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Table S1. Sequences of aptamers and releasers

aptamer/ releaser Sequence
5S’GUCUUUCAGGAAGAUCAUACAUGAGGAUCAC
CCAUGUCCUUAGCUUCUGCGUACAUGAGGAUC
ACCCAUGUCUGCAGGACAUGAGGAUCACCCAU
GU-3’
5’GUCUUUCAGGAAGAUCAUACAUGAGGAUCAC
CCAUGUUUCCGAUCCUCAUACACAUGAGGAUC
ACCCAUGUCUGCAGGACAUGAGGAUCACCCAU

Ldlr aptamer

Ctrl aptamer

GU-3’
Ldlr releaser 1 5’-CUGCAGGACGCAGAAGCUAAGG-3’
Ldlr releaser 2 5’-UAUGAUCUUCCUGAAAGACAA-3’
Ctrl releaser 1 5’-UUCAUGAGUAUGAGGAUCGGAA-3’
Ctrl releaser 2 5’-UGCAGCUCCUUCAGGGAGUAA-3’

Table S2. Sequences of primers
qPCR

Mouse Ldlr

Forward | 5-TGACTCAGACGAACAAGGCTG-3’
Reverse | 5’-ATCTAGGCAATCTCGGTCTCC-3’
Forward | 5-AGGTCGGTGTGAACGGATTTG-3’
Reverse | 5-TGTAGACCATGTAGTTGAGGTCA-3’
Forward | 5°>-CTCGCTTCGGCAGCACA-3’

Reverse | 5>-AACGCTTCACGAATTTGCGT-3’
Forward | 5’-CTGCAGGACGCAGAAGCTAAGG-3’
Reverse | Provided in the kit

Forward | 5°-TATGATCTTCCTGAAAGACAA-3’
Reverse | Provided in the kit

Forward | 5’>-TTCATGAGTATGAGGATCGGAA-3’
Reverse | Provided in the kit

Mouse Gapdh

[9[¢

Ldlr releaser 1

Ldlr releaser 2

Ctrl releaser 1




Ctrl releaser 2

Forward | 5>-TGCAGCTCCTTCAGGGAGTAA-3’

Reverse | Provided in the kit

Nested PCR

External primer of Ldlr

Forward | 5>-CTCCCAGGATGACTTCCGAT-3

Reverse | 5’-CGCAGTGCTCCTCATCTGAC-3’

Internal primer of Ldlr

Forward | 5’-CGACGGGGATGTCGACTGTGTTGA-3’

Reverse | 5’-TCGGCCCTGGCAGTTCTGTG-3’

Table. S3 Sequences of plasmids

Plasma

Sequence

CD9-MCP

ATGCCGGTCAAAGGAGGTAGCAAGTGCATCAAA
TACCTGCTCTTCGGATTTAACTTCATCTTCTGGCT
CGCTGGCATTGCAGTGCTTGCTATTGGACTATGG
CTCCGATTCGACTCTCAGACCAAGAGCATCTTCG
AGCAAGAGAATAACCATTCCAGTTTCTACACAG
GAGTGTACATTCTGATTGGAGCCGGGGCCCTCAT
GATGCTGGTTGGTTTCCTGGGCTGCTGTGGAGCT
GTACAAGAGTCCCAGTGCATGCTGGGATTGTTCT
TCGGGTTCCTCTTGGTGATATTCGCCATTGAGAT
AGCCGCCGCCGTCTGGGGCTATACCCACAAGGA
TGAGGTGATTAAAGAACTCCAGGAGTTTTACAA
GGACACCTACCAAAAGTTACGGAGCAAGGATGA
ACCCCAGCGGGAAACACTCAAAGCCATCCATAT
GGCGTTGGACTGCTGTGGCATAGCTGGTCCTTTG
GAGCAGTTTATCTCGGACACCTGCCCCAAGAAA
CAGCTTTTGGAAAGTTTCCAGGTTAAGCCCTGCC
CTGAAGCCATCAGTGAGGTCTTCAACAACAAGT
TCCACATCATTGGAGCAGTGGGTATCGGCATCG
CCGTGGTGATGATCTTCGGCATGATCTTCAGCAT
GATCCTGTGCTGCGCCATCCGCAGGAGCCGAGA
AATGGTCATGGCTTCAAACTTTACTCAGTTCGTG
CTCGTGGACAATGGTGGGACAGGGGATGTGACA
GTGGCTCCTTCTAATTTCGCTAATGGGGTGGCAG
AGTGGATCAGCTCCAACTCACGGAGCCAGGCCT
ACAAGGTGACATGCAGCGTCAGGCAGTCTAGTG
CCCAGAAGAGAAAGTATACCATCAAGGTGGAGG
TCCCCAAAGTGGCTACCCAGACAGTGGGCGGAG
TCGAACTGCCTGTCGCCGCTTGGAGGTCCTACCT
GAACATGGAGCTCACTATCCCAATTTTCGCTACