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Bursal Tissue Harvested During Rotator Cuff Repair ®
Contains Viable Mesenchymal Stem Cells

updates.

Aliasgar H. Dalal, M.D., Shawn P. Grogan, Ph.D., Vinieth Bijanki, M.S.,
Benjamin Nwadike, M.D., Darryl D. D’Lima, M.D., Ph.D., and Laura A. Alberton, M.D.

Purpose: To evaluate the effect of intraoperative ablation on the viability, distribution, phenotype, and potential for
culture expansion of bursal cells harvested during arthroscopic rotator cuff surgery. Methods: Tissue was collected during
primary arthroscopic rotator cuff repair on 6 healthy, randomly selected patients from a fellowship-trained surgeon’s practice
between September 2020 and January 2021. There were 3 women (aged 60 + 8 years) and 3 men (aged 61 4+ 10 years). At
the time of surgery, subacromial bursal tissue was subjected to no ablation, 1 second of ablation, or 3 seconds of ablation.
Tissues were collected by an autograft harvesting system connected to an arthroscopic shaver and a pituitary grasper. Tissue
fragments from each condition were sampled for viability testing or cell isolation. A viability kit with confocal microscopy
was used to assess live and dead cells. Cell isolation consisted of collagenase digestion or placing tissue fragments onto tissue
culture—treated plates that induced migration of cells out of the tissue. Cell proliferation rates were monitored and surface
markers for mesenchymal stem cells (MSC) and pericytes were analyzed via multicolor flow cytometry. Results: Increased
ablation time significantly reduced cell viability. The mean percentage of live cells was 55.2% =+ 27.2% (range, 26%-90%
live) in the control group, 46.8% =+ 23.8% (range, 9.6%-69.6%, P = .045) in the short-ablation group, and 35.5% =+ 19%
(range, 11%-54%, P = .03) in the long-ablation group. No significant differences in population doubling level (1.6 £ 0.5
days) and population doubling time (6.7 £ 2.4 days) were observed in cells from any treatment. The surface marker profile
indicated an MSC phenotype with absence of a pericyte population. Ablation or cell isolation procedure had no significant
effect on the surface marker profile of isolated cells. Conclusions: Radiofrequency ablation significantly reduced the overall
tissue viability but had no significant effect on cell proliferation or expression of surface markers on isolated subacromial
bursal cells harvested arthroscopically. Clinical Relevance: Analysis of the viability and performance of cells harvested
after the use of ablation devices using mechanical surgical collection during rotator cuff repair surgery could further our
understanding of subacromial bursal tissue and its potential role in augmenting rotator cuff repair healing.

he prevalence of rotator cuff injuries in the general
population is approximately 22% and increases
with each decade of life." ™ Various biomechanical and
technical aspects related to optimizing the outcomes of

From the Department of Orthopaedic Surgery, St. Louis University School
of Medicine, St. Louis, Missouri, U.S.A. (A.H.D.); Scripps Health, Shiley
Center for Orthopaedic Research and Education at Scripps Clinic, La Jolla,
California, U.S.A. (S.P.G., D.D.D.); Orthopedic Surgery, Saint Louis Uni-
versity School of Medicine, St. Louis, Missouri, U.S.A. (V.B., B.N.); and
Scripps Health, Orthopaedic Surgery at Scripps Clinic, La Jolla, California,
US.A. (L.A.A.).

Received October 11, 2023; accepted April 11, 2024.

Address correspondence to Laura A. Alberton, M.D., Scripps Health, Or-
thopaedic Surgery at Scripps Clinic, 10666 North Torrey Pines Road, MS116,
La Jolla, CA 92027. E-mail: alberton.laura@scrippshealth.org

© 2024 THE AUTHORS. Published by Elsevier Inc. on behalf of the
Arthroscopy Association of North America. This is an open access article under
the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

2666-061X/231483

hitps://doi.org/10.1016/j.asmr.2024.100947

rotator cuff repair (RCR) have been studied extensively,
but RCR continues to have a nontrivial tendon retear
rate.}s—l()

Enhancing rotator cuff healing through biologic
means is another area of study.'''” Some techniques
include incorporating platelet-rich plasma and stem cell
treatments to augment repairs at the time of surgery.'*
Mesenchymal stem cells may help in healing RCRs.'”'°
Because the subacromial bursa contains a greater
number of mesenchymal stem cells (MSCs) over the
tendon than over the muscle, it is an easily accessible
local source for consideration to help RCR healing.'®'”
It may be a source for biological augmentation of a
repair without requiring additional invasive procedures
such as bone marrow harvest.'®'® Some studies have
advocated using stem cells from the bursa to augment
healing of RCRs.'”

During arthroscopic RCR surgery, an ablation device
is used frequently for subacromial bursectomy to aid
visualization for RCR. High temperatures can be
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detrimental to cell viability. Temperatures in the
shoulder when using cautery or ablation devices can
vary from 21°C to 38°C on average but sometimes
spiking to 45°C.?>** This raises concerns about poten-
tial detrimental effects on MSC viability in the bursa
tissue. Despite these high temperatures, studies have
shown that radiofrequency ablation to remove bursa
tissue is safe for cartilage and tendon during sur-
gery.”” > Morikawa et al.'” demonstrated that the
greatest number of nucleated cells in the bursa were
extracted through mechanical means. They found that
subacromial bursa cells showed significantly higher
proliferation compared with the cells derived from
concentrated bone marrow aspirate. When compared
with concentrated bone marrow aspirate, cells derived
from subacromial bursa showed significantly higher
differentiation ability and gene expression profiles
indicative of chondrogenesis, osteogenesis, and adipo-
genesis. Analysis of the viability and performance of
cells harvested after the use of ablation devices using
mechanical surgical collection during surgery could
further our understanding of subacromial bursal tissue
and its potential role in augmenting RCR healing. The
purpose of this study was to evaluate the effect of
intraoperative ablation on the viability, distribution,
phenotype, and potential for culture expansion of
bursal cells harvested during arthroscopic rotator cuff
surgery. We hypothesized that the use of ablation on
subacromial bursal tissue will not reduce cell viability or
expression of cell surface markers.

Methods

Tissue Harvest

Approval was obtained from the Scripps Health
Institutional Review Board for this study (14-6320).
Tissue was collected during primary arthroscopic RCR
on 6 randomly selected, healthy patients from a
fellowship-trained surgeon’s practice (L.A.A.) between
September 2020 and January 2021. There were 3
women (aged 60 + 8 years) and 3 men (age 61 £+ 10
years). Surgery was performed on days that the labo-
ratory was immediately available for collecting and
processing tissue. Patients with diabetes, cancer history,
recent COVID-19 infection, and/or active smokers were
excluded. Patients with concurrent procedures per-
formed such as arthroscopic debridement, biceps sur-
gery, or arthroscopic acromioplasty were not excluded.
Bursal tissue was obtained prior to work performed in
the subacromial space. At the time of the operation,
subacromial bursal tissue was subjected to no ablation,
a 1-second period of ablation, or a 3-second period of
ablation at level 10 (radiofrequency ablation device
SERFAS; Stryker). Tissue was collected by a commer-
cially available autograft harvesting system connected
to an arthroscopic shaver (GraftNet; Arthrex), as well as

by a pituitary grasper. The grasper harvest was used to
be able to readily identify an area of ablation for
confocal microscopy evaluation. At the time of surgery,
there were grossly obvious variations in the amount of
bursa present. Attempts were made to get enough tis-
sue to be able to perform all tests. Tissue was collected
immediately in the area of ablation. The tissue frag-
ments collected from the pituitary grasper and shaver
for each ablation condition were combined and asep-
tically transferred to transport medium consisting of
Dulbecco’s modified Eagle medium (DMEM) (Medi-
atech) and 1% penicillin/streptomycin/gentamycin
(Gibco). Tissue fragments from each group were pro-
cessed for assessment of cell viability or cells isolated for
assessment of proliferation and expression of MSC
markers.”® An overview of tissue collection and pro-
cessing is outlined in Figure 1.

Tissue Viability Assessment

Tissue viability was analyzed within 3 hours of har-
vest. Fragments of tissues (n = 3-4) from each treat-
ment were immersed in the live/dead cell viability
reagent (Live/Dead kit; Life Technologies) as previously
described.”® Briefly, the live/dead reagent consists of
Calcein-AM (1 mM) and Ethidium Homodimer-1 (8
mM) in phosphate-buffered saline (PBS). The tissues
were maintained in the reagent for 40 minutes in an
incubator (37°C, 5% CO,), washed with PBS solution,
and then imaged using a laser confocal microscope
(LSM-710; Zeiss). Live cells fluoresce green while the
nuclei of dead cells are red.

Cell Isolations

Tissues reserved for cell isolations were subjected to 2
different methods: enzymatic (collagenase) digestion or
isolation by cell migration. For enzymatic cell isolations,
the tissues were further minced into smaller pieces in
DMEM and suspended in 5 to 10 mL of 0.2% collage-
nase solution (DMEM and collagenase type II; Wor-
thington). The sealed tube was placed into the 37°C
shaker overnight (approximately 12-16 hours). The
digested samples were passed through a 100-um nylon
cell strainer, centrifuged, and then washed at least 2
times in PBS. Cells were transferred into T75-cm? flasks
and cultured in MSC media (Lonza) with medium
changes every 3 to 4 days.

For cell isolation via migration out of tissue, tissues
were minced finely before placing fragments into
several wells of a 6-well plate. The tissues were pro-
vided with 0.5 mL MSC medium overnight in a high-
humidity box in a CO, incubator. The next day, an
additional 1.5 mL of medium was added to each well.
Medium was changed every 3 to 4 days. Cells were seen
emerging from the tissues between 3 and 5 days. The
cells were cultured until most of the well was close to
confluence. The tissue fragments were removed, and
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Fig 1. Overview of study. Bursa tissues were randomly
treated with different ablation times and segregated for tissue
viability analysis or for cell isolation. Tissue viability was
assessed using the live/dead reagent to identify live cells
(green) or dead cells (red). Images were captured using a
confocal microscope. For cell isolation, tissue fragments were
either subjected to collagenase digestion or placed onto tissue
culture plastic in medium until cells migrated out. The cells
were expanded for 1 to 2 passages and used for cell prolifer-
ation and flow cytometry analysis or cryopreserved.

the cells were reseeded into T75-cm? flasks at a density
of 5,000 cells per cm?.

Cell Proliferation Assessment

Cells from each patient (N = 6) were used in the cell
proliferation assays. The initial seeded number of cells
for the first passage (P1) were recorded, and after 8 to
15 days, the final cell count was recorded. To determine

the population doubling level (PDL) and population
doubling time (PDT) in days, the following equations
were used.

PDL = (logN — logNO) / log 2

PDT = log 2 x At / (logN — logNO)

NO = Initial number of cells seeded; N = Total number
of cells harvested

Flow Cytometry

Cultured cells were detached, washed, and suspended
in fluorescence-activated flow cytometry buffer at a
concentration of 0.2 x 10° cells per 100 pL. Several
antibodies were used to examine surface marker
expression profiles. CD34 and CD45 are negative
markers for MSC.”” The positive MSC surface markers
tested were CD73, CD90, CD105, and CD271. CD140a
and CD140b were used to detect the presence of peri-
cytes.”® The antibodies were split into 2 panels with
different fluorochromes for multicolor flow cytometry.
Panel 1 included CD34-FITC, CD73- APC, CD271-
BV421, CDI140b-BV510, and CD105-BV650 (Bio-
Legend) and CD90-PE-Cy7 (BD Biosciences). Panel 2
included CDI140a-PE-Cy7 (BD Biosciences) and
CD166-APC and CD45-BV510 (BioLegend). Matching
isotype control IgGs with the same fluorochrome con-
jugates was used for background gating. To compensate
for spectral overlap, unstained cells and individual
tubes with each fluorochrome were incubated with
Dynabeads, VersaComp Antibody Capture beads
(Beckman Coulter, Inc., Brea, CA), to distinguish be-
tween positive and negative fluorochrome signals. Data
generated from the flow cytometer (Novocyte; ACEA
Biosciences) were analyzed using FlowJo software
(version 10; FlowJo, LLC) to determine the positive
signal for each surface marker relative to the nonspe-
cific signal control (isotype background).

