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Abstract

OBJECTIVE: To assess the biological effects of injection on the viability and metabolic activity
of culture-expanded, human adipose derived mesenchymal stromal/stem cells (AMSCs).

DESIGN: Prospective observational pilot study.
SETTING: Academic medical center.
PARTICIPANTS: Patient-derived clinical-grade culture expanded AMSCs.
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INTERVENTIONS: AMSCs were passed through syringes without a needle attached (control),
with an 18-gauge (25.4mm) needle attached and with a 30-gauge (19mm) needle attached at a
constant injection flow rate and constant cell concentrations. Each injection condition was
completed in triplicate.

MAIN OUTCOME MEASURES: Cell number and viability, proliferative capacity, metabolic
activity, and acute gene expression as measured by cell counts, mitochondrial activity, and
quantitative real time reverse-transcriptase polymerase chain reaction (qQRT-PCR) on day 0
(immediately), day 1, and day 4 after injection.

RESULTS: AMSC viability was not significantly affected by injection and cells proliferated
normally regardless of study group. Post-injection, AMSCs robustly expressed both proliferation
markers and extracellular matrix proteins. Stress-response mRNAs were markedly but transiently
increased independently of needle size within the first day in culture post- injection.

CONCLUSIONS: Human, culture expanded AMSCs maintain their viability, proliferative
capacity and metabolic function following passage through needles as small as 30 gauge at
constant flow rates of 4 ml/min, despite an early, non-specific stress/cytoprotective response.
These initial findings suggest that culture expanded AMSCs should tolerate the injection process
during most cell-based therapeutic interventions.
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INTRODUCTION

Since the initial characterization of mesenchymal stromal/stem cells (MSCs) by Friedenstein
and colleagues half a century ago? 2, these cells have been isolated from a variety of human
tissues3-8. In addition to their capacity for proliferation and multi-lineage differentiation,
MSCs possess potent anti-inflammatory, immunomodulatory, anti-apoptotic and trophic
capabilities®19. Recently, MSC-based therapies have demonstrated potential benefits in the
treatment of a wide range of medical conditions, including myocardial infarction, kidney
injury, multiple sclerosis, type | diabetes, and spinal cord injury1l: 12.16,20-26 Qyr group
focuses on clinical applications of adipose-tissue derived mesenchymal stromal/stem cells
(AMSCs) cultured in platelet lysate for joint regeneration and repair of skeletal tissues'3-15,

Osteoarthritis (OA) is the most common adult joint disease and currently affects 27 million
individuals in the United States2”- 28, OA is characterized by cartilage loss, changes in
subchondral bone, synovitis, and skeletal deformity2%-33, The economic burden of OA is
high, with over 185 billion dollars spent annually to diagnose and treat patients suffering
from OA34. These costs are expected to rise with the aging population, presenting a need to
develop effective conservative treatments3°. MSCs have potential therapeutic value in OA
because they can reduce inflammation and programmed cell death (apoptosis), and in theory
are capable of restoring cartilaginous tissue damaged by OA or traumatic injury®: 10 18. 19,
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Preliminary clinical and translational studies suggest that both culture-expanded bone
marrow-derived mesenchymal stromal/stem cells (BMSCs) and AMSCs may diminish OA
symptoms and possibly heal tissues in some individuals. Several reports have indicated that
injections of BMSCs into patients with moderate to severe knee OA may improve pain by
40- 90% within two to six months without serious adverse events36-39. In some patients,
magnetic resonance imaging (MRI) also revealed evidence for meniscal or hyaline cartilage
regeneration. In a more recent study, a single, variable dose, AMSC injection in patients
with moderate to severe knee OA improved pain by approximately 50% without serious
adverse events??. Moreover, patients receiving the highest cell dose (100 million cells)
exhibited evidence of cartilage healing, consistent with the potential disease-modifying
effects of AMSCs?#0. Although further investigation is needed to explore the relative
therapeutic benefit of AMSCs vs BMSCs for OA, AMSCs do offer several advantages over
BMSCs, including their relative ease of harvest, higher yield, and resistance to age-related
declines in proliferative potential and cellular function1-13 16, 40-42

For MSCs to have therapeutic affects for OA, they must be successfully delivered into the
joint with minimal effects on viability and function. However, during needle expulsion,
MSCs may experience levels of fluid pressure and shear stress beyond those that they
naturally encounter in the body. Prior studies have documented adverse effects of shear
stresses applied to red blood cells by a rotational viscometer3, Because the approximate
diameter of MSCs can range up to 20 to 30 um it can be expected that MSCs will experience
fluid shear stresses as they pass through needles commonly used for clinical care, and these
stresses vary as a function of needle bore diameter via the Hagen-Poiseuille equation seen
below (i.e., gauge)**. Despite the expectation that fluid shear stress may compromise cell
viability, few studies have investigated the biological effects of needle gauge on human
MSCs (Table 1)#>-48. Furthermore, no previous study has investigated the biological effects
of needle passage on human AMSCS.

