Knee Surgery, Sports Traumatology, Arthroscopy (2021) 29:2228-2236
https://doi.org/10.1007/500167-020-05992-9

SHOULDER q

Check for
updates

Increased levels of inflammatory markers in the subscapularis tendon
and joint capsule in patients with subacromial impingement

Stefanos Farfaras'* - Leyla Roshani' - Jan Mulder® - Nicholas Mitsios? - Erling K. Hallstrom-2 - Jiiri-Toomas Kartus'>*

Received: 8 February 2020 / Accepted: 7 April 2020 / Published online: 30 April 2020
© The Author(s) 2020

Abstract

Purpose To analyze biopsy samples from the subscapularis tendon and from the joint capsule from male patients with sub-
acromial impingement syndrome and compare them with samples from male patients with post-traumatic recurrent shoulder
instability, to detect increased inflammatory activity that might be present inside the humeroscapular joint.

Methods Twenty male patients scheduled for surgery for either subacromial decompression or Bankart reconstruction were
included. Four biopsies from each patient were obtained during surgery from the capsule and the subscapularis tendon. Each
specimen was analyzed for TNF-a, IL-6, CD-3 and CD-72. Multiplex fluorescence immunohistochemistry was performed
on histological samples from the capsule and tendon to demonstrate the level of inflammatory markers. Fluorescence micro-
scope images were acquired using an automated scanning system. On each slide, the number of pixels was registered and
used in the analyses.

Results The subacromial impingement syndrome group comprised eight patients, median age 53 (45-74) years, while the
instability group 12, median age 27 (22—48) years (p <0.00001). The amount of IL-6 and TNF-«a was significantly higher
in the subscapularis tendon of the patients with subacromial impingement syndrome compared with instability patients
(»=0.0015 and p=0.0008 respectively). In the capsular samples, significantly higher amount of TNF-a and CD-72 was
found in patients with subacromial impingement syndrome compared with instability patients (p < 0.0001 for both). On the
other hand, the amount of CD-3 was significantly higher in the instability group (p =0.0013).

Conclusions This study provides evidence that an extended inflammatory process is present, not only in the subacromial
bursa but also in the glenohumeral joint in patients with subacromial impingement syndrome.

Level of evidence Level III.

Clinical relevance To develop a treatment targeted towards intra-articular inflammatory cytokines appears appealing.

Keywords Subacromial impingement syndrome - Shoulder instability - Shoulder arthroscopy - Cytokines - Pathogenesis -
Biopsy analyses
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be difficult to distinguish from the more common second-
ary impingement syndrome caused by instability. It often
appears in persons under 25 years of age. Stage Il is charac-
terized by irreversible changes to the cuff, such as fibrosis
and tendinitis, and it is often seen in patients between 25 and
40 years of age. In SAIS Stage III, chronic changes, such as
partial or complete tears of the rotator cuff, are present. The
latter appears in patients of more than 40 years of age. Neer
proposed that the syndrome results from direct mechanical
conflict between the acromion and the adjacent structures
and the rotator cuff [34]. This theory is called the extrinsic
theory. Subsequently, another explanation of the syndrome,
the intrinsic theory, has been proposed. According to this,
the syndrome is a result of chronic degenerative and inflam-
matory changes in the rotator cuff and the subacromial bursa
which lead to the thickening of the subacromial soft tissue,
which then results in friction and mechanical conflict in the
subacromial space [8, 9, 12, 15, 19, 29, 43, 45].

Several studies have been performed to clarify the patho-
genesis of the syndrome. Among other things, this involves
studies of the kinematics of the rotator cuff [16-18] and
the degeneration of the cuff [8, 10, 12, 15], together with
radiographic studies of the configuration of the acromion
[3, 31, 39]. There is evidence that an inflammation occurs
in the subacromial bursa, due to pro-inflammatory cytokine
activation [4, 5, 25, 40, 47]. However, there is little evidence
relating to whether or not an inflammatory process is present
in only the subacromial space or if it is also present in the
adjacent humeroscapular joint.

The purpose of this study was to analyze biopsy samples
from the subscapularis tendon and from the joint capsule
from male patients with SAIS and compare them with sam-
ples from male patients with post-traumatic recurrent shoul-
der instability, to detect increased inflammatory activity that
might be present inside the humeroscapular joint. The future
perspective is to use knowledge from the present study to
develop new treatment methods for painful shoulders.

The hypothesis of the study was that patients with SAIS
would experience an increase in inflammatory mediator
expression in their subscapularis tendon and joint capsule
compared with patients with post-traumatic recurrent shoul-
der instability.

Materials and methods

The patients were referred from the primary care units in
the catchment area of NU-Hospital Group, Vistra Gotaland,
Sweden. The study protocol was approved by the Regional
Ethics Committee, Vistra Gotaland, Sweden (IRB: Dnar
076-12).

Patients scheduled for surgery, with either subacromial
decompression or Bankart reconstruction, were eligible to

participate in the study. To reduce one source of bias, only
male patients were asked to participate, due to the inherent
difficulty involved in recruiting females with shoulder insta-
bility. Furthermore, there is contradictory evidence that the
levels of cytokines may vary during the menstruation cycle
and/or menopause [13, 27, 28, 32, 41].

The exclusion criteria were female gender, age < 18 years,
full-thickness supra- and/or infraspinatus tendon tears and/
or macroscopic intra-articular subscapularis tendon tears
for the SAIS group, a glenoid fracture larger than a bony
Bankart lesion for the patients planned for Bankart recon-
struction, co-morbidities such as diabetes, rheumatoid arthri-
tis or osteoarthritis and SAIS Stage III. All the patients gave
their written consent, prior to enrollment.

Twenty patients were recruited to the study, based on the
power analysis. The enrollment of patients began in April
2012 and ended in June 2013. The study group consisted of
eight consecutive patients with SAIS, who were scheduled
for arthroscopic subacromial decompression, after having
been treated conservatively for at least three months with
NSAIDs, subacromial corticosteroid injections and/or physi-
cal therapy. The diagnosis was determined with history and
clinical tests with a positive painful arc test and positive
impingement tests. None of the patients had a full-thickness
rotator cuff tear, as determined preoperatively with MRI or
ultrasound examination and confirmed macroscopically
during arthroscopy. The control group consisted of 12 con-
secutive patients with post-traumatic recurrent shoulder
instability. These patients were the subject of surgical sta-
bilization due to recurrent dislocations. All the subjects had
dislocated their shoulder at least three times before referral
to an orthopedic specialist. None of the control patients had
macroscopic rotator cuff tears.

Before the arthroscopic intervention (subacromial decom-
pression for the SAIS group and Bankart reconstruction for
the Instability group), a complete diagnostic arthroscopy
was performed on each subject. After the diagnostic arthros-
copy, four full-thickness biopsies were obtained from the
cranial part of the mid-portion of the subscapularis tendon
and four from the joint capsule just below the caudal part of
the subscapularis tendon (Figs. 1 and 2, respectively). The
biopsy samples were harvested with an arthroscopic punch.
Their size was approximately 1-2 X 1-2 mm. The specimens
were fixed in 4% neutral-buffered formalin immediately after
harvest and embedded in paraffin. Each specimen was cut
using a sliding microtome and mounted on SuperFrost slides
(Histolab Products AB, Sweden). Two identical slides from
the most representative sample from each patient were sec-
tioned and mounted.

Each specimen was analyzed for TNF-a, IL-6, CD-3 and
CD-72. TNF-a and IL-6 are pro-inflammatory cytokines
which are expressed early and play a central role in the
inflammatory process [20]. CD-3 and CD-72 are cell surface
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Fig. 1 Subscapularis harvesting during the arthroscopic procedure.
*SCP subscapularis tendon

Fig.2 Capsule tissue harvesting during the arthroscopic procedure.
*Capsule joint capsule of the ventral part of the shoulder just below
the subscapularis tendon

molecules (Clusters of Differentiation—CD) aiming at T
cells and B cells, respectively [2]. T cells are important
in the initial stages of inflammation by activating B cells,
through the expression of various cytokines, or killing
infected cells by transformation into killer T cells (natural
killer cells). Once they are activated, the B cells produce
various antibodies in the inflammation process.

