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Flare —AG(Duplex) (kcal/mol)”
FSP1 (human) FSP1 (mouse)
12 nt 13.7
14 nt 16.9
15 nt 18.7 21.4
16 nt 21.0
18 nt 24.5
Target 534 58.6
PECAM1 (human) PECAM1 (mouse)
15 nt 19.4 21.4
Target 48.9 61.4
KRT14 (human) KRT14 (mouse)
15 nt 20.8 20.8
Target 56.8 56.8
GAPDH (human) GAPDH (mouse)
15 nt 19.6 20.9
Target 57.8 59.9

*Predicted using RNA Structure

Table S1. The predicted free energy change of the R-F (recognition-flare) duplex with varied flare
length of 12, 14, 15, 16, and 18 nt (human and mouse).



Binding free R+T R+F RF/FT GC contents Recovery
energy of (%) (%) Kinetics ,
Nanoflare —AG(Duplex) Saturation
(kcal/mol)

FSP1 534 18.7 35 46 (high, fast)
KRT14 56.8 20.8 36.6 53 (low, slow)
PECAM1 48.9 194 39.7 46 (low, fast)
GAPDH 57.8 19.6 33.9 53 (high, slow)

Table S2. Recovery Kinetics and saturation time of NFs



Protein Gene Forward Reverse

FSP-1 S100A4 5 TGAGCAACTTGGACAGCAACA3' 5-ATTTCTTCCTGGGCTGCTTATCT-3
CTGF cenz CAGCATGGACGTTCGTCTG AACCACGGTTTGGTCCTTGG
Collagen-1 COL1A1 TCTGCGACAACGGCAAGGTG GACGCCGGTGGTTTCTTGGT
HSP47 SERPINH1 AACCGTGGCTTCATGGTGACTC TGATGAGGCTGGAGAGCTTGTG
a-SMA ACTA2 CTATGCCTCTGGACGCACAACT CAGATCCAGACGCATGATGGCA
cD24 CcD24 CACGCAGATTTATTCCAGTGAAAC GACCACGAAGAGACTGGCTGTT
CD26 DPP4 AAAGGCACCTGGGAAGTCATCG CAGCTCACAACTGAGGCATGTC
CcDso THY1 GAAGGTCCTCTACTTATCCGCC TGATGCCCTCACACTTGACCAG
SCA ATXNA AGATCGACTCCAGCACCGTAGA CTCTACCAAAACTTCAACGCTGAC
DDR2 DDR2 AACGAGAGTGCCACCAATGGCT ACTCACTGGCTTCAGAGCGGAA
MMP-2 MMP2 AGCGAGTGGATGCCGCCTTTAA CATTCCAGGCATCTGCGATGAG
Vimentin VM AGGCAAAGCAGGAGTCCACTGA ATCTGGCGTTCCAGGGACTCAT
Protein Gene Forward Reverse