As experimental MSC-based therapies for the treatment of joint degeneration typically
require expulsion of cells through needles of different gauges, there is a compelling need for
additional studies on the mechanosensitivity of cells during expulsion. Even though AMSCs
have emerged as a viable stromal/stem-cell source for the treatment of OA and other joint
disorders, it remains unclear whether passage through a needle will affect AMSC viability or
function during injection procedures.*0 Therefore, the purpose of this investigation was to
examine the effects of needle expulsion (i.e. injection) on human AMSC viability and
function using clinically applicable needle gauges as a function of time following needle
passage. We hypothesized that human, culture expanded AMSCs subjected to injection
stresses would exhibit changes in their biological phenotype (e.g., cell viability and
function). Clinically, the results of this study will provide guidance for the selection of
appropriate needle sizes for regenerative medicine procedures.

MATERIALS AND METHODS

General Design

Human AMSCs were subjected to needle passage at a constant rate under three conditions:
(a) 6-mL plastic syringe with no needle (control), (b) 6-mL syringe attached to an 18- gauge
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(G), 25.4 mm stainless steel needle, and (c) 6-mL syringe attached to 30-gauge, 19 mm
stainless steel needle. Cells were passed through the needles into a vial and analyzed for
viability and function immediately post-injection (day 0), and also at 1 (day 1) and 4 days
(day 4) following simulated injection.

Cell Isolation

Following informed consent and IRB approval at the authors’ institution, human AMSCs
were isolated from lipo-aspirates obtained from a representative donor using previously
described methods!3: 1449, The donor-derived AMSCs selected in this study have previously
been shown to express standard MSC markers and are capable of multi-lineage
differentiation13-15, In brief, donor lipo-tissue was aspirated and then digested using Type |
collagenase (Worthington Biochemicals, Lakewood, NJ) for 1.5 hours at 37°C, centrifuged
at 400g for 5 min, rinsed with phosphate buffered saline (Life Technologies, Grand Island,
NY), and strained using 70um cell strainers (BD Biosciences, San Jose, CA). Following this,
the aspirate was treated with 154 mM NH4CI, 10 mM KHCOg3, and 0.1 mM EDTA for
erythrocyte lysis. The remaining AMSCs were expanded in advanced minimum essential
medium (Life Technologies, Grand Island, NY), supplemented with 5% (vol/vol) human
platelet lysate (PLTMax; MillCreekLifeSciences, Rochester, MN), 2mM Glutamax (Life
Technologies, Grand Island, NY), 2 U/mL heparin, and 1% Penn-Strep (100 U/mL
penicillin, 100 pg/mL streptomycin; Cellgro, Corning, NY). All AMSCs used in
experimentation were of passage 7.

Simulated Cell Injection

AMSCs were detached from the culturing flask using TrypLE Express (Life Technologies,
Grand Island, NY) and counted using a hemocytometer (Thermo Fisher Scientific, Waltham,
MA). A total of 1 mL of cell suspension was loaded into a 6 mL plastic syringe (BD
biosciences, San Jose, CA) just prior to each injection. A standard syringe pump (Sage
Instruments, Freedom, CA) was used for all AMSC injections. The device was pre -
calibrated to confirm isokinetic cell expulsion at an average injection flow rate of
approximately 4 mL/min (Figure 1A). Three conditions were tested: (a) 6-mL plastic syringe
with no needle (control), (b) 6-mL syringe attached to an 18-gauge, 25.4 mm stainless steel
needle (Covidien, Mansfield, MA), and (c) 6-mL syringe attached to 30-gauge, 19 mm
stainless steel needle (Covidien, Mansfield, MA). The two needle sizes were chosen to
represent a range of needle gauges commonly used in clinical practice. Once loaded, the
syringe pump was used to inject the cells into a vessel, which was then divided for
subsequent analysis (see below). Three injections were performed for each condition,
resulting in a total of 9 trials for this investigation.

Assessment of AMSC Viability, Proliferation and Metabolic Activity

To assess cell viability and proliferation potential post-injection, two cell counting methods
were used: Trypan Blue (day 0 post-injection, Sigma-Aldrich, St. Louis, MO) and DAPI (4’,
6-diamidino-2-phenylindole) staining (days 1 and 4 post injection, Life Technologies, Grand
Island, NY) paired with ImageJ analysis, an open-source NIH-supported image analysis
program. All images were acquired using an inverted light microscope (Zeiss, Cambridge,
MA). Trypan Blue does not penetrate the membranes of viable cells. Therefore, the presence
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or absence of Trypan Blue reflects cell viability immediately post-injection; cells that remain
impermeable to the dye are viable.

To assess the mitrochondrial metabolic activity of injected AMSCs, MTS (3-(4,5-
dimethylthiazol-2-yl)-5-(3-carboxymethoxyphenyl)-2-(4-sulfophenyl)-2H-tetrazolium)
colorimetric assays (Promega, Madison, WI) were performed at days 0, 1, and 4 post-
injection. MTS assays were read using a SpectraMax Plus Plate Reader (Molecular Devices,
Sunnyvale, CA) at an absorbance wave-length of 490 nm.

Gene Expression of AMSCs in Response to Injection via mRNA analysis

AMSC gene expression during the first 24 hours post-injection was utilized to assess the
acute effect of mechanical stimulation/shear stress on cell activity and behavior. AMSCs
were subjected to qRT-PCR to analyze mRNA expression. First, RNA was isolated using the
miRNeasy Mini Kit (Qiagen, Valencia, CA) and total RNA yield was evaluated using a
Nanodrop 2000 (Thermo Scientific, Inc., Waltham, MA). Reverse-transcriptase PCR was
performed to obtain cDNA using SuperScript 111 (Invitrogen, Carlsbad, CA). Then, cDNA
was analyzed by gRT-PCR (C1000 Touch Thermal Cycler, BioRad, Hercules, CA) using
SYBR Green detection with specific primers to define expression levels of mMRNA
biomarkers for proliferation, ECM production, stress/cytoprotective responses, stem cell
surface markers, and transcription factors. Primer sequences are given in Table 2. Results
were normalized to GAPDH within each sample.

Statistical Analysis

RESULTS

Descriptive statistics were utilized to demonstrate the effects of injection on AMSC cell
counts (i.e., viability), mitochondrial activity, and gRT-PCR on day 0, day 1, and day 4 post-
injection. Results were analyzed by one-way or two-way ANOVA, and unpaired Student’s t-
test. Statistical significance was set at p < 0.05. Results are presented as the mean + SD.

Effect of Needle Gauge on Viability, Proliferation and Metabolic Activity

There was no statistically significant difference among the three treatment groups with
respect to cell counts immediately post-injection (day 0) as determined by Trypan Blue
staining (Figure 2A, syringe only = 3.70 + 0.79 x 10° cells, 18-gauge needle = 3.94 + 0.98 x
108 cells, and 30-gauge needle = 4.51 + 0.99 x 108 cells), or on days 1 and 4 as determined
by DAPI staining (Figure 3A, day 1: syringe only = 11.7 + 3.00 x 108 cells, 18-gauge = 7.13
+2.17 x 106 cells, and 30-gauge = 7.25 + 1.44 x 10° cells; day 4 :syringe only = 116.51
+11.2 x 100 cells, 18-gauge = 143.18 + 34.72 x 106 cells, and 30-gauge = 128.38 + 13.35
x108 cells). The increase in cell numbers between days 1 and 4 reflects approximately three
to four cell divisions (i.e., about 1 cell division per day), and is consistent with previous
observations showing that AMSCs exhibit exponential growth for the first four days of
culture after seeding.1* 15 In summary, these Trypan Blue and DAPI results suggest that
AMSC viability was not significantly affected by injection condition and that AMSCs
retained their proliferative ability during the early post-injection period (i.e., up to day 4)
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All three treatment groups demonstrated similar mitochondrial metabolic activity at days 1
and 4 based on MTS assays (Figure 3B). As expected from actively proliferating cells, MTS
absorbance increased between days 1 and 4. In summary, the MTS assays indicate that
injection condition did not affect AMSC metabolic activity and corroborate the DAPI cell
analysis reflecting normal AMSC proliferation in the early post-injection period.