Multiplex fluorescence immunohistochemistry

Multiplex fluorescence immunohistochemistry was per-
formed on histological sections from capsule and tendon
sections to demonstrate the level of inflammatory mark-
ers. All the sections were initially treated on an automated
Leica Biosystems (Worldwide) Bond RX system as follows.
Briefly, sections were deparaffinized (Bond Dewax solution
AR9222, Leica Biosystems, Worldwide), rehydrated and
treated for 40 min in an ethylenediaminetetraacetic acid
(EDTA)-based pH 9.0 solution (Bond Epitope Retrieval
solution 2 AR9640, Leica Biosystems, Worldwide) to
unmask the antigens. Slides were subsequently incubated in
normal donkey serum for 30 min. Two identical slides from
each patient were treated separately using different primary
antibodies in two experiments. The slides were incubated
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overnight at 4 °C. The primary antibodies used in experi-
ment 1 were the T-cell marker CD3E (HPA043955, Atlas
Antibodies, Sweden), B-cell marker CD-72 (HPA044658,
Atlas Antibodies, Sweden) and IL-6 (HPA060030, Atlas
Antibodies, Sweden). In experiment 2, the antibodies were
endothelial cell marker CD31 (sc-1506, Santa Cruz Biotech-
nology, Dallas, USA), TNF-alpha (TNF-a) (HPA064998,
Atlas Antibodies, Sweden) and Collagen I (AB6308, Abcam,
Worldwide) diluted (1:600, 1:600, 1:800, 1:70, 1:2000 and
1:200, respectively) in Bond Primary antibody diluent
(AR9352, Leica Biosystems, Worldwide). After incubation
with primary antibodies, the redundant antibodies were
washed 3 X 15 min in phosphate-buffered saline (PBS) and
incubated for 90 min at room temperature with an appropri-
ate secondary antibody tagged with different fluorophores
[anti-mouse, -rabbit or -goat, Fluorescein IsoThioCyanate
(FITC)-, Cyanine 3.5 (Cy3.5)- or Cyanine 5 (Cy5)-conju-
gated] diluted 1:200 in Tris/HCL, NaCl Blocking Buffer
(TNB) (Perkin Elmer, Poland). After incubation with sec-
ondary antibodies, slides were washed 3 x 15 min in PBS.
Furthermore, slides were incubated for 10 min in 1% Sudan
Black solution (Sigma/Merck, Germany) in 70% ethanol
to quench autofluorescence and mounted in 4’,6-diamid-
ino-2-phenylindole (DAPI)-containing mounting medium
(P-36931, Life Technologies, Massachusetts, USA).

Slide scanning microscopy and image analysis

Fluorescence microscope images were acquired on an auto-
mated scanning system (VSlide Scanning Platform, Meta-
Systems GmbH, Altlussheim, Germany) equipped with a
CoolCube 2 camera, 2.5%, 5%, 10x and 20X objectives and
filter sets for DAPI (to visualize the cell nuclei in both exper-
iments), FITC (to visualize Collagen I and CD3E in experi-
ments 1 and 2, respectively), Cy3.5 (to visualize CD-3 and
CD-72 in experiments 1 and 2, respectively) and CyS5 (to vis-
ualize TNF-« and IL-6 in experiments 1 and 2, respectively).
Whole microscope slides were scanned at 2.5 X and tissue
was detected based on the DAPI signal. After generating a
position map, all tissue-covered areas were scanned using
a 10 X primary objective (when the signal intensity was not
strong enough, 20 X was the primary objective chosen). Indi-
vidual field of view images were stitched to generate a large
four-channel fluorescence image of the entire specimen with
microscopic resolution. Fluorescence intensity and distribu-
tion of proteins around different parts of tendon structure
were analyzed using ImageJ (ImageJ National Institute of
Health Software). The various tissue areas were segmented
based on the staining patterns of collagen and endothelial
cells and information available in the literature [23]. How-
ever, the evaluation of the tendon biopsies involved all the
parts of the tendon (epitenon, paratenon and endotenon) as
a whole. No separate analyses for the different parts of the
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tendon were made. The size, intensity and distribution of
proteins were determined using particle analysis, where the
cut-off size and circularity were adjusted accordingly. On
each slide, the number of pixels was registered and used
in the analyses. The measurement accuracy was one pixel;
however, in the results, the mean value of the measure-
ments for each cytokine is reported with an accuracy of one
decimal.

CD31 and Collagen I were used for orientation pur-
poses and, as a result, they were not used any further in the
analyses.

Statistics analyses

Mean (SD) or median (range) values are presented when
applicable. A p-value of <0.05 was considered statistically
significant. All p-values are two tailed. For comparisons
of the number of pixels and other parametric variables, the
unpaired #-test was used.

The primary variable in the study was the number of pix-
els for the different inflammatory markers in the biopsies.

In the power analysis, it was estimated that a difference of
one pixel in mean intensity between the groups would be of
interest to detect. It was estimated that the standard deviation
would be up to eight times the difference between groups.
To reach a power of 80%, 1006 counts from each group were
required for each comparison.

Results

The age distribution in the study groups is presented in
Table 1.

A correlation analysis between age and pixel intensity
revealed low and random, both positive and negative, cor-
relations (Table 2).

The amount of IL-6 and TNF-a was significantly higher
in the subscapularis tendon of the patients with SAIS com-
pared with instability patients. No significant difference was
found regarding CD-3 and CD-72 (Table 3).

Table 1 Age of the study groups

Diagnosis Number Age (years)

Mean Min—max SD
SAIS 8 57.5 45-74 10.7
Shoulder instability 12 30.4 22-48 8.0
p-value <0.00001*

Bold p-values indicate a statistically significant difference
SD standard deviation

*Patients suffering from SAIS were significantly older than patients
with shoulder instability problems

Table 2 The correlation of pixel intensity to the age of the patients

Cytokine Location Group Correlation co-
efficient (Rho)

CD-3 Capsule Pain —0.06

CD-3 Capsule Instab 0.16

CD-3 Tendon Pain 0.11

CD-3 Tendon Instab 0.08

CD-72 Capsule Pain -0.07

CD-72 Capsule Instab —-0.03

CD-72 Tendon Pain —0.08

CD-72 Tendon Instab —0.18

1L-6 Capsule Pain —-0.22

1L-6 Capsule Instab -0.03

1L-6 Tendon Pain -0.12

1L-6 Tendon Instab 0.04

TNF-alfa Capsule Pain —0.10

TNF-alfa Capsule Instab —0.10

TNF-alfa Tendon Pain 0.03

TNF-alfa Tendon Instab —0.06

In the capsular samples, significantly more TNF-o and
CD-72 were found in patients with SAIS compared with
instability patients, as is shown in Table 4. On the other
hand, CD-3 was significantly higher in the instability group.
No significant difference in IL-6 was found.

Figure 3 illustrates the differences in protein expression
in the joint capsule and the subscapularis tendon between
the instability and the SAIS group patients.

Discussion

The most important finding in the present study is the pres-
ence of increased levels of pro-inflammatory cytokines
both in the subscapularis tendon and in the joint capsule in
patients with SAIS compared to patients with shoulder insta-
bility. This finding suggests that a more widespread inflam-
matory process is present in patients with SAIS, affecting
not just the subacromial bursa but also structures not directly
adjacent to it.

The role of pro-inflammatory cytokines has been demon-
strated in the subacromial bursa in patients with both rotator
cuff disease and other shoulder conditions. Rahme et al. have
demonstrated an increase in the number of inflammatory
cells (mononuclear cells) in bursal biopsies in patients with
SAIS [37]. Increased levels or the expression of TNF-a and
IL-6 in the subacromial bursa have been found by Sakai
et al. [40], Blaine et al. [4, 5], and Voloshin et al. [47] in
patients with rotator cuff tears compared with controls. Shih
et al. has also reported increased levels of IL-1f in patients
with rotator cuff tears (partial- and full-thickness tears) [42].
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Table 3 The mean

. . CD-3 CD-72 IL-6 TNF-a
concentration expressed in
pixels of CD-3, CD-72, IL-6 Mean SD Mean SD Mean SD Mean SD
and TNF-a in the subscapularis
tendon SAIS (pixels) 5.7 6.0 33 2.8 5.8 132 8.5 174
Counts n=932 n=_889 n=2889 n=2943
Shoulder insta- 5.7 16.5 3.1 2.6 4.6 8.3 7.4 12.0
bility (pixels) n=2532 n=2532 n=2532 n=>5654
Counts
p-value N.s.* N.s.* p=0.0015 p=0.0008
Bold p-values indicate a statistically significant difference
*n.s non-significant
Table4 Themean CD-3 CD-72 IL-6 TNF-o
concentration expressed in
pixels of CD-3, CD-72, IL-6 Mean SD Mean SD Mean SD Mean SD
and TNF-a in the capsule
SAIS (pixels) 5.8 114 4.2 35 4.0 6.8 7.9 12.9
Counts n=3812 n=3812 n=3812 n=7421
Shoulder insta- 6.7 15.6 35 3.7 43 9.3 54 8.8
bility (pixels) n=5767 n=>5767 n=5767 n=18,908
Counts
p-value p=0.0013 p<0.0001 n.s.* p<0.0001

Bold p-values indicate a statistically significant difference

*n.s. non-significant

Kanbe et al. have shown an increase in the expression of IL-6
around vascular tissue in patients with frozen shoulder and
concomitant SAIS (synovial proliferation during arthroscopy
at the rotator interval) [22]. It has also been reported by
other authors that frozen shoulder may develop secondary
to subacromial bursitis [35]. Furthermore, increased levels
of IL-8 have been reported by Okamura et al. [36] and dys-
regulation of cytokines expression has been described by
Akbar et al., in patients with frozen shoulder [1]. In the pre-
sent study, increased levels of pro-inflammatory cytokines
were found in the shoulder joint capsule and subscapularis
tendon. This implies that the source of pain may be a diffuse
inflammatory process which extends beyond the subacromial
bursa. As the patients included in the present study had no
perforating rotator cuff tears, it is unlikely that the increased
expression of cytokines in the specimens was due to prolif-
eration/affection from the inflamed subacromial bursa. This
finding must, therefore, be regarded as a local inflamma-
tion. Gotoh et al. [14] have demonstrated increased levels of
IL-1p in the glenohumeral synovia in patients with rotator
cuff disease and perforating rotator cuff tears compared with
those with non-perforating tears. This finding is in line with
the results in the present study, even though the increase in
Gotoh’s study may be due to the proliferation of cytokines
through the perforating tear. Furthermore, in Gotoh’s study,
no control group with a healthy tendon was analyzed.

To date, the exact role of various pro-inflammatory
cytokines in the human body has not been investigated in
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detail. It is known that IL-1p is expressed in the early stages
of inflammation together with TNF-a and induces the pro-
duction of IL-6 [20]. Furthermore, Tsuzaki et al. have dem-
onstrated that IL-1 induces IL-6, among other factors, in
the flexor digitorum profundus specimens in normal controls
[44]. These data support the findings in the present study
that TNF-a and IL-6 play a role in the inflammation of the
subscapularis tendon and joint capsule in SAIS patients.
Increased levels of IL-8 and IL-18 have been found in the
synovial fluid of patients with OA of the shoulder joint
compared to healthy individuals [46]. It is possible that, in
a similar pattern, more cytokines, such as IL-8 or IL-18,
may also be increased in SAIS patients. It was, however,
decided in the present study to determine the cytokines to
be analyzed in advance and limit the number of analyses to
TNF-a as a pro-inflammatory cytokine and to IL-6 which
is expressed later in the inflammation cascade process [20]
and not to screen for whichever cytokines might be present.

Another finding in the present study is the increased
amount of CD-72 in the capsule of SAIS patients. CD-72
is a glycoprotein involved in B-cell proliferation and dif-
ferentiation [38]. Furthermore, it is a B-cell receptor [21].
This indicates an increase in the activity and proliferation
of B-cells in the synovial tissue of the joint. The increased
level of pro-inflammatory cytokines and B-cell activators
in the subscapularis tendon and joint capsule of SAIS
patients in the present study suggests a more comprehen-
sive inflammation than in the subacromial bursa alone.
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cD72/I1L-6/ /DAPI

P19561/2012 CAPSULE P18512/2012 TENDON P18512/2012 CAPSULE

P19561/2012 TENDON

Fig. 3 Fluorescence microscope images of the analyzed samples. The
figures depict protein expression in capsule and tendon tissue samples
from two patients, one from the instability group (P18512/2012) and
one from the SAIS group (P19561/2012). Representative staining is
shown for the inflammatory molecules TNF-« and IL-6, together with
T-cell marker CD3E, B-cell marker CD72, endothelial marker CD31

Collagen/TNFa/ /DAPI

O Stefanos Farfaras

and Collagen I. CD-31 and Collagen I were used for orientation pur-
poses and, as a result, they were not used any further in the analy-
ses. A general trend towards more robust signaling for TNF-a, IL-6
and CD-72 is evident in cells from the SAIS patients compared with
instability patients. Scale bar 5 pm (yellow bar) and 20 um (white
bar)
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This may be due to the endocrine action of the cytokines
in question or to diffusion into the adjacent tissues. It can
therefore be assumed that the inflammation that occurs in
the subacromial bursa has a distal effect even towards the
joint capsule.

Subacromial corticosteroid injections and NSAIDs
have been broadly used in the management of subacro-
mial impingement. As it appears that the inflammation is
not only localized to the subacromial bursa alone, but also
is spread to adjacent structures. Treating these structures
as well might also be indicated. A selective and effective
factor, such as a cytokine antagonist towards TNF-a and
IL-6, may be of interest. This would offer a target-specific
therapy and would possibly avoid the side effects of corti-
costeroid use. To the author’s knowledge, no treatment of
this kind has so far been applied.

This study has several limitations. Firstly, the number
of cytokines and the role of each of them in the inflam-
mation cascade are not well known. Only some, albeit
predetermined, cytokines involved in this process were
analyzed. This may represent a risk that an analysis of
other cytokines might have led to another conclusion. It is
possible that other cytokines, such as IL1, IL-8 or IL-18,
are also increased in SAIS patients. Furthermore, there
is an inherent difference in the age of the study groups.
This was, unfortunately, inevitable, due to the prevalence
of shoulder instability in younger individuals. A control
group of age-matched healthy individuals would natu-
rally have been better, but this was impossible for ethical
reasons. The age difference may have altered the results
towards an increase in cytokines in older individuals.
There is limited evidence of this and most results refer to
blood measurements and not to local tissue samples, as in
the present study. Ferucci et al. have found progressively
increasing levels of IL-6 (among other cytokines) with
age but no increase in TNF-a in blood sample analyses
[11]. These findings are, however, difficult to interpret,
as it is not known whether this increase in cytokine levels
with age is inherent or secondary to co-morbidities (such
as cardiovascular disease, diabetes, arthritis, Alzheimer
disease) [7, 24, 30]. Taken together, there is diverging evi-
dence relating to what happens to cytokines during aging.
The correlation analysis in the present study revealed only
low and random, both positive and negative, correlations
between age and pixel intensity. This indicates that age did
not act as a bias factor in the present study. Additionally,
the results of the present study only refer to male patients,
which, due to cyclical hormonal changes in females, might
not be a true weakness. As always, it is necessary to con-
sider that the study maybe was under-powered, in spite of
the large number of pixel counts registered.

The strengths of this study include the fact that cytokines
were measured in tissue specimens from the affected area
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and not in the bloodstream and that it was performed on
humans.

Conclusion

This study provides evidence that an extended inflamma-
tory process is present, not only in the subacromial bursa
but also in the glenohumeral joint in patients with SAIS.
Therefore, a treatment targeted towards intra-articular
inflammatory cytokines appears appealing.
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