysis

Number Cruncher Statistical System 2007&PASS
(Power Analysis and Sample Size) 2008 Statistical
Software (Utah, USA) program was used for statistical
analyses. Descriptive and quantitative data were
analyzed with Kruskal Wallis test for comparison
of parameters with abnormal distribution. Mann-
Whitney U test was applied for comparison of control
and study groups and for determination of the group
that caused the significant difference. Qualitative
data were analyzed with chi-square test and Fisher’s
Exact chi-square test, and p values of <0.05 were
considered significant.

RESULTS

There was a significant difference (p<0.01) in terms
of age and gender distribution between two groups.
Study group was significantly older and consisted of
more females than control group (p<0.01) (Table I, II).

Transverse carpal ligament

We found no significant difference between
transverse carpal ligament samples. Edema was a
common finding in all samples but there was no
sign of fibrosis, inflammation, vascular proliferation,
increment of vascular wall thickness and myofibroblast
existence in transverse carpal ligament (Figure 3).

Subsynovial connective tissue (SSCT)

As shown in Table III, edema was a common
finding in both study and control groups and fibrosis
was significantly more common in SSCT of study
group (Figure 4).

Study group had significantly increased fibrosis
(p>0.05) (Table IV) (Figure 4). Also, study group had
significantly increased vascular wall thickness in
SSCT (p<0.01). Forty-eight percent of study group had
increased vascular wall thickness in SSCT whereas
7.1% of control group had the same finding (Figure 5)
(Table IV).
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Figure 4. F|br03|s Increased cellularlty of fibroblasts (red
arrow) and irregular collagen fibers (dark arrow) (H-E x 100).
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TABLE IV

Histopathological findings in subsynovial connective tissue of carpal tunnel

Control group (n=14) Study group (n=25) Total
n % n Y% n % p

Edema

(+) 14 100 25 100 39 100 -
Fibrosis

=) 12 85.7 8 32 20 51.3

Mild 2 14.3 10 40 12 30.8 0.004*

Moderate 0 0 7 28 7 17.9
Inflammation

) 13 92.9 21 84.0 34 87.2

Mild 174 4 160 5 128 $0.636
Vascular proliferation

+) 3 214 7 28.0 10 25.6

) 1 78.6 18 72 29 74.4 0.652
Increment of vascular
wall thickness

+) 1 71 12 48.0 13 33.3 "

=) 13 92.9 13 52.0 26 66.7 0.009
Myofibroblast

(+) 0 0 3 12.0 3 7.7

=) 14 100 22 88.0 36 923 $0.540
CD 20

(+) 2 14.3 0 0 2 5.1

(=) 12 85.7 25 100 37 94.9 $0.123

Chi square test; * p<0.01; 1 Fisher’s exact chi square test.

We were able to observe myofibroblast presence
in SSCT of three samples from study group, and
these samples belonged to patients who had
symptom duration earlier than 12 months (Table V,
Figure 6). There was a significant relation involving
myofibroblast existence and symptom duration
(p<0.01). Collagen type IV reaction was observed
in vascular structure of SSCT. Study group had
significantly higher reaction rate for collagen type IV
in SSCT (p<0.05) (Table VI, Figure 7).

Figure 5. Vascular wall thickness: Alpha smooth muscle actin reacts with vascular smooth muscle

There was no significant difference in terms of
chronic inflammation and vascular proliferation
between SSCT of control and study groups (p>0.05).
(Figure 8, Table VI).

DISCUSSION

Carpal tunnel syndrome is the most common
compression neuropathy, and it is characterized
by a discordance between tissue volume and the
size of the tunnel.™ Fibrosis of SSCT is a common

", - _\H:" U % - .
(a) Normal vascular thickness (dar

arrow) (b) Increased vascular thickness (dark arrow), narrowing of vascular gap (red arrow), (Anti-human smooth muscle actin x 100).
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TABLE V

Correlation between symptom duration and myofibroblast
existence in study group

Myofibroblast
+ Total
F F n % P
Symptom duration
0-12 months 3 7 10 40 0.005*
>12 months 0 15 15 60

Chi square test; * p<0.05.

histopathological finding in idiopathic CTS.%%
Although some research has been carried out on
increased fibrosis of SSCT in idiopathic CTS, the exact
mechanism which induce or facilitate fibrosis has not
been established yet. The major objective of this study
was to identify myofibroblasts, a population of cells
that primarily induce fibrosis, in SSCT. Thus, this study
provides an opportunity to advance our knowledge
of myofibroblast activation in idiopathic CTS, and
this finding might have important implications for
utilizing antifibrotic treatment strategies for the
disease.l31!

