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Supplementary Figure 1. Gene and protein expression profile of fibroblast post
nanotransfection with the EFF cocktail vs. sham/control fibroblasts. gqRT-PCR analysis of (A)
EFF and (B) pro-lymphogenic/angiogenic factors in EFF-nanotransfected pMEFs at day 7 (n=3).
The decrease in expression compared to day 1 readings is presumably due to the combined effect
of iEC maturation, which may result in decreased expression of developmental transcription
factors (20, 53), and additional in vitro proliferation of fibroblasts that did not reprogram. ELISA
analysis of pro-angiogenic proteins, (C) VEGF-A and (D) bFGF and pro-lymphogenic protein, (E)
VEGF-D in pMEFs 24 hours post-nanotransfection with EFF compared to control/sham plasmids

(n=3-4). All error bars are shown as SE. p=0.054, *p<0.05, ***p<0.001 (One-tailed t-test).
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Supplementary Figure 2. Size and protein cargo characterization of exosomes secreted from
fibroblast nanotransfected with the EFF cocktail vs. sham/control plasmids. (A) Size and (B)
concentration profiles from exosomes collected from EFF-nanotransfected fibroblasts 24 hours
post-nanotransfection compared to control (n=3). EFF-nanotransfected fibroblasts appeared to
secrete more exosomes, but no significant changes in size were noted. ELISA analysis of pro-
angiogenic proteins, (C) VEGF-A and (D) bFGF in exosomes collected from EFF-nanotransfected
pMEFs 24 hours post-nanotransfection compared to control (n=3-4). No significant increase/trend

was detected at the protein level. All error bars are shown as SE. *p<0.05 (One-tailed t-test).



DAPI/pMEFs

Supplementary Figure 3. Fibroblast location 0 and 6 hours after intracranial delivery in
healthy mice. Fibroblasts were labelled with PKH26 (cell membrane marker; Sigma, ref. no.
MKCK7206) immediately prior to intracranial delivery into the subarachnoid space in healthy
mice. Representative fluorescence micrographs showing nuclear (DAPI) and labelled fibroblasts
(PKH26) (A) immediately and (B) 6 hours post intracranial injection in healthy mice (scale bar =
1 mm for both whole brain images and 100 um for all insets). These data indicate that after a few
hours, the injected fibroblasts are prone to spreading along the cortex, crossing into the

contralateral hemisphere, possibly aided by cerebrospinal fluid flow (24, 25).



DAPI/DDK

Supplementary Figure 4. Positive DDK immunostaining is suggestive of the presence of EFF-
nanotransfected/expressing fibroblasts in the contralateral hemisphere at days 7 and 14 post-
injection. Histological analysis for the DDK tag (green) on the EFF factors suggests that EFF-
nanotransfected pMEFs can cross to the contralateral hemisphere following injection. This was
verified in (A) brains that were not subjected to a stroke lesion (t = 7 days post-injection), as well

as (B) brains that were subjected to a stroke lesion (t = 14 days post-injection) (scale bar =25 um).
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Supplementary Figure 5. EF F-nanotransfected fibroblasts observed to co-localize with brain
vasculature after intracranial injection. (A) Fluorescence micrographs in the stroke-
affected/ipsilateral hemisphere near the injection site 21 days post-stroke (i.e., 14 days post-cell
injection). The micrographs show cells that were immunoreactive for both the EFF tag (i.e., DDK)
and the endothelial cell marker vWF, presumably confirming the presence of EFF-nanotransfected
pMEFs that converted into iECs, and that form integral/structural part of the newly developed
Vas; (scale bar = 50 um). (B) Quantification of DDK+ blood vessels near intracranial injection
site (n=3). Notably, although significantly less than EFF-nanotransfected fibroblasts, some sham-
nanotransfected fibroblasts also appear to be closely associated with vWF+ structures. This
observation could potentially be indicative of vVWF+ fibroblasts, which have been reported in
previous studies when co-cultured in close proximity with endothelial cells (54), and/or simple
physical proximity between the injected cells and pre-existing vasculature. All error bars are shown

as SE. *p<(0.05 (One-tailed t-test).
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Supplementary Figure 6. Loss in body weight and day 2 infarct volume significantly impact
infarct resolution. Linear regression analysis for infarct volume reduction confounding variables:
(A) loss in body weight 7 days post-stroke (R = 0.268, adj. R° = 0.231, p-value = 0.014, n=22)

and (B) day-2 infarct volume (RZ = 0.174, adj. R =01 74, p-value = 0.054, n=22). (C) Percent
stroke volume reduction in mice with <17% loss in body weigh 7 days post-stroke (n=4). All error

bars are shown as SE.
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Supplementary Figure 7. Microglia presence in glial scar for mice treated with sham- and
EFF-nanotransfected fibroblasts. Immunofluorescence micrographs of the ipsilateral
hemisphere showing nuclear (DAPI) and microglia (Iba-1) staining 21 days post-stroke in mice
treated with sham- or EFF-nanotransfected cells (scale bar = 750 um) with representative higher

magnification inset (scale bar = 50 um).
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Supplementary Figure 8. Quantified parameters from open-field behavioral assessments
throughout experimental timeline. (A) Occupancy heat maps depicting mice activity per
location during behavioral testing on days 0, 2,7 ,14 and 21 post-stroke (dark blue — low activity
area, red — high activity area). Individual behavioral parameter quantification (/eft) before and

