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SUPPLEMENTARY MATERIALS

Supplementary Methods

M ouse model of VML

Scaffold preparation, surgical procedure, and édsarvest were performed as previously
described Z0). Briefly, approval was obtained from the Univéysiof Pittsburgh
Institutional Animal Care and Use Committee. Twefutyr female C57BL/6 mice were
randomly assigned into either treated or untreatgubrimental groups. Both groups were
subjected to a muscle defect consisting of unidtersection of the tensor fascia latae
quadriceps muscle. The VML defect accounts forss lof approximately 90% of the
fascia latae and 60% of the rectus femoris. Inttta defect represents a volumetric loss
of approximately 75% of the quadriceps skeletal clmusompartment. This 75% loss is
analogous to the VML injuries treated in the tratishal portion of the present
manuscript.The defects within the treated group were filledhwa biologic scaffold
composed of ECM. Non-resorbable marker sutures ww&reed at the corners of the
defect in both groups and were used to identifydeect margins. The time points for
evaluation were 7, 14, and 180 days (n=4 per tigiatg group). Microscopic analysis
included histochemistry and immunolabeling to exeanPVSCs and skeletal muscle

tissue.

Physical therapy
Screening. The screening evaluation included a clinical exatiam performed by

a licensed physical therapist (F.A., M.B.). A medlicistory was obtained and the subject



goals for participation in the study were documeéniehe greatest perceived functional

limitations were identified. Active and passive gaa of motion were assessed using a
goniometer, and strength of the affected region wmasessed using a hand-held

dynamometer. Functional assessments were establisha patient-by-patient basis and

were aligned with the subject's self-reported grsttdeficits and the clinical

examination.

Pre-surgical. Functional outcome variables were establishedori immediately
following completion of the screening visit. Becausach subject was unique in his
clinical presentation, outcome variables that isalaissue and functional deficits across
specific joints were identified through a study neaonsensus. Outcome variables
previously shown to be valid and reliable, and wpessible aligned with the participants
self-reported deficits were selected. This cust@sighed pre-surgical rehabilitation
protocol lasted 6-8 weeks, and only subjects whachhed maximum strength and
functional capacity upon completion of the pre-stabphysical therapy program, as

determined by the treating physical therapist, peded to surgery.

Post-surgical. Physical therapy that mimicked the pre-operativegmam was
initiated within 24-48 hours post-surgery. Painelewange of motion, strength and
functional capacity were evaluated at each visierjth measures were assessed with a
hand held dynamometer. Targeted exercises wererpertl within the subject’'s pain
tolerance as early as the first postoperative dal e goal of stimulating muscle
contraction and weight bearing across the scaffoiglantation site. Subjects were
instructed in a home exercise program, which theyewencouraged to perform multiple

times each day. Physical therapy visits were cote@l& times per week for the first 6



weeks post-surgery. The customized physical thegaegram was then adjusted in

frequency based upon the patients’ functional imeneent.

I mmunolabeling

Frozen or formalin fixed tissue sections from tleant study were fixed in ice cold
50:50 methanol acetone for 5 minutes, or 10% nkebutered formalin for 18 hours
respectively: at room temperature and washed irsgitette buffered saline (PBS). To
reduce non-specific antibody binding, tissue sestiovere blocked in blocking buffer
(1% (w/v) bovine serum albumin, 2% (v/v) normal $®iserum, 0.05% (v/v) Tween-20,
0.05% (v/v) Triton X-100 in PBS) for 1 hour. Tissgections were then incubated in
primary antibodies diluted in blocking buffer withouse on mouse blocking reagent
(Vector Labs) according to manufacturer's protoabldC for 16 hours. The primary
antibodies used for the immunolabeling studies wé@)emouse monoclonal CD146
(Abcam, Cambridge, MA) at a 1:350 dilution for idénation of perivascular cells; (ii)
rabbit polyclonal Neurogenin-2 (NG2, Millipore) at1:200 dilution for identification of
perivascular cells; (iii) monoclonal arill tubulin (Thermo-Fisher/Pierce) at a dilution
of 1:200 for identification of neurons; and (iv) naxlonal anti-desmin (Abcam) and (iv)
monoclonal anti-sarcomeric myosin heavy chain (MH[Developmental Studies
Hybridoma Bank (DSHB) at the University of lowa]1a200 dilution for identification of
muscle cells. After washing in PBS, tissue sectiorese incubated in fluorophore
conjugated secondary antibodies (Alexa Fluor dordaymouse 488 or 594 or donkey
anti-rabbit 488, Invitrogen). After washing agaimtlwPBS, nuclei were counterstained

with DAPI and slides were coated with anti-fade mowg media (Dako).



