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Abstract

Extracellular vesicles (EVSs) represent an emerging class of therapeutics with significant potential
and broad applicability. However, a general limitation is their rapid clearance after administration.
Thus, methods to enable sustained EV release are of great potential value. Here, we demonstrate
that EVs from mesenchymal stem/stromal cells (MSCs) can be incorporated into 3D-printed
gelatin methacrylate (GelMA) hydrogel bioink, and that the initial burst release of EVs can be
reduced by increasing the concentration of crosslinker during gelation. Further, the data show
that MSC EV bioactivity in an endothelial gap closure assay is retained after the 3D printing

and photocrosslinking processes. Our group previously showed that MSC EV bioactivity in this
assay correlates with pro-angiogenic bioactivity in vivo, thus these results indicate the therapeutic
potential of MSC EV-laden GelMA bioinks.
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1| INTRODUCTION

Extracellular vesicles (EVSs) derived from mesenchymal stem/stromal cells (MSCs) have
been implicated as potential therapeutics in a wide variety of applications,112 including in
humans.13 The abilities of MSC EVs to deliver bioactive macromolecular cargo to recipient
cells as well as their more drug-like qualities as compared to whole cell-based therapies
make MSC EVs especially attractive for tissue repair and regeneration. However, EVs in
general are also characterized by relatively rapid clearance from the blood after systemic
delivery,14-16 |imiting the duration of their therapeutic effects. Thus, approaches to enable
sustained delivery of MSC EVs have been investigated to enhance their efficacy.
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In particular, hydrogel-based systems for sustained EV release have shown utility. EVs

have been integrated into hydrogels by electrostatic or biochemically-mediated attachment
or via simple mixing, with ionic crosslinking and photopolymerization used to further
restrict EV diffusion and prolong release.1” For example, hydrogel patches created via
gelation of collagen within a gelfoam mesh enabled sustained release of induced pluripotent
stem cell-derived cardiomyocyte EVs, resulting in improved recovery from myocardial
infarction in rats.18 Further, injectable self-healing hydrogels have also been shown to allow
for sustained MSC EV release to promote bone repairl® and recovery from spinal cord
injury.20 Hydrogels are also useful as bioinks for 3D printing, enabling reproducible and
custom-designed therapeutic interventions.?! EVs have been shown to be compatible with
3D-bioprinting,22 and MSC EVs specifically have been integrated into bioprinted hydrogels
to promote osteochondral repair?3 as well as neurogenesis in a spinal cord injury model.24
However, reports of release profiles and bioactivity of MSC EVs from bioprinted constructs
remain scarce.

Here, we report the incorporation of MSC EVs into a gelatin methacrylate (GelMA) bioink
for the purposes of sustained release. We demonstrate that the initial release rate can be
controlled via varying photoinitiator concentration and that MSC EV bioactivity in an
endothelial gap closure assay is retained after bioprinting and photopolymerization. These
results inform the use of EV-laden bioinks for therapeutic applications.

MATERIALS AND METHODS

Cell culture

Bone marrow-derived mesenchymal stem cells (BDMSCs) were purchased from American
Type Culture Collection (ATCC). Cells initially seeded were designated as Passage

1 (P1). BDMSCs were plated in a T175 polystyrene flask and cultured in BDMSC

media, consisting of Dulbecco’s modified Eagle’s medium, supplemented with 10% fetal
bovine serum (FBS), 1% nonessential amino acids, and 1% penicillin/streptomycin. Cells
were grown to 80%-90% confluency and replated at 250,000 cells/T175 flask until P4
when the cells were stored in liquid nitrogen within media supplemented with 10%
dimethylsulfoxide (DMSQ) as a cryoprotectant for all experimental purposes. Human
umbilical vein endothelial cells (HUVECSs) were purchased from Promocell and cell passage
was again designated as P1. HUVECSs were cultured in endothelial growth medium-2
(EGM) (Promocell, C-22221, and C-39221). HUVECs and BDMSCs were repeatedly
grown to 80%—-90% confluency and replated at 500,000 cells/T75 flask and 250,000 cells/
T175 flask, repeatedly, until P4 when the cells were stored in liquid nitrogen in media
supplemented with 10% of DMSO as a cryoprotectant for all experimental purposes. For
EV collection, BDMSCs were cultured in EV-depleted FBS media. FBS (VWR) was heat
inactivated (HI) at 56°C for 30 min with intermittent bottle inversions, and then chilled

on ice for 30 min. HI-FBS was then centrifuged at 100,000 x g for at least 16 h and the
supernatant was filtered through a 0.20 um bottle top filter (VWR) for subsequent use in
BDMSC media.
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EV isolation and characterization