Keratin 10 KRT10 5-CCTGCTTCAGATCGACAATGCC-3' 5-ATCTCCAGGTCAGCCTTGGTCA Y
Keratin 14 KRT14 TGCCGAGGAATGGTTCTTCACC GCAGCTCAATCTCCAGGTTCTG
Keratin 1 KRT1 CAGCATCATTGCTGAGGTCAAGG CATGTCTGCCAGCAGTGATCTG
Keratin 5 KRTS GCTGCCTACATGAACAAGGTGG ATGGAGAGGACCACTGAGGTGT
Keratin 16 KRT16 CTACCTGAGGAAGAACCACGAG CTCGTACTGGTCACGCATCTCA
Involucrin VL GGTCCAAGACATTCAACCAGCC TCTGGACACTGCGGGTGGTTAT
Filaggrin FLG GCTGAAGGAACTTCTGGAAAAGG GTTGTGGTCTATATCCAAGTGATC
Transglutaminase TGM1 GAACGACTGCTGGATGAAGAGG CTTGATGGACTCCACAGAGCAG
P2X purinoceptor 7 P2RX7 CGACTAGGAGACATCTTCCGAG GCAGTGATGGAACCAACGGTCT
P2Y purinoceptor 2 P2RY2 CGAGGACTTCAAGTACGTGCTG GTGGACGCATTCCAGGTCTTGA
Caspase 14 CASP14 GGTGGATGTGTTCACGAAGAGG CCTTCTTGAACCAGCTCTGCTTC
SPRR2A SPRR2A CAGTGCCAGCAGAAATATCCT CCAAATATCCTTATCCTTTCTTGG
Protein Gene Forward Reverse
PECAN-1/CD31 PECAMT 5 AAGTGGAGTCCAGCCGCATATC3 5 ATGGAGCAGGACAGGTTCAGTC3
KDR/VEGFR2 KDR GGAACCTCACTATCCGCAGAGT CCAAGTTCGTCTTTTCCTGGGC
VEGFR1 FLT1 CCTGCAAGATTCAGGCACCTATG TTGCAGTGCTCACCTCTGATT
CD34 CcD34 CCTCAGTGTCTACTGCTGGTCT GGAATAGCTCTGGTGGCTTGCA
Endoglin/CD105 ENG CGGTGGTCAATATCCTGTCGAG AGGAAGTGTGGGCTGAGGTAGA
MCAM/CD146 MCAM ATCGCTGCTGAGTGAACCACAG CTACTCTCTGCCTCACAGGTCA
ICAM-1 ICAMA AGCGGCTGACGTGTGCAGTAAT TCTGAGACCTCTGGCTTCGTCA
VCAM-1 VCAMA GATTCTGTGCCCACAGTAAGGC TGGTCACAGAGCCACCTTCTTG
e adherin CDH5 GAAGCCTCTGATTGGCACAGTG TTTTGTGACTCGGAAGAACTGGC
W VWF CCTTGAATCCCAGTGACCCTGA GGTTCCGAGATGTCCTCCACAT
Tie-2 TEK GGTCAAGCAACCCAGCCTTTTC CAGGTCATTCCAGCAGAGCCAA
EDG1/S1PR1 S1PR1

CCTGTGACATCCTCTTCAGAGC

CACTTGCAGCAGGACATGATCC

Table S3. Primer information.



Gene Nucleotide

Sequence

FSP1 Human Recognition
Mouse Recognition

5-ATTTCTTCCTGGGCTGCTTATCTGGGAAAAAAAA-SH 3’
5- ACTTCTTCCGGGGCTCCTTATCTGGGCAAAAAAA-SH 3

Flare

Length Human 18 nt

Human 16 nt

Human 15 nt

Mouse 15 nt

Human 14 nt

Human 12nt

3'- CCCGACGAATAGACCCTT-FAM-5'

3'- CGACGAATAGACCCTT-FAM-5'
3'- GACGAATAGACCCTT-FAM -5

3'- GAGGAATAGACCCGT-Cy3 -5

3'- ACGAATAGACCCTT-FAM-5'

3'- GAATAGACCCTT-FAM-5'

PECAM1 Human Recognition
Mouse Recognition

5-ATGGAGCAGGACAGGTTCAGTCTTTCAC AAAAAA-SH-3'
5-TTAAGGGAGCCTTCCGTTCTTAGGGTCGACAAAAAA-SH-3’

Human Flare
Mouse Flare

3'-CCAAGTCAGAAAGTG-Cy3-5
3-CAAGAATCCCAGCTG-Cy3-5’

KRT14 Human Recognition
Same as human

5'- GACTGCAGCTCAATCTCCAGGTTCTGCAAAAAAA-SH -3’

Human Flare
Same as human

3'- AGAGGTCCAAGACGT-Cy3 -5

GAPDH Human Recognition
Mouse Recogpnition

5'- GATGGCATGGACTGTGGTCATGAGTCCTAAAAAA-3'
5'- GATGGCATGGACTGTGGTCATGAGCCCTAAAAAA:-3'

Human Flare
Mouse Flare

3-CACCAGTACTCAGGA-Cy5-5
3-CACCAGTACTCGGGA-Cy5-5’