Statistical Analysis

Paired 1-tailed ¢ tests were used to assess differences
in cell viability and proliferation rates, as well as for
comparisons between surface molecule expression of
cells isolated from ablation treatments and cell isolation
procedures (collagenase vs cell migration). Power
analysis estimated that a sample size of N = 6 would
detect significant differences in averages of 30% or
greater between groups with a power greater than 80%
at P values of .05 (R statistical package, R Foundation
for Statistical Computing, Vienna, Austria).

Results
Tissue obtained showed some patient-to-patient var-
iations in viability (Fig 2). The mean percentage of live
cells in the control group with no radiofrequency
ablation was 55.2% =+ 27.2% (range, 26%-90% live),
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the short-ablation group was 46.8% =+ 23.8% (range,
9.6%-69.6%, P = .045), and the long-ablation group
was 35.5% + 19% (range, 11%-54%, P = .03), indi-
cating a dose-dependent decrease in viability with
increasing time of ablation.

Viable cells isolated from all tissues had similar
growth and surface molecule characteristics. Cell
morphology following isolation appeared similar be-
tween patients and the different isolation approaches.
Figure 3 presents the typical cell morphology following
tissue migration. The growth kinetics were analyzed
from cells isolated from collagenase digested and the
cells that emerged from the tissue migration from all
ablation treatments. Overall, the PDL was 1.6 =+ 0.5
days, and the PDT was 6.7 £ 2.4 days (Fig 3 C and D).
No differences in PDL or PDT was detected between
ablation times or method of cell isolation.

The surface marker signature of the isolated cells was
not significantly altered due to treatment or cell
isolation procedure (Fig 4). The surface marker profile
indicates an MSC phenotype displaying the absence of
hematopoietic stem cell markers (CD34 and CD45);
high levels of CD73, CD90, and CD166 (>90%); and

Long Ablation

Long Ablation

Fig 2. Tissue viability following ablation.
(A) Representative confocal live/dead
viability images of bursa tissue (N = 6 pa-
tients) following no ablation (control), short
ablation, or long ablation (green signal =
live; red signal = dead). Scale bar: 200 mm.
(B) Image-based assessment of percentage
live cells showing a trend of reduced
viability with increased ablation time. A
range of viability (mean + 95% confidence
interval) was observed in all tissues
collected. Control tissue, 55.2% £ 27.2%
(range, 26%-90% live); short ablation:
46.8% =+ 23.8% (range, 9.6%-69.6%; *P =
.045); and long ablation, 35.5% £ 19%
(range, 11%-54%; **P = .03).

moderate levels of CD105 (~20%) but with very low
to negative levels of CD271. The very low to negative
expression of platelet-derived growth factor receptors
o and B (CD140a and CD140b, respectively) were
expressed in very few cells, indicating the absence of a
pericyte population. Expression of CD90, CD73,
CD105, and CD166 was not affected by radiofrequency
ablation. Representative flow cytometry histograms
showing specific surface marker profiles are presented
in Figure 5.

Discussion

We found a significant decrease in cell viability of
bursal tissue with longer durations of ablation. The
ablation-treated harvested tissues did show areas of
damage, but the residual viable cells proliferated in
culture and appeared to be MSC-like. Our study
showed that stem cell surface marker characteristics
were present on the bursal cells collected after the use
of the ablation. These MSC-like cells were present in all
samples with no detectable difference in PDL and PDT.

We noted a high patient-to-patient variability in cell
viability in the subacromial bursal tissue harvested at
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Fig 3. Cell morphology and cell prolifera-
tionrates. (A, B) Representative morphology
of cells isolated from bursa tissues using the
migration approach (49 female, passage 2).
(C) Population doubling levels (PDLs) for
cells derived from tissues following each
ablation treatment and isolation method in
days. (D) Population doubling time (PDT) for
cells derived from tissues following each
ablation treatment and isolation method in
days. (No significant differences were found
for either PDL or PDT between all treat-
ments.) (TM, Tissue migration.)
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the time of RCR surgery. At the time of surgery, pa-
tients visually had varying amounts of bursal tissue in
the subacromial space. In an effort to harvest enough
tissue for evaluation, more medial tissue was likely
harvested. The subacromial space has more stem cell
colony-forming units in the bursa over the tendon in
comparison to cells derived from medially tissue located
over the muscle.'” This could have been a factor in the
variability of cell viability in harvest tissues. Our har-
vested bursal cell populations displayed similar char-
acteristics to those previously reported by Levy,
Mazzocca®” and others.'”"'%?%2°*! subacromial bursal
cells proliferated and displayed an MSC-like profile. The
presence of cell surface markers CD73, CD90, CD166,
and CD105 on the bursal cells and the absence of he-
matopoietic stem cell markers CD31 and CD45 are
consistent with their results. Similarly, the surface
marker signature was not significantly altered due to a
cell isolation procedure. This study provides additional
support for the viability of MSCs obtained from sub-
acromial bursa tissue during arthroscopic RCR surgery.

Our study demonstrates that subacromial bursal tissue
collected under conditions during arthroscopic RCR
surgery using ablators and shavers contains cells
resembling the phenotype of MSCs. These results sug-
gest that harvesting bursal tissue during the procedure
is a viable option for biological augmentation. To
maximize cell viability, we recommend harvesting
bursal tissue prior to ablation. This study focused pri-
marily on assessing the viability of harvested cells and
their surface markers but did not investigate the func-
tional properties of these cells or evaluate their impact
on the long-term healing potential of rotator cuff
tendon repair.

In conclusion, our study provides insights into the
overall cell viability, cell proliferation, and the expres-
sion of MSC surface markers of MSCs harvested from
bursa tissue during RCR surgery. Despite areas of
ablation-induced damage, many harvested cells
remained viable and were able to proliferate in culture.
The tissue collected still contained MSCs despite fewer
living cells present with longer ablation times.
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Fig 4. Overview of surface molecules (percentage positive) present on isolated bursa cells. No significant difference in surface
molecule expression was noted due to ablation treatment. (A) Typical mesenchymal stem cell (MSC) surface molecules
expressed in all cells examined. (B) Additional surface molecules examined show background to negative levels of expression for
platelet-derived growth factor receptors o and  (CD140a and CD140b) indicating the lack of pericytes from this cell population.
Low-affinity nerve growth factor receptor (CD271), an MSC marker, was observed as negative, along with the classic he-
matopoietic stem cell markers CD34 and CD45, which are negative for MSC. (No significant differences in surface molecule
percentage positive signal were found between control and ablated tissues.)

Limitations

This study is not without limitations. One limitation is
the substantial variability observed in the viability of
harvested tissue samples, which may be attributable to
variability in the quantity and quality of bursa present

in each patient’s samples from the subacromial space.
The location of harvested tissue (e.g., bursal tissue over
the tendon vs over the muscle) could also introduce
potential confounding factors. In addition, we did not
standardize the amount of tissue collected by weight or
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Fig 5. Representative flow cytometry histograms of cells isolated from subacromial tissue. Red = positive signal for target surface

molecule; blue = isotype control for nonspecific binding.

volume. Despite this variability, we found a statistically
significant reduction in cell viability with the duration
of tissue ablation. Our sample size may limit the gen-
eralizations of the findings to all RCRs.

Conclusions
Radiofrequency ablation significantly reduced the
overall tissue viability but had no significant effect on cell

proliferation or expression of surface markers on isolated
subacromial bursal cells harvested arthroscopically.
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