(right) after sham- or EFF-nanotransfected cell injection for (B) average speed, (C) maximum

speed, (D) distance traveled, (E) time mobile, (F) total rotations, (G) clockwise rotations and (H)



counterclockwise rotations (n=4-7). All error bars are shown as SE. *»<0.05, **p<0.01,

**xp<(0.001 (two-way ANOVA)
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Supplementary Figure 9. Brain perfusion, infarct resolution and behavioral assessment in
stroke-affected mice with no cell injection. A separate cohort of mice underwent the MCAO
procedure without receiving the intracranial cell injection (i.e., stroke only) to provide a reference
group. (A-B) Brain perfusion in healthy mice or stroke only (21 days post-MCAO) with
representative tracings for perfusion assessment (n=4-6). (C) T2-weighted MR images 2 days and
14 days post-stroke with representative tracings for assessment of infarct volume (orange) and
hemisphere volumes (green/blue); (scale bar=1mm). Infarct resolution analysis for stroke only
mice demonstrated a similar mean resolution of 49 percent (SE=7.9) from day 2 to day 14 post-
stroke in stroke only mice (n=5) compared to mice intracranially injected with sham-
nanotransfected pMEFs 7 days post-MCAO (mean resolution=47 percent, SE=8.8, n=7).
Individual behavioral parameters were collected and quantified at pre-MCAO (baseline/day 0) and
post-MCAO (days 2, 7, 14 and 21) for (D) distance traveled, (E) average speed, (C) maximum
speed, (D) time mobile (n=5). Stroke only mice and mice treated with sham-nanotransfected

pMEFs 7 days post-MCAO produced similar recovery trends with no/minimal marked increase in



distance travelled, average speed or time mobile parameters. All error bars are shown as SE.

*p<0.05 (One-tailed t-test)



Supplementary Table 1. Full list of plasmid DNA vectors used in the study.

Plasmid vector Company | Ref. Number | Type Tag Vector
pCMV6-Entry Tagged Cloning Vector | Origene PS100001 N/A Myc-DDK pCMV6-
(sham/control) Entry
Flil - Mouse friend leukemia integraion Origene MR225907 Mouse Tagged ORF Clone Myc-DDK pCMV6-
Entry
ETV2 - Mouse ets variant gene 2 Origene MR216258 Mouse Tagged ORF Clone Myc-DDK pCMV6-
Entry
FoxC2 - Mouse forkhead box C2 Origene MR221977 Mouse Tagged ORF Clone | Myc-DDK pCMV6-
Entry

Supplementary Table 2. Full list of primers used in the gene expression analysis in the study.

Gene Symbol | Gene Name Gene Aliases Species | Company Ref. no.

Gapdh glyceraldehyde-3-phosphate Gapd Mouse Thgrm_qflsher Mm99999915_gl
dehydrogenase Scientific

Etv2 ets variant 2 Etsrp71 Mouse Thgrm_qflsher MmO00468389_m1
Scientific

. . L . EWSR2, Fli-1, SIC-1, Thermofisher

Fli1 Friend leukemia integration 1 Sicl Mouse Scientific MmO00484410_m1

Foxc2 forkhead box C2 Fkhld, Hihbf3, MFH- Mouse Thgrm_qﬁsher MmO00546194_s1
1, Mfhl Scientific

Figf c-fos induced growth factor Al325264, VEGF-D, Mouse Thgrm_qflsher MmO01131929 m1
Vegfd Scientific

Fgf2 fibroblast growth factor 2 Fof-2, Fgfb, bFGF Mouse gl;grr::i%fésher MmO00433287_m1

Supplementary Table 3. Full list of immunohistolo

y antibodies/proteins used in the study.

Target Primary Raised Company ref. no. Conc. | Secondary Antibody/Fluorofore | Conc.
Antibody/Protein in

Mature Neurons NeuN Rabbit Abcam ab177487 | 1:500 Goat a-rabbit IgG (H+L) (568) 1:200
Astroglia GFAP Rabbit Abcam ab7260 1:500 Goat a-rabbit IgG (H+L) (568) 1:200
Microglia Ibal Rabbit Abcam ab178846 | 1:500 Goat a-rabbit IgG (H+L) (568) 1:200
Endothelial cells VWF Rabbit Abcam ab6994 1:1000 | Goat a-rabbit IgG (H+L) (568) 1:200
Endothelial cells CD31 Rat BD Pharmigen | 550274 1:50 Goat a-rat IgG (H+L) (488) 1:200
Endothelial cells RCA | (Lectin) N/A Vector FL-1081 1:20 Fluorescein (conjugated w/ RCA 1) | N/A
Plasmid tag DDK Mouse Origene TA50011 1:500 Goat a-mouse IgG (H+L) (488) 1:200




Supplementary Table 4. Full list of one-tailed t-test results.

Data Statistical Sham | EFF Shapiro-Wilk Brown-Forsythe Equal T Statistic p- DOF
Test n n Normality Test Variance Test value

Etv2 gene expression One-tailed
(cells 1 day post-NEP) Welch's t-

test 3 3 | Passed Failed -15.947 0.001 2.269
Flil gene expression One-tailed
(cells 1 day post-NEP) Student's t-

test 3 3 | Passed Passed -42.855 <0.001 4.000
FoxC2 gene expression One-tailed
(cells 1 day post-NEP) Student's t-

test 3 3 | Passed Passed -81.768 <0.001 4.000
VegfD gene expression One-tailed
(cells 1 day post-NEP) Welch's t-

test 3 3 | Passed Failed -4.589 0.021 2.037
bFGF gene expression One-tailed
(cells 1 day post-NEP) Student's t-

test 3 3 | Passed Passed -2.442 0.036 4.000
Etv2 gene expression One-tailed
(cells 7 day post-NEP) Student's t-

test 3 3 | Passed Passed -8.841 | <0.001 4.000
Flil gene expression One-tailed
(cells 7 day post-NEP) Student's t-

test 3 3 | Passed Passed -2.978 0.020 4.000
FoxC2 gene expression One-tailed
(cells 7 day post-NEP) Student's t-

test 3 3 | Passed Passed -2.061 0.054 4.000
VegfD gene expression One-tailed
(cells 7 day post-NEP) Student's t-

test 3 3 | Passed Passed -2.356 0.039 4.000
bFGF gene expression One-tailed
(cells 7 day post-NEP) Student's t-

test 3 3 | Passed Passed -0.972 0.193 4.000
Etv2 gene expression One-tailed
(Exosomes 1 day post- Student's t-
NEP) test 6 3 | Passed Passed -10.327 | <0.001 7.000
Flil gene expression One-tailed
(Exosomes 1 day post- Student's t-
NEP) test 6 3 | Passed Passed -12.134 | <0.001 7.000
FoxC2 gene expression One-tailed
(Exosomes 1 day post- Student's t-
NEP) test 6 3 | Passed Passed -12.988 | <0.001 7.000
VegfD gene expression One-tailed
(Exosomes 1 day post- Student's t-
NEP) test 6 6 | Passed Passed -0.727 0.242 | 10.000
bFGF gene expression One-tailed
(Exosomes 1 day post- Student's t-
NEP) test 6 6 | Passed Passed -1.450 0.089 | 10.000
Infarct Volume Resolution | One-tailed
- all mice Student's t-

test 11 11 | Passed Passed -1.238 0.115 | 20.000
Infarct Volume Resolution | One-tailed
- mice >17%BW loss Student's t-

test 7 7 | Passed Passed 1.796 0.049 | 12.000
Infarct Volume Resolution | One-tailed
- mice <17%BW loss Student's t-

test 4 4 | Passed Passed -0.291 0.390 6.000
CD31 Immunohistology - One-tailed
Ipsilateral hemisphere Student's t-

test 6 8 | Passed Passed -2.726 0.009 | 12.000
CD31 Immunohistology - One-tailed
Contralateral hemisphere Student's t-

test 6 8 | Passed Passed -2.275 0.021 | 12.000
Lectin immunohistology - One-tailed
Ipsilateral hemisphere Welch's t-

test 4 7 | Passed Failed -3.979 0.002 8.369
Lectin Immunohistology - One-tailed
Contralateral hemisphere Student's t-

test 4 7 | Passed Passed -2.725 0.012 9.000




NeuN Immunobhistology - One-tailed
Ipsilateral hemisphere Student's t-

test 8 9 | Passed Passed -2.818 0.006 | 15.000
GFAP Immunohistology - One-tailed
Ipsilateral hemisphere Student's t-

test 10 10 | Passed Passed -2.373 0.015 | 18.000
DDKNWVWF One-tailed
Immunohistology - Student's t-
Ipsilareral hemisphere test 3 3 | Passed Passed -3.162 0.017 4.000
Exosome mean particle One-tailed
size Student's t-

test 3 3 | Passed Passed 0.971 0.193 4.000
Exosome mode particle One-tailed
size Student's t-

test 3 3 | Passed Passed -0.018 0.493 4.000
Exosome concentration One-tailed

Student's t-

test 3 3 | Passed Passed 2.367 0.039 4.000
LSI - Healthy CI One-tailed

Student's t-

test 6 6 | Passed Passed -2.152 0.028 | 10.000
VEGF-A protein One-tailed
expression (cells 1 day Student's t-
post-NEP) test 4 3 | Passed Passed -1.009 0.180 5.000
VEGF-D protein One-tailed
expression (cells 1 day Welch's t-
post-NEP) test 4 3 | Passed Failed 1.186 0.171 2.324
bFGF protein expression One-tailed
(cells 1 day post-NEP) Student's t-

test 4 3 | Passed Passed -0.803 0.229 5.000
VEGF-A protein One-tailed
expression (exosomes 1 Student's t-
day post-NEP) test 3 4 | Passed Passed 0.485 0.324 5.000
bFGF protein expression One-tailed
(exosomes 1 day post- Welch's t-
NEP) test 3 4 | Passed Failed 0.767 0.261 2.058
LSI - Healthy(H) One-tailed
Istroke(S) only Student's t-

test (H)6 | (S)4 | Passed Passed 2.183 0.030 8.000




Supplementary Table 5. Full list of two-way ANOVA results.

Data Statistical Sham EFF n Normality Equal T F T: p- D: F D: p-value TDI: F TDI:
Test n Test Variance | statistic | value | statistic statistic p-

Test value

d14 and d21 Two-way d14=7; | d14=7; | Passed Passed

Behavioral - ANOVA d21=4 d21=7

Average Speed 6.736 | 0.017 0.213 0.650 0.304 | 0.587

d14 and d21 Two-way d14=7; | d14=7; | Passed Passed

Behavioral - Max ANOVA d21=4 d21=7

Speed 0.158 | 0.695 0.984 0.333 0.046 | 0.832

d14 and d21 Two-way d14=7; | d14=7; | Passed Passed

Behavioral - ANOVA d21=4 d21=7

Distance

Traveled 9.331 | 0.006 0.051 0.823 0.218 0.645

d14 and d21 Two-way d14=7; | d14=7; | Failed Passed

Behavioral - Time | ANOVA d21=4 d21=7

Mobile on Ranks 11.584 | 0.003 2.339 0.141 0.456 | 0507

d14 and d21 Two-way d14=7; | d14=7; | Passed Passed

Behavioral - # of ANOVA d21=4 d21=6

Total Rotations 4.638 | 0.044 0.007 0.935 0.094 | 0.762

d14 and d21 Two-way d14=7; | d14=6; | Passed Failed

Behavioral - # of ANOVA d21=4 d21=5

Clockwise on Ranks

Rotations 0.033 | 0.859 1.138 0.301 1.190 0.290

d14 and d21 Two-way d14=7; | d14=7; | Passed Passed

Behavioral - # of ANOVA d21=4 d21=6

Counterclockwise

Rotations 1.507 | 0.235 0.986 0.333 4.413 | 0.049*

d2 and d7 Two-way d2=7; d2=7; Passed Passed

Behavioral - ANOVA d7=6 d7=5

Average Speed 0.028 | 0.869 2.260 0.148 0.559 0.463

d2 and d7 Two-way d2=7; d2=7; Passed Passed

Behavioral - Max ANOVA d7=6 d7=5

Speed 0.036 | 0.851 0.695 0.414 0.045 0.834

d2 and d7 Two-way d2=7 d2=7 Passed Passed

Behavioral - ANOVA d7=6 d7=5

Distance

Traveled 0.463 | 0.504 2.952 0.100 1.062 0.314

d2 and d7 Two-way d2=7; d2=7; Passed Passed

Behavioral - Time | ANOVA d7=6 d7=5

Mobile 1.628 | 0.216 2.315 0.143 2.562 0.124

d2 and d7 Two-way d2=7; d2=6; Failed Passed

Behavioral - # of ANOVA d7=6 d7=5

Total Rotations | on Ranks 2497 | 0130 | 0452 0509 | 0.009 | 0.927

d2 and d7 Two-way d2=7; d2=5; Passed Passed

Behavioral - # of ANOVA d7=7 d7=4

Clockwise

Rotations 0.090 | 0.768 0.085 0.774 0.901 0.354

d2 and d7 Two-way d2=7; d2=5; Failed Passed

Behavioral - # of ANOVA d7=6 d7=5

Counterclockwise | on Ranks

Rotations 2.030 | 0.170 0.135 0.717 0.357 0.557

Legend: Treatment = T; Day = D; Treatment x Day Interaction = TDI; Normality Test = Shapiro-Wilk T p-

Test; Equal Variance = Brown-Forsythe Test % Interaction statistic value

Treatmentxd21 2.197 0.041
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