Table S4. Sequence of recognitions and flares for NanoFlare.
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Supplementary Figure S1. Optimization of R:F ratio for the R-F duplex hybridization.
Polyacrylamide gel electrophoresis of R-F hybridization under different R:F ratios (R and F
concentration: 100 uM, R: F=v/v).
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Supplementary Figure S2. Characterization of NanoFlares (NFs): (A) The change of fluorescence
signal upon the mixing of target sequence and NFs made from different methods; (B) Absorbance
spectra of gold nanoparticles (GNPs) and NF; (C) Hydrodynamic diameters; (D) Zeta-potentials of
GNPs and NFs (n=3, values are means = s.d.); (E) Excitation and emission spectra of FAM (493-517
nm), Cy3 (555-569 nm), and Cy5 (651-670 nm).
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Supplementary Figure S3. R+F selection: (A) Possible secondary structure prediction of the R-F
(recognition-flare) duplex for FSP1-NFs; (B) KRT14-NFs; (C) PECAM1-NFs; (D) GAPDH-NFs.
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Supplementary Figure S4. Upon the addition of target sequence, the changes of fluorescence
signals of FSP1-NFs that were synthesized with 12, 14, 15, 16, 18 and 20 nucleotide-long flare
sequences: (A) quantification of the fluorescence signal changes; (B) the change of fluorescence over
time (n=3, NFs concentration: O.D 0.4, Target= 2 uM, values are means = s.d.).
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Supplementary Figure S5. Restoration of (A) FSP1-NFs; (B) KRT14-NFs; (C) PECAMI-NFs; (D)
GAPDH-NFs fluorescence under different concentrations of target sequences (n=3, values are means =+

s.d.).
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Supplementary Figure S6. Optimization of (A) FSP1-NFs; (B) KRT14-NFs; (C) PECAMI1-NFs; (D)
GAPDH-NFs working concentrations using cell experiments. (n=3, 5x10*/mL cells were labeled with

NFs in 24 hrs, (**p<0.01, *** p <0.001, **** p <0.0001, and ns= not significant, n=3, values are means
+s.d.).
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Supplementary Figure S7. Cytotoxicity study of (A) FSP1-NFs on NDF; (B) KRT14-NFs on HaCaT;
(C) PECAMI1- NFs on HUVEC; (D) GAPDH-NFs on HUVEC (CNTL=no treat, ns= not significant,
5x10*/mL cells were cultured with NFs in 24 hrs, n=3, values are means + s.d.).
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Supplementary. Figure S8. Evaluation of target gene expression in cells by NFs.(A) Fluorescence
images of FSP1-NF labeled NDFs (Control: no treat, FGF2: 40 ng/mL, TGFB1: 40 ng/mL, scale bar
=50 um); (B) Normalized FSP1-NF signal by taking Hoechst as the reference; (C) Correlation between
the normalized FSP1-NF signal and qPCR results; (D) Fluorescence images of KRT14-NF labeled
HaCat (Control: no treat, EGF: 40 ng/mL, TGFB1: 40 ng/mL, scale bar =50 um); (E) Normalized
KRT14-NF signal by taking Hoechst as the reference; (F) Correlation between the normalized KRT14-
NF signal and qPCR results; (G) Fluorescence images of PECAMI1-NF labeled HUVEC (Control: no
treat, VEGF: 40 ng/mL, TGFB1: 40 ng/mL, scale bar =50 um); (H) Normalized PECAMI1-NF signal
by taking Hoechst as the reference; (I) Correlation between the normalized PECAM1-NF signal and
gqPCR results (NFs=0.D 0.1 for FSP-NF, 0.0125 for KRT14-NF and PECAMI-NF, cells were starved
and cultured in serum reduced media for 2 days before NF treatment, **p<0.01, *** p <0.001, and ns=
not significant, n=3, values are means =+ s.d.).
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Supplementary Figure S9. Quantification of target gene expression in cells: (A) FSP1 expression
in three types of cells evaluated by FSP1-NF (total RNA of 100 ng/uL, NF=0.D 0.4); (B) qPCR
evaluation of FSP1 expression in cells; (C) Correlation between the normalized FSP1-NF signal and
gPCR results; (D) KRT14 expression in three types of cells evaluated by KRT14-NF (total RNA of 100
ng/pL, NF=0.D 0.4); (E) qPCR evaluation of KRT14 expression in cells; (F) Correlation between the
normalized KRT14-NF signal and qPCR results; (G) PECAMI1 expression in three types of cells
evaluated by PECAMI-NF (total RNA of 100 ng/uL, NF=0.D 0.4); (H) qPCR evaluation of
PECAM expression in cells; (I) Correlation between the normalized PECAM1-NF signal and qPCR
results. Values are means = s.d. (**p<0.01, *** p <0.001, and ns=not significant, n=3, values are means
+s.d.).
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Supplementary Figure S10. Confocal fluorescence images of NDFs labeled with FSP1-NFs at
different time points. Cells were pre-stained with Lysotracker. Scale bar is 20 um, Cy3: lysotracker,
Blue: Hoechst, and Green: FSP1-NFs.
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Supplementary Fi 1gure S11. Fluorescence images of NDF treated with 10 growth factors and NFs.
(CNTL: no treat, EGF: 40 ng/mL, FGF2: 40 ng/mL, TGF1: 40 ng/mL, KGF: 40 ng/mL, IGF:40 ng/mL,
TNF-a: 40 ng/mL, IL-6: 40 ng/mL, PDGF: 8 ng/mL, VEGF: 20 ng/mL, GM-CSF: 20 ng/mL) Scale bar
is 50 um. The concentrations of FSP1-NF and GAPDH-NF were O.D 0.4 and 0.0125 respectively.
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Supplementary Figure S12. Fluorescence images of HaCaT treated with 10 growth factors and
NFs. (CNTL: no treat, EGF: 40 ng/mL, FGF2: 40 ng/mL, TGFB1: 40 ng/mL, KGF: 40 ng/mL, IGF:40
ng/mL, TNF-a: 40 ng/mL, IL-6: 40 ng/mL, PDGF: 8 ng/mL, VEGF: 20 ng/mL, GM-CSF: 20 ng/mL,
scale bar =50 pum, Both concentrations of KRT14-NF and GAPDH-NF were 0.0125.
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Supplementary Figure S13. Fluorescence images of HUVEC treated with 10 growth factors and
NFs. (CNTL: no treat, EGF: 40 ng/mL, FGF2: 40 ng/mL, TGFB1: 40 ng/mL, KGF: 40 ng/mL, IGF:40
ng/mL, TNF-a: 40 ng/mL, IL-6: 40 ng/mL, PDGF: 8 ng/mL, VEGF: 20 ng/mL, GM-CSF: 20 ng/mL,
scale bar =50 pum, Both concentrations of PECAMI1-NF and GAPDH-NF were O.D 0.0125.