The human tissue biopsy samples were embedded timadpcutting temperature
compound (OCT, Sakura Finetek) and snap frozeniguid nitrogen. Frozen tissue
sections (5um) were fixed in ice cold 50:50 methaoetone for 5 minutes at room

temperature and washed in PBS.

Tissue sections were blocked in blocking buffév[iw/v) bovine serum albumin,
2% (v/v) normal horse serum, 0.05% (v/v) Tween-&fd 0.05% (v/v) Triton X-100 in
PBS] for 1 hour. The primary antibodies were ampliiluted in blocking buffer, at°@
for 16 hours. The primary antibodies used for thenunolabeling studies were: (i) 1:350
mouse monoclonal anti-CD146 (Abcam); (ii) 1:200kialpolyclonal anti-Neurogenin-2
(NG2; Millipore); (iii) 1:200 488 conjugated goaodlgclonal anti-von Willebrand Factor
(VWF) (USBiological) and; (iv) 1:200 mouse monodabmanti-desmin (Abcam) and (v)
monoclonal anti-sarcomeric MHC (DSHB at the Uniugref lowa). After washing in
PBS, the secondary antibodies were applied (AlénarFlonkey anti-mouse 488 or 594
or donkey anti-rabbit 488, Invitrogen). After wasfpiagain with PBS, nuclei were

counterstained with DAPI and slides were coatedl aitti-fade mounting media (Dako).

Tissue sections were evaluated using a Zeiss Asgiwver Z1 microscope using a
20X, 0.4-NA objective with a 1.6X Optovar magnificen changer (Carl Zeiss). A
minimum of three fields of view from each of thegioal sites or biopsy samples were

examined from each preclinical model< 4) and human patiem € 5), respectively.

EMG in the mouse model
Mice were anesthetized with 2% isofluorane, andh blo¢ treatment area and the femoral

nerve were exposed. A pair of fine wire electrof® G, Teflon-coated with 1.5-mm



deinsulated tips) spaced 3-4 mm apart were placedind the femoral nerve
approximately 1 cm rostral to the defect area, @s®t to evoke muscle twitch. A custom
bipolar silicone epimysial electrode was placedhimitthe defect via blunt dissection
along the fascial plane dividing the tensor fasatae and rectus femoris muscles. The
silicone cuff electrically insulated the defectafeom native muscle dorsal to the defect
while the exposed electrodes remained in contadtsixely with remodeled tissue. The
recording leads were spaced 1.5 mm apart alongogteocaudal axis positioned in the

center of the defect, and were grounded to theda#duce electrical noise and artifact.

CMAPs were evoked via stimulation of the femoratvee Symmetric biphasic
voltage-controlled pulses with a 28 cathodic leading phase were applied at a raBe of
pulses per second and a 20-second train duratiood¢MS88X Stimulator, Grass
Technologies, Natus Neurology Inc.) for each statiah event. Electrical responses
within the defect were amplified (50X gain) anddrked (30 — 3000 Hz bandpass) prior to
measurement (BMA 400 bioamplifier, CWE Inc.). A genof stimulation intensities
between 0.3 and 8 V were applied in successiomaoacterize muscle fiber recruitment,
and the range of stimulation intensities was reggedt3 times for each animal. The EMG
response from each pulse train was averaged aoddest(Tektronix TDS 3012C Digital
Phosphor Oscilloscope, Tektronix Inc.) for analydishe peak-to-peak voltage ¢y and
root mean square voltage {\¥s) responses during a time window 1-8 ms following

stimulation.