Consistent with previous literature, our results did
not suggest any evidence regarding fibrosis, vascular
proliferation or increased vascular wall thickness in
transverse carpal ligament samples.”! Except edema,
our results for this tissue seemed even physiologic.

Inflammation showed no significant difference
between SSCT samples of two groups. We revealed
that T lymphocytes were more frequent than B
lymphocytes. However, our results were not adequate
to link CTS with any inflammatory process. So,
we agree with previous studies that report “a non-
inflammatory fibrosis” in SSCT.!

Previous studies have reported that repetitive
injury and mechanical stress on SSCT result in chronic
wound healing reaction and fibrosis.! Electron

Eklem Hastalik Cerrahisi

Figure 6. Myofibroblasts: Fibroblasts reacting (+) with alpha
smooth muscle actin (arrows), (Anti-human smooth muscle actin
x 100).

microscope studies about SSCT report that changes
in collagenous structure are mostly observed near
tendons that are exposed to shearing stress.'”! Then,
fibrosis induces excessive collagen and extracellular
matrix protein synthesis that cause reduction of
volume and ensuing compression of median nerve.
Consistent with previous literature, our results also
suggest a significantly increased fibrosis of SSCT in
study group.

There was no difference in vascular proliferation;
however, vascular wall thickness was significantly
increased in the study group. This can be attributed to
low elastin level which is caused by either ischemia or
fibrosis. In ischemia, tropoelastin gene expression is
reduced and the balance between elastin and collagen
is altered by collagen dominancy.™

To the best of our knowledge, no previous study
has investigated collagen type IV in SSCT. It is
typically located in basal lamina of vascular structure.
We identified collagen type IV in vascular structure
of SSCT, and it was significantly increased in study
group. This evidence also suggests increased vascular
proliferation and fibrosis in SSCT.

It is a matter of debate whether a wound healing
process or fibroblastic activation triggers the process

TABLE VI

Collagen type IV antibody reaction according to groups

Collagen type IV Control group (n=14) Study group (n=25) Total

n (%) n (%) n (%) p
Negative reaction 2 143 9 36 11 28.2
Mild reaction 4 286 0 0 4 103 0.013*
Moderate reaction 8 571 16 64.0 24 615

Severe reaction - -

Chi square test; * p<0.05
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Figure 7. Collagen type IV in subsynovial connective tissue:
basal lamina of vascular structure showed (+) reaction (arrows),
(Anti-collagen type IV x100).

leading to idiopathic CTS. As previously reported,
exceeding the threshold value of tissue stiffness
resulted in transformation of fibroblasts into
myofibroblasts with alteration in connective tissue
characteristics.’ Actually, it was crucial to prove
myofibroblast existence in CTS for both prospects
because these cells may have a leading role at final
sequence.

In the past, there have been some efforts to show
myofibroblast existence by indirect method (lyzil
oxidase activity) in carpal tunnel; however, it was
never identified directly in SSCT.*"! We were able to
prove that myofibroblasts were activated in SSCT
samples of early-phase patients. This was statistically
significant. Since myofibroblasts were a part of
dynamic fibroblast-myofibroblast transformation, it

was no surprise for us not to be able to observe these
cells in numerous samples. In fact, what we were
trying to achieve was to take a “snapshot” of this
dynamical process. We assume that we could have
a greater chance of observing myofibroblasts if we
had included more early-phase patients in our study
group.

Other limitations of our study were significant
age and gender mismatch between groups. Study
group was significantly older than control group and
included more female patients. However, a literature
survey of previous histopathological studies showed
the same limitation about age mismatch, and many
studies had even used cadaver samples as control
groups.518 On the contrary, we used trauma
patients as control group, and samples were fresh.
Therefore, exclusion criteria were applied properly
since we had more accurate medical history than
any cadaver study.

Overall, our results confirmed increased
fibrosis in SSCT (increased vascular wall
thickness, increased collagen type IV reaction)
and myofibroblast activation in early-phase of
disease. For clarity, determination of exact role
of myofibroblasts in CTS may help to enhance
new treatment strategies for both preventing and
decelerating fibrosis (e.g. Smad protein inhibition,
TGEF-f inhibition) in the disease.

Our study may inspire future studies since we
were able to obtain some evidence for myofibroblast
activation in idiopathic CTS. Doubtlessly, further
research with larger sample sizes would be of great
assistance in understanding the role of myofibroblasts
in idiopathic CTS.

Figure 8. (a) Normal vascularity (arrows) (b) Increased vascularity (arrows), (Anti-human smooth muscle actin x100).
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