After Day 6 of collecting EV-rich media (120 ml), EVs were isolated using multiple rounds
of centrifugation. First, media was centrifuged at 1000 x g for 10 min to remove any

cells that had detached from the flask. The supernatant from this centrifugation was then
centrifuged at 2000 x g to remove any large debris. The following supernatant was then
centrifuged at 10,000 x g for 30 min to remove smaller debris. Finally, to collect the

EVs, the supernatant was centrifuged at 100,000 x g for 2 h in 8 tubes, each capable of
holding approximately 26 ml. The supernatant was discarded, and the remaining EV pellets
were resuspended in sterile phosphate-buffered saline (PBS) (500 pl), transferring the PBS
from each of the eight tubes. EVs were washed x3 with sterile PBS using four Nanosep
Centrifugal Devices with 300 kDa MWC Omega Membranes (Pall, OD300C35). EVs were
resuspended in PBS (150 ul) and stored at —20°C for up to 1 month, with less than 2
freeze/thaw cycles.

Negative staining of EVs was performed to obtain transmission electron microscopy
images. Briefly, 4% paraformaldehyde (20 ul) was added to washed EVs (15 pl). The
paraformaldehyde/EV solution was placed on parafilm and a resulting droplet formed. A
carbon film grid was placed on the droplet for 20 min. The grid was gently picked up with
tweezers and excess liquid was blotted off by touching the side at a 45°C Whatman paper.
The grid was then transferred to sterile PBS to wash before floating on a droplet (50 ul) of
1% glutaraldehyde for 5 min.

Molecular characterization of EVs was accomplished by immunoblot. Approximately 100
ug of EVs and 25 g of BDMSC lysates determined by protein content (bicinchoninic acid
[BCA] assay) were used for immunoblots. EV markers CD63, TSG101, and Alix as well as
endoplasmic reticulum marker Calnexin were assessed according to standards laid out by the
International Society for Extracellular Vesicles.?> Primary antibodies for CD63 (Proteintech,
25682-1-AP), TSG101 (Abcam, ab125011), Calnexin (Cell Signaling, C5C9), and ALIX
(Abcam, ab186429) were used at 1:1000 dilution. Secondary goat anti-rabbit IRDye 800CW
(LICOR, 925-32210) was used at a dilution of 1:10,000. Bands were detected with a
LI-COR Odyssey CLX Imager.

EV bioactivity assessment

To assess EV activity, an in vitro endothelial gap closure assay was used. P4 HUVECs were
seeded in a gelatin-coated 24 well plate (500 pl total volume/well) at 200,000 cells/well

in EGM2 and allowed to grow until a uniform monolayer was formed (24 h). Medium

was replaced with endothelial basal media (EBM) (Promocell, C-22221) supplemented with
0.5% EV-depleted FBS for 24 h. The cell monolayer was then scratched using a 200 pl
pipette tip (Rainin, 30389243). Media was then replaced using the same serum starving
conditions, but this time supplemented with 100 pg/ml of respective EVs based on BCA
quantification of EV-associate protein. EV-depleted EGM and EV-depleted EBM were used
as positive and negative controls, respectively. In studies with 0.1% LAP and 0.2% LAP, 100
pg/ml of pooled GelMA was used as a GelMA control. In the study with 0.2% LAP, pooled
EVs released from GelMA between Hour 1 and Hour 24 as well as pooled EVs released
between Hour 24 and Day 7 were also investigated by treating the scratch with 100 pug/ml
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EVs based on BCA. As controls, pooled EVs suspended at room temperature incubating at
37°C between Hour 1 and Hour 24 as well as between Hour 24 and Day 7 were used to treat
the cell gap with 100 pg/ml. Lastly, stock EVs stored at —20°C throughout the duration of
the release experiment were also used as a positive control at 100 pg/ml. The cell gap was
imaged at 0 and 12 h. Overall gap closure was determined as the percentage of area covered
by endothelial cells versus the gap remaining after the latter time point image using ImageJ
as previously described.16

GelMA synthesis, hydrogel preparation, and characterization

GelMA was synthesized from type A gelatin (Sigma Aldrich, G2500). Type A gelatin was
first dissolved in PBS at 50°C for 20 min at 10% w/v. Then, 0.8 g of methacrylic anhydride
(MA) (Sigma Aldrich, 276685) per every 1 g of gelatin in solution was added dropwise to
the gelatin solution with rigorous stirring, while still maintaining a reaction temperature of
50°C. The reaction was left to continue for another 1.5 h at 50°C. After this, the contents
were transferred to a 50 ml tube and centrifuged at 1000 x g for 2 min to remove excess
MA. The supernatant was diluted 1:1 with PBS and dialyzed against deionized water across
a 10 kDa molecular weight cutoff (ThermoFisher, 66830) for at least 3 days at a temperature
of 50°C. The final product was then transferred to a 50 ml tube, frozen overnight at -80°C,
and then lyoph ilized for at least 5 days. The final product was stored in a 50 ml tube with
parafilm over its cap at room temperature.

GelMA hydrogels were created from 7% wi/v of GelMA in PBS. Photoinitiator lithium
phenyl-2,4,6-trimethylbenzoylphosphinate (LAP) (Tocris, 6146) at concentrations of 0.1%,
0.2%, and 0.4% w/v of LAP to GelMA solution were tested. Once LAP was added, the
solution was exposed to ultraviolet light for 1 min to initiate the crosslinking process and
form the hydrogel. For initial GeMA characterization studies, a circular disc mold was used
to create 1 ml GelMA hydrogels. Hydrogels were frozen at —80°C and then lyophilized
overnight for scanning electron microscopy (SEM). Additional GelMA hydrogels were
created for rheological testing (ARES-G2, TA Instruments). Hydrogels were inserted
between to flat parallel plates and underwent a range of oscillation frequencies between
0.1 and 10 rad/s with a constant strain of 0.1%. Storage module and loss modulus were
plotted over this frequency sweep.

3D-printing GelMA constructs

All 3D-printed GelMA constructs were printed with 7% w/v GelMA in PBS. EV-loaded
GelMA discs were printed with doped GelMA bioink with an EV concentration (based on
BCA) of 8.84 g EVs/ul. The appropriate amount LAP was added to each bioink for each
respective study. The final solution of each bioink was vortexed and incubated at 37°C until
all GelMA was fully dissolved. The solution was then transferred to a 30 ml tin foil-wrapped
amber printer barrel. The piston was added and then the solution was inverted and uncapped
to release any visible bubbles. The barrel with bioink was then centrifuged at 1000 x g for 5
min to eliminate smaller air bubbles. The bioink underwent brief flash freezing on ice for 5
min following centrifugation and then placed in the ambient UV tool on a Bio-AssemblyBot
(Advanced Solutions, Louisville, KY). A 22-gauge needle was then added to the barrel and a
petri dish was added to the printer stage as the collection apparatus. Homogenous discs were
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printed with a diameter of 6 mm and a thickness of 2 mm. GelMA control discs were printed
with the GelMA solution alone and designed using the TSIM Software associated with the
BioAssemblyBot. For 7% GelMA, the settings were as followed: pressure: 30 psi; speed:

2 mm/s; UV Curing: print a layer, cure a layer; cure speed: 20 mm/s; light irradiance: 850
mW/cm?. Gels were partially crosslinked during printing, and then fully crosslinked with 1
min of UV crosslinking in a UV box. Final gels were covered with PBS for 1 min to aid

in lifting the same off the petri dish. PBS was discarded and gels were transferred to a new
48-well plate for release studies.

EV release studies

All EV release studies were performed in 48-well plates in triplicate. After the initial

time spent in PBS for 1 min to remove the GelMA discs from the printing surface, discs
were placed in their respective wells of a 48 well dish and 1.7 ml of PBS was placed in
each well at 37°C. For the release of the EV-loaded GelMA with 0.1% LAP, PBS was
collected and replaced with 1.7 ml of fresh PBS on hours 1, 4, and 8 as well as days 1,
2,3,4,7,14, and 21. For release studies of EV-loaded GeIMA with 0.2% LAP, PBS was
collected and replaced with 1.7 ml of fresh PBS on Hours 1, 4, and 8 as well as days 1,
3,7, 14, and 21. EVs within each of the 1.7 ml PBS collected from the time points were
concentrated using 300 kDa MWC Omega Membranes (Pall, OD300C35) in which PBS was
removed via centrifugation at 8000 x g for 20 min. Then, all samples were resuspended in
60 pl of PBS for quantification. Quantification of EV release was accomplished using an
EXoELISA-ULTRA Complete Kit (CD63 Detection; System Biosciences, Mountain View,
CA). Briefly, washed EVs were combined with the kit’s Coating Buffer and added to a
96-well plate. The plate was left to incubate for 1 h at 37°C in order for the EVs to bind

to the surface. The plate was then washed three times for 5 min each using the wash buffer
the kit provided. After this, the plate was incubated with the primary CD63 antibody (1:100
dilution) at room temperature for 1 h under gentle shaking. Plates were again washed x3
for 5 min each with the Wash Buffer. The secondary antibody provided was added (1:5000
dilution) at room temperature for 1 h. The plates were washed and incubated with the kit’s
Supersensitive TMP ELISA Substrate at room temperature for 15 min, and the reaction
was terminated using the kit’s Stop Buffer Solution. Absorbance was measured at 450 nm
using a plate reader. The number of CD63+ EVs/ml was obtained using an exosomal CD63
standard curve produced with the kit’s exosome standards. The total number of EVs was
calculated based on the total volume of EVs initially collected.

Statistical analyses

All analyses were performed in triplicate. Data are presented as mean £ SEM. One-way
anaylsis of variance (ANOVAs) with Holm-Sidak’s multiple comparison tests were used to
determine statistical significance in in vitro scratch assays. Student’s £tests were used to
determine the statistical significance of EV release on individual days. All statistical analysis
was performed with Prism 7 (GraphPad Software, La Jolla, CA). Notation for significance in
figures are as follows: ns = p> .05, * = p<.05; ** = p< .01; *** = p< .001; **** = p<
.0001.
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RESULTS

MSC EV characterization and in vitro bioactivity

Particle size analyses for MSC EV samples were conducted using nanotracking analysis,
revealing a hydrodynamic diameter range between 30 and 250 nm (mean = 130 = 51 nm)
(Figure 1A). Immunoblot analyses confirmed the presence of EV-associated proteins CD63,
TSG101, Alix, and Flotillin-1 as well as the absence of endoplasmic reticulum marker
Calnexin in the EV isolate (Figure 1B). EVs were initially screened for bioactivity using

an endothelial gap closure assay, as MSC EV characteristics vary by donor.210 The gap
closure assay was conducted using human umbilical vein endothelial cells (HUVECS) that
were treated with growth media only (EGM; positive control), basal media only (EBM), or
100 pg/ml MSC EVs in basal media. Brightfield images were taken at time 0 and 12 h after
gap formation. Representative images for each group and timepoint are displayed, with the
gap area outlined (Figure 1C). Statistical significance was calculated with one-way ANOVA
with Holm-Sidak’s test (***p < .001, **p < .01) (n=3) (Figure 1D).

Synthesis and characterization of GelIMA hydrogels

GelMA was synthesized from type A gelatin reacted with methacrylic anhydride at 50°C
(Figure 2A). Verification of GelMA synthesis was confirmed by proton NMR (Figure

2B). A proton nuclear magnetic resonance (NMR) of gelatin is shown in Figure 2B on

the left. A proton NMR of GelMA can be seen in Figure 2B on the right in which a

doublet of doublets peak can be visualized (box) corresponding to the vinyl group from the
methacrylate functionalized to the amino terminal of lysine within the gelatin. To construct
3D GelMA hydrogels, 7% (w/v) gelatin with either 0.1%, 0.2%, or 0.4% (w/v) lithium
phenyl-2,—4,6-trimethylbenzoylphosphinate (LAP) were added to circular molds. The molds
containing the GeIMA/LAP mixture were then exposed to ultraviolet (UV) light for 1 min

to chemically crosslink the GelMA chains, as described previously.26 The crosslinked discs
were then lyophilized (Figure 2C) before imaging via SEM, which revealed generally larger
pores for GelMA with 0.1% LAP (mean = 6759 um?) compared to 0.2% (mean = 2497 pm?2)
and 0.4% LAP (mean = 3760 um?) (Figure 2D). Mechanical properties were determined
using rheometry (Figure 2E), with hydrogels crosslinked with 0.2% and 0.4% LAP having
storage moduli across the entire frequency range compared to those crosslinked with 0.1%
LAP (Figure 2F). There was not a considerable difference in loss modulus properties for any
of the conditions tested (Figure 2G).