The muscle fiber recruitment curve (stimulationemgity vs. \bfVgrus) was
characterized by parameters that define a sigmuidtion @2, 44). The maximum peak-

to-peak voltage (Mp-may and maximum RMS voltage fs-may Were defined by the



amplitude of the CMAP response during maximal, gstptnc stimulation. The
stimulation threshold (Sesp Was defined as the minimum stimulation voltagguresd to
evoke a CMAP response, and the half-max stimulat®p) and maximum stimulation
(Smay Were defined as the minimum stimulation voltageguired to evoke one half of
the maximal and the maximal CMAP response, resgaygti The slope of the muscle
recruitment curve was defined as the maximum linslape in the peak-to-peak

voltage/stimulation intensity relationship.



Supplementary Figures
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Figure S1. CMAP at different stimulation intensitiesin mice. (A to C) Representative
waveforms for healthy, ECM-treated, and untreaté@ix) VML mouse model defects.
The CMAP response begins after approximately 1(B)sRepresentative image pflll
tubulin immunolabeling for neurons present withine tECM scaffold implantation site
after 6 months. Scale bar, 50 um.
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Figure S2: Histomorphology in human subjects with VML. Ultrasound-guided

biopsies from each patient showing CD146+ PVSChiwiand outside of (arrows) their
typical perivascular niche 5-8 weeks after ECM fatdfimplantation. Desmin+ muscle
cells were present in biopsies from each patienB24veeks after ECM scaffold
implantation. Scale bars, 50 um.



SUPPLEMENTARY TABLES

Table S1. Semiquantification of histological findings from the mouse model of VML.

The anatomic location of PVSCs and the presenemgibgenesis and muscle cells were

identified at 7 days and 14 days post injury inre@ted § = 4) vs. ECM treatedn(= 4)

VML defects. The presence of muscle cells was alsatified after 6 months in both

treatment groupsn(= 4). Angiogenesis was evaluated by the preseric€RB1+

vasculature structures. CD146+NG2+ PVSCs were iiteshtindependent of CD31+
vessels. Desmin+ and myosin heavy chain (MHC)+scrlentified the presence of

skeletal muscle cells.

6 Months
7 Days after injury 14 Days after injury after
injury
CD146+NG2+ . CD146+NG2+ .
. . Desmin+/ . . Desmin+/
Animal | Angio- cells Angio- cells Desmin+/
.. MHC+ .. MHC+
number | genesis | independent genesis |independent of MHC+ cells
cells cells
of vessels vessels
Un- 1 +++ - - ++ - - -
treated 2 +++ + - + - - -
VML 3 ++ - - +++ + - -
defects 4 4+ - - ++ - - -
ECM- 1 ++ + - ++ +++ - ++
treated 2 +++ - - +++ ++ - ++
VML 3 +++ - - ++ +++ - +++
defects 4 4+ - - 4+ 4+ - ++




Table S2. Patient exclusion and inclusion criteria. Patients were screened agaiast
priori established exclusion and inclusion criteria.

Inclusion criteria

Exclusion criteria
Inability to provide informed consent Age: S
18 to 60 years and able to provide inform consent.
- Subjects:
Poor nutrition Military and civilian
Time since injury:

Within last 18 months. Target of 18 months or
less, but subjects may be enrolled with injury

Cancer diagnosis within last 12 months outside this range if the Pl determines there is
viable muscle in the injured compartment by
clinical exam and imaging studies.

Structural deficit:

Complete muscle/tendon gaps greater than 5 cm 25% (of muscle mass)
Infection Functional deficit:
25%

Injuries may encompass a single muscle belly or
Known coagulopathy compar.tment. Whether an area is expected to be

repaired by sutures will be determined from
imaging studies and physical examination.

Diagnosis of schizophrenia or bipolar disorder | Eligible for study procedures 3 months post injury

- . . Willing and able to comply with follow up exams,
Chronic disease such as congestive heart failure, . . . .
. . ; . radiographic studies, physical therapy, muscle
liver disease, renal disease, or diabetes !
biopsy, and lab tests.

Active and unstable disease state or infection
anywhere in the body per doctor's evaluation and
determination

Pregnancy

Hypersensitivity to bovine serum or porcine
products