Effect of Needle Gauge on Gene Expression

Figure 4 demonstrates the AMSC gene expression as reflected by mRNA biomarkers for the
three injection groups (e.g., syringe only, 18-gauge needle, 30-gauge needle). The most
prominent finding is that the AMSCs in all injection groups expressed very robust levels of
genes normally associated with a stress response, cytoprotective mechanisms, and mechano-
transduction, including the ‘early growth response’ transcription factors EGR2 and EGR3,
as well as the seven members of the heterodimeric AP1 (FOS/JUN) gene regulatory complex
(i.e., JUN, JUNB, JUND, FOS, FOSB, FOSL1, FOSL?2). The robust expression of these
genes observed at the time of harvest (day 0) subsided by day 1 (Figure 4A). Specifically,
EGR2 (p< 0.05) and EGR3 (p < 0.001), as well as FOS (p < 0.001), FOSB (p < 0.01),
FOSL1 (p <0.01), FOSL2 (p < 0.05), JUN (p < 0.001), JUNB (p < 0.05) and JUND (p <
0.01) showed significant changes in expression during the first 24 hours, without significant
differences between injection groups. These results suggest that the AMSCs mount a
cytoprotective response to counteract stresses that emerged during the handling of cells
and/or the injection simulation.

Beyond the observed stress/cytoprotective gene expression response, we observed robust
expression of representative extracellular matrix (ECM) markers COL1A1 and COL3Al
regardless of condition (Figure 4B), indicating that cells retain collagen anabolic activity. We
note that there were modest differences in expression on Day 0 and Day 1, but these changes
are not statistically significant. We also observed a decrease of the mRNA for the ECM-
related non-collagenous proteoglycan DCN (p < 0.001) from day O to day 1. The latter result
suggests that cells exhibit selective changes in the expression of ECM proteins, which reflect
an altered phenotypic state.

As expected, MRNA levels for two distinct proliferation markers (HIST2H4A, p < 0.001)
and MKI67 (p < 0.001) increased from day O to day 1 (Figure 4C). The latter findings
support the conclusion that AMSCs are fully capable of resuming cell cycle progression
after needle expulsion. Taken together, initiation of active proliferation between day 0 and
day 1 (Figs. 3 and 4C) and selectively changes in expression of ECM proteins is broadly
consistent with our previous work showing that AMSCs alter expression of ECM proteins
when they stop proliferating?4.

Examination of mRNA levels for three representative MSC surface markers (e.g., CD44,
CD90 and CD105) revealed a decrease in their expression after one day in culture,
independent of injection group. This finding is consistent with previous observations that
ASMCs exhibit a general decrease in cell surface gene expression when they initiate a phase
of active proliferation4. For comparison, expression of several transcription factors (e.g.,
SP1, PRRX1 and ATF1) that are ubiquitously expressed in MSCs was not modulated in the
same manner.
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In summary, the gene expression analyses indicate that AMSCs subjected to our simulated
injection procedure adopt a molecular phenotype characteristic of proliferating MSCs
following an initial stress/cytoprotective response.

DISCUSSION

The primary finding of the current investigation is that human, culture expanded, AMSCs
maintain their viability, proliferative capacity and cellular functions following simulated
injection with clinically applicable needle gauges. For decades, needle-based delivery
systems have been successfully utilized for therapeutic agents such as corticosteroids and
viscosupplements to treat pain and inflammation associated with degenerative and
inflammatory musculoskeletal conditions. While a number of studies have investigated the
emerging role of cell-based therapies to treat a variety of medical and musculoskeletal
disorders, there is a paucity of experimental studies that examine the biological effects of
needle-based delivery systems on the viability and cellular functions of MSCs. Importantly,
to our knowledge, the current investigation is the first to examine the effect of “injection” on
human, culture expanded AMSC viability or function.

Our present study complements prior investigations that examined the effects of injection on
human MSCs*~48, We used AMSC suspensions of approximately 4 x 10° cells/mL and a
flow rate of 4 mL/min. Two prior studies*’- 48 utilized BMSCs at concentrations of 1 x
108/mL and 3 x 10%/mL, flow rates of 1-8.3 mL/minute, and needle gauges ranging from
20-30 (Table 1)*7: 48, A direct comparison of our work with these two previous studies is
limited by methodological differences, including the source of MSCs, length and diameter of
needles, flow- rates, our use of a ‘no needle’-control, and/or the longer post-injection
analysis period (up to four days) of the current investigation. Mamidi et al. injected human
BMSCs in suspensions of 3 x 106 cells/mL at a flow rate of 2 mL/min using needles ranging
from 24- to 26-gauge?’. These authors found no effect of injection on BMSC viability,
morphology, surface markers, or terminal tri-lineage differentiation, but did not specify the
time period(s) at which the post-injection assessments were performed4’. Walker et al.
examined the fate of human BMSCs following injection of 1 x 10° cells/mL at flow rates
ranging from 1-8.3 mL/min through 20- to 30-gauge needles*8. Unlike Walker et al.,
Maimidi’s group found reduced 24 hour BMSC viability at all flow rates following 25- and
30 gauge injection.*8 Significant methodological differences between the two studies, as
well as missing “data points” (e.g. no time course for post-injection assessment in study by
Mamidi et al.) preclude identification of the likely explanation for the discrepant findings.
Reassuringly, unlike the findings of Walker et al. with respect to human BMSCs, we found
that human AMSC viability was unaffected by simulated injection under similar conditions.
Furthermore, we observed that our passed AMSCs retained both their proliferative potential
and mitochondrial metabolic activity, despite an early stress/cytoprotective response. It is
possible that BMSC and AMSC preparations may differ in their inherent vulnerability to
experimental handling and/or fluid shear stress during injection. Alternatively or
additionally, differing methods of AMSC versus BMSC culture expansion (e.g. culture
media) may select for cells with different responses to handling and/or injection related
stresses. Clearly, further investigation is necessary to clarify the potential differential
responses between “injected” BMSC and AMSCs.
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Reduced cell viability upon expulsion from syringes is consistent with our observation that
MSCs mount a cellular stress/cytoprotective response based on transiently induced
expression of specific early response factors (i.e., EGR and AP1/Fos-Jun related proteins).
Transit of AMSCs through syringes invokes major pressure changes that are quantitatively
linked to the applied flow rate, the viscosity of the cell suspension, as well as the dimensions
of needles included in our injection simulation (see equation above). For the current
investigation, we selected needles with sizes near the upper and lower boundaries of clinical
relevance and therefore examined the effects of both a wide (18 gauge) and narrow (30
gauge) needle. While we maintained cell suspensions and flow rates at constant and
clinically realistic values, one possible limitation of our approach is that flow rates may not
always be constant in clinical settings where manual administrations are typical. Cell
suspensions may experience variable pressure changes during injection due to human factors
(e.g., interactions between the needle gauge and forces exerted by human operator, or even
manual fatigue of the operator). Alternatively, changes in resistance to flow may be imparted
by the injected region. For example, injected cells suspensions may reach the volumetric
limits of a closed space or encounter tissues of variable density (e.g., synovial cavity in the
joint or the nucleus pulposus of a spine disk). Future studies may account for the effects of
variable pressure on cell viability by performing needle expulsion trials with various levels
of resistance that mimic /n vivo conditions of AMSC injection.

There are several additional study limitations that warrant consideration when interpreting
the results of the current investigation. First, we only examined one concentration of human,
culture expanded AMSCs. Although our chosen concentration of 4 X10° cells/ml is within
the range of clinical relevance, we recognize the interaction between cell concentration,
viscocity, and mechanical fluid shear stress. Consequently, future studies will examine the
effects of injection on more highly concentrated AMSC suspensions. Second, our longest
needle was 25.4 mm. In clinical practice, longer needles are commonly used for shoulder,
hip and spine injections (up to 3—-4 cm). Although the effect of needle length on fluid shear
stress is relatively minor when compared to the effect of needle diameter, future
investigations should utilize longer needles to determine whether needle length affects
AMSC viability or function following injection. Third, although our flow rate of 4 ml/min
was commensurate with previously Consequently, future studies will examine the effects of
high flow rate injections on AMSC viability and function.

CONCLUSION

Human, culture expanded AMSCs maintain their viability, proliferative capacity and
metabolic function following passage through needles as small as 30 gauge at constant flow
rates of 4 ml/min, despite an early, non-specific stress/cytoprotective response. These initial
findings suggest that culture expanded AMSCs should tolerate the injection process during
most cell- based therapeutic interventions. Future research should examine higher AMSC
concentrations, faster injection flow rates, and longer needles, as well as identify and
characterize any differences between the post-injection responses of AMSCs and BMSCs.
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Figure 1:

Page 12

Physical properties of manually operated (white bars) and syringe-pump automated (black
bars) injections. (A) The flow rate (mL/min) during a manual injection varied based on
injection condition, whereas the syringe pump utilized in the current investigation
maintained an isokinetic flow rate regardless of injection condition. (B) The maximal
pressure drop during injection increased as the needle gauge decreased, consistent with
increased mechanical shear stresses experienced by cells injected through smaller needles.
Pilot data generated by authors’.- = syringe only (i.e. no needle), 18 = 18 gauge, 25.4 mm
needle, 30 = 30 gauge, 19 mm needle.
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Figure 2:
Immediate effect (day 0) of injection on AMSC viability and function. (A) Trypan Blue stain

analysis immediately post-injection. No cells stained positive for Trypan Blue, indicating

- 18

30

Gauge

that viability was not acutely effected in any of the three groups. Since none of the cells

exhibited positive staining with the dye, the values directly reflect the total cell population

(number x 108). (B) MTS assay results, indicating that mitochondrial metabolic activity
immediately post-injection remained steady regardless of the injection condition. Values
represent absorbance values measured at 490 nm. (A) & (B) collectively indicated that

AMSC viability and metabolic activity were not significantly affected by simulated injection
in the immediate post-injection period.
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Figure 3:

AMSCs retained their proliferative capacity and metabolic function between days 1 and 4
post-injection, with no significant differences between injection groups. (A) DAPI assisted
cell counts (values represent cells x 10%) were similar among the three groups on days 1 and
4, and all groups demonstrated an exponential increase cell counts between days 1 and 4,
reflecting maintenance of normal proliferative capacity. (B) MTS assay for mitochondrial
activity revealed similar mitochondrial activity among the three treatment groups on days 1
and 4, as well a commensurate increase in mitochondrial activity between days 1 and 4. This
latter finding reflects cell proliferation and corroborates the DAPI stain findings in (A).
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Figure 4.

Effect of needle gauge on AMSC gene expression (as determined by mRNA analysis)
following injection. Bar graphs in the panels show expression data after needle expulsion for
‘early response’ genes (A-C), extra-cellular matrix (ECM) proteins (D), proliferation
markers (E), cell surface markers (F), and representative transcription factors that are
ubiquitous in mesenchymal cells (G). Values represent the mean (with standard deviation) of
three different AMSC injections that were sampled as biological triplicates (n=9 total
samples).

PM R. Author manuscript; available in PMC 2019 September 04.



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuen Joyiny

Onishi et al. Page 22
Table 1:
Studies Examining the Effect of “Injection” on Mesenchymal Stem Cell (MSC) Viability or Function.
Author Cell Needle Size Flow Concentration | Time Point Outcome Results
(year) Source Tested Rate (cells/mL) Studied
(/min)
Agashi et Murine 22G, 256, 1ul, 5 x |07 Immediate Viabilit b Both 25G and 26sG
al. (2009) Bone 26564 (N 5ul, Post- tantiity reduced viability at
Marrow G (No 20ul Injection all flow rates.
length
reported)
Control:
uninjected
cells
Walker et Murine 20G 25.4mm iml, 1 x |08 Immediate I e For human, 25G
al. (2010) and 25G 25.4mm 2ml, Post- Viability” Phenotype and 30G reduced
Human 30G 25.4mm 4ml, injection, Differentiation viability 24hr post-
Bone Control: 8.3ml 2ahr€ injection at all flow
Marrow uninjected r rates versus control.
cells No effects on
function or terminal
differentiation
ability.
Mamidi et Human 24G, 25G, 2ml 3 x |06 Not Viabilit g No difference in
al. (2012) Bone 26G (No specified 'Z ity i viability,
Marrow length Phenotype’ Differentiation phenotype, and
reported) terminal
Control: differentiation
syringe-only versus control.
injection
Garvican Equine 19G 50mm 15ml 5 x 108 Immediate e K . om 21G and 23G
etal. Bone 21G 50mm Post- Viability " Differentiation resulted in
(2014) Marrow 23G 50mm injection, increased apoptosis
Control: 2hr, 4hr, immediately,
uninjected j whereas 19G
cells 24n/ resulted in

increased apoptosis
at 2hr mark. All
gauges reduced
metabolic activity
for first 2 hours

post-injection. No

change in

differentiation at
any time point.

2 26s-gauge needles have inner diameter of 0.127 mm where as a standard 26-gauge needles have inner diameter of 0.260 mm.

b= Live/Dead Solution (livitrogen, Paisley, UK), CellTiter AQ One Solution Cell Proliferation assay kit (Promega, Southampton, UK), and

CaspACE Assay System (Promega, Southampton, UK)

d= Propidium iodide, Thiazole orange, Fluorescein-isothiocyanate-conjugated Annexin V (BD Sciences, San Jose, CA)

= Viability was tested immediately and at 24hrs. Phenotyping was tested only immediately after injections. Terminal differentiation timeline was
not explicitly mentioned.

€ Antibodies for CD11b, CD45, CD29, CD49e, CD73, CD90, CD105, and Stro-1 (manufacture information not reported)

f= Alizarin red, Oil Red (Chemicon, Temecula, CA), and “induction medium supplied by Invitrogen” (Invitrogen, Carlsbad, CA)

9 7-amino actinomycin D and Senescence beta-Galactosidase Staining kit (Cell Signaling Technologies, Danvers, MA)

/7: Antibodies for CD90, CD44, CD73, CD166, CD34, CD45, and HLA-DR (BD Pharmingen, San Diego, CA)

= Alizarin red, Oil Red, and Alcian blue (manufacture information not reported)
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- Viability was tested at all 4 time points. Terminal differentiation timeline was not explicitly mentioned.

k: Trypan blue (Sigma-Aldrich, St. Louis, MO), Proprium iodide/Annexin V assay (Cayman Chemical, Ann Arbor, MI), alamarBlue assay(AbD
Serotec, Kidlington, UK)

= no specific assay was mentioned but manuscript states the study tested cells’ tri-lineage differentiation (chondrogenic, adipogenic, and
osteogenic properties).
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mRNA primer sequences.

Table 2:

Gene

EGR1
EGRZ2
EGR3
JUN
JUNB
JUND
FOS
FOSB
FOSL1
FOSL2
COL1A1
COL3A1
DCN
MKI67
HIST2H4
CCNB2
CcD44
CcD90
CD105
SP1
PRRX1
ATF1

Primers, 5’-3’

Forward
ACCCCTCTGTCTACTATTAAGGC
ATTCTGAGGCCTCGCAAGTA
GCGACCTCTACTCAGAGCC
AGTCCCAGGAGCGGATCAA
TGGCCCAGCTCAAACAGAAG
GTGAAGACCCTCAAGAGTCAGA
GAGAATCCGAAGGGAAAGGAAT
GCTGCAAGATCCCCTACGAAG
GCCGCCCTGTACCTTGTATCT
CCTCGAACCTCGTCTTCACCTA
GTAACAGCGGTGAACCTGG
TTGAAGGAGGATGTTCCCATCT
ATGAAGGCCACTATCATCCTCC
ACGCCTGGTTACTATCAAAAGG
AGCTGTCTATCGGGCTCCAG
CCGACGGTGTCCAGTGATTT
CTGCCGCTTTGCAGGTGTA
ATGAAGGTCCTCTACTTATCCGC
TGCACTTGGCCTACAATTCCA
CAGGTGCAAACCAACAGATTA
CAGGCGGATGAGAACGTGG
CTGGAGTTTCTGCTGCTGTC

Reverse
TGGGACTGGTAGCTGGTATTG
GCTTATGCCCAGTGTGGATT
CTTGGCCGATTGGTAATCCTG
TTCCTTTTTCGGCACTTGGA
CAGAAGGCGTGTCCCTTGAC
GACGTGGCTGAGGACTTTCT
TCCGCTTGGAGTGTATCAGTCA
ACGAAGAAGTGTACGAAGGGTT
CAGTGCCTCAGGTTCAAGCA
AGCAAGATTCGGAGGGACAT
CCTCGCTTTCCTTCCTCTCC
ACAGACACATATTTGGCATGGTT
GTCGCGGTCATCAGGAACTT
CAGACCCATTTACTTGTGTTGGA
CCTTTGCCTAAGCCTTTTCC
TGTTGTTTTGGTGGGTTGAACT
CATTGTGGGCAAGGTGCTATT
GCACTGTGACGTTCTGGGA
AGCTGCCCACTCAAGGATCT
GCTGGAGTAGGTTTGGCATAG
AAAAGCATCAGGATAGTGTGTCC
GGCAATGGCAATGTACTGTC
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