MSC EV incorporation into and release from GelMA bioink

To assess whether MSC EV bioactivity is affected by the 3D-printing process, GelMA
bioink was made by suspending 8.84 pg EVs/ul in 7% GelMA in PBS with either

0.1%, 0.2%, or 0.4% LAP, resulting in 500 ug of EVs per GelMA disc with a 6 mm
diameter and 2 mm thickness (Figure 3A). The 0.4% LAP constructs exhibited premature
photocrosslinking that prevented successful printing, and thus this condition was not pursued
further. Successfully printed constructs were placed in 1.7 ml of PBS and samples were
collected at indicated time points to assess EV release by CD63 ELISA. Gel crosslinked
with 0.1% LAP displayed a significant burst release, while the release from 0.2% LAP
crosslinked gels were more prolonged over the first 3 days (Figure 3B). In both cases, the
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release was essentially complete by 14 days. Bioactivity of EVs collected separately at 1 day
post-incubation was assessed by endothelial gap closure assay and found to be significant
for both gel constructs assessed (Figure 4), indicating that MSC EVs can retain activity for
sustained release applications.

DISCUSSION

MSC EVs are widely implicated as therapeutics with anti-inflammatory and pro-angiogenic
potential, and thus their incorporation into and sustained release from biocompatible
hydrogels has many potential applications. The results of these studies show that MSC EVs
can be successfully incorporated into GelMA bioinks, retaining activity in an endothelial
gap closure assay that is indicative of angiogenic therapeutic potential.2’ Further, the initial
release phase of MSC EVs from GelMA is controllable via crosslinker concentration,
providing some versatility depending on the application for which such composite bioinks
may be used.

The choice of MSCs as the source cells for EVs in these experiments was made based on
their broad therapeutic potential as indicated above, and the MSC ECs utilized here were of
the expected composition and activity (Figure 1) as indicated in the literature.27:28 Hydrogel
formulations using a variety of materials have been proposed for EV-controlled release in
various applications.19:24.29.30 We chose to investigate GelMA in these studies due to its
widespread use as a 3D printable bioink based on its biocompatibility, biodegradability,
and amenability to a wide array of chemical modifications. The GelMA synthesized for
this work had comparable viscoelasticity to prior reports,3! and the decreased pore size
associated with increasing LAP content (Figure 2) is also consistent with a previous report
showing an inverse relationship between photoinitiator (Irgacure 2959) concentration and
GelMA hydrogel porosity.32

EV release studies were conducted by passively loading MSC EVs in 7% (w/v) GelMA
constructs, with initial release able to be modulated based on LAP concentration (Figure

3). The release profile of encapsulated cargo in hydrogels is a result of various interactions
(i.e., cargo/carrier, cargo/cargo, etc.) and release mechanisms. Previous studies for sustained
release of hydrophilic cargo from GelMA formulations show that altering hydrogel porosity
and mesh architecture by modifying GelMA synthesis/crosslinking parameters significantly
affects the release profile of encapsulated cargo.33:3* Our results confirm these findings
with respect to EVs as the incorporated cargo. After 24 h, we observed little to no
detectable CD63+ particles in the 0.1% LAP group. In contrast, a slight majority (~55%)

of loaded CD63+ EVs in the 0.2% LAP group was detected after the initial 24 h,
demonstrating the effectiveness of increased crosslinking on limiting EV release. The
mechanism for the change in release profile could be due to changes in EV diffusion

and/or electrostatic interactions between EVs and GelMA. Charged proteins such as basic
fibroblast growth factor and bone morphogenic protein-2 maybe sequestered fully GelIMA
constructs, presumably via adsorption.3 Other studies have demonstrated that GelMA
formulation parameters such as ionic strength and pH can affect cargo loading, GelMA mesh
characteristics, and overall net charge.36 Although EV/GelMA electrostatic interactions
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were beyond the scope of this study, EVs generally carry a net negative charge and such
interactions may be an important factor to consider in future studies.

Critically, the bioactivity of the released MSC EVs was confirmed via an endothelial gap
closure assay (Figure 4). Our results suggest that EVs are likely to remain bioactive through
3D bioprinting and photocrosslinking with LAP, which is critical to their ultimate utility as
part of a composite bioink. While further validation is needed, it is expected that EVs from
any source cell type could be utilized in a similar fashion, creating therapeutic opportunities
for myriad diseases and injuries.

Several limitations of our study should be noted. Our study was limited to MSC EVs and
GelMA as a bioink; the interactions of EVs from different sources with other potential
bioinks based on their charges, concentrations, and other factors will need to be examined
individually and cannot necessarily be extrapolated from the data reported here. We chose
to utilize 7% wi/v of GelMA due to compatibility with 3D printing; however increasing the
concentration of GelMA in the bioink could further modify hydrogel porosity as a means
to gain further control over the EV release profile.32 Additional studies testing the limits
of viscosity with increased GelMA in solution should be performed. Moreover, GeIMA
contains enzymatic degradation sites for collagenases and matrix metalloproteinases. Thus,
future studies could examine release kinetics in the presence of such enzymes to better
model in vivo release. Finally, we used a 3D printer that operates at room temperature, and
thus temperature optimization was not attempted in these studies.

CONCLUSION

MSC EVs can be incorporated into 3D-printed, photocrosslinked GelMA constructs without
compromising at least one key aspect of their bioactivity. Further, EV burst release can

be significantly reduced by increasing the crosslinker (LAP) concentration during gelation.
Thus, EV-laden GelMA bioinks merit further exploration for therapeutic applications.
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FIGURE 1.
Extracellular vesicle (EV) characterization and bioactivity assessment. (A) Nanotracking

analysis of mesenchymal stem/stromal cell (MSC) EVs. (B) Immunoblots of EV-associated
markers CD63, ALIX, TSG101, and Flotillin-1 as well as endoplasmic reticulum (ER)
marker (Calnexin). (C, D) Human umbilical vein endothelial cells (HUVECS) were treated
with growth media only (EGM; positive control), basal media only (EBM; negative control),
100 pg/ml MSC EVs in basal media. Images were taken at time 0 (brightfield) and 12 h
post wounding of the cell layer. Representative images for each group and timepoint are
displayed and the gap area outlined with a white line. Statistical significance was calculated
using one-way ANOVA with Holm-Sidak’s test (**p < .01, ***p < .001) (7= 3)
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FIGURE 2.
GelMA synthesis and hydrogel characterization. (A) The reaction used to convert gelatin

to gelatin methacrylate (GelMA); orange box highlighting vinyl group used in verification
of GelMA synthesis via NMR. (B) (Left column) Proton NMR of type A gelatin; (right
column) proton NMR of GelMA with representative doublet of doublet peak from vinyl
group in GelMA (orange box). (C) Lyophilized GelMA disc used for scanning electron
microscopy (SEM) imaging. (D) SEM images of 7% (w/v) GeIMA with LAP concentrations
of 0.1%, 0.2%, and 0.4% (w/v). (E) Swollen hydrogel used for rheometry studies. (F)
Storage modulus and (G) loss modulus were measured over a 0-10 rad/s frequency sweep
by rheometry (7= 3)
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FIGURE 3.
Extracellular vesicle (EV) release from 3D-printed GelMA hydrogels is affected by

crosslinking. (A) 3D-printed GelMA constructs showing accurate 6 mm diameter and 2
mm thickness intended for printing. (B) The release profile of EVs over time determined by
CD63+ particles identification by ELISA
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FIGURE 4.
Bioactivity of mesenchymal stem/stromal cell (MSC) extracellular vesicles (EVs) released

from 3D-printed GelMA hydrogels. Human umbilical vein endothelial cells (HUVECS)
were treated with growth media only (EGM; positive control), basal media only (EBM;
negative control), and 100 ug/ml of pooled EVs collected between Hour 1 and Hour 24
from the indicated constructs. GelMA only controls were included. (A, B) Results of EVs
released from GelMA hydrogels crosslinked with 0.1% LAP. (C, D) Results of EVs released
from GelMA hydrogels crosslinked with 0.2% LAP. An additional control of unmodified
MSC EVs was included. Representative images for each group and timepoint are displayed
with the gap area outlined. Statistical significance was calculated using one-way ANOVA
with Holm-Sidak’s test (*p < .05, **p < .01, ***p < .001, ****p < .0001) (n=3)
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