18



@ #5 MWD
@ + ¢ + 00 - W @

Spheroids NanoFlares SiRNA
A Notreat  siRNA siRNA +TGF1 TeFp1 G c 18] oo 00005
o
S N
Bright = 107
rig &,
%’ 0.5 (]
FSP1- NF g
w 0.0 T T T T
g \ed N N
‘\0\“'? £ ‘,\o“\ &
GAPDH-NF &
6\
g 251 ns
o
Merge & 2.0 . N
2 1.5 bd A
E ’ 3 ° (g NG
> 1.04 v
B Notreat  siRNA SiRNA + TGFB1 TGFp1 g *
2 0.54
£
Bright A
S KN N
rig S ée" é@‘r p C’Q\ . 0«%
E
B
S 104
GAPDH-NF z
‘c
S 0.1+
[
g = o
s il
Merge £ 001 == SiRNA+TGFp1
g mm TGFp1
é’ 0.001 T T
& *gf‘\h

Supplementary Figure S14. Monitoring the cellular gene changes in 3D spheroid using NFs: (A)
Fluorescence images of FSP1-NF labeled NDF spheroids that were pre-treated with TGFBR1 siRNA,
TGFBR1 siRNAs +TGFB1, and TGFB1. (n=10, scale bar =100 pum); (B) Fluorescence images of
KRT14-NF labeled HaCaT spheroids that were pre-treated with TGFBR1 siRNA, TGFBR1 siRNAs
+TGFp1, and TGFB1 (n=10, scale bar =100 um); (C) Quantification of FSP1 NF signals in A; (D)
Quantification of KRT14 NF signals in B; (E) qPCR results of FSP1 and KRT14 expression in 3D

spheroids. Values are means = s.d. (*** p <0.001, **** p <0.0001, and ns= not significant, values are
means =+ s.d.).
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Supplementary Figure S15. Tracking wound healing process using NFs on normal and diabetic
wound healing models: (A) IVIS imaging of mice post NFs application (FSP1-NF treated wound:
green circles; KRT14-NF treated wound: red circle; PECAMI-NF treated wound: blue circles;
GAPDH-NF treated wound: purple circle; Mean fluorescence intensity of (B) FSP1-NF, (C) KRT14-
NF, (D) PECAMI1-NF, (E) GAPDH-NF from both wound groups (n = 11, duplicate, mean with SEM).
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Supplementary Figure S16. A wound healing algorithm for patients with diabetic foot ulcer: (A)
Delayed proliferation stage; (B) Proliferative but lack of epithelization stage; (C) Starting
reepithelization; (D) Successful reepithelization; (E) Evaluation of target gene expression by NFs on
the normal and diabetic groups (target gene/GAPDH) from Figure 5; (F) Analyzed wound healing index
based on NF’s signal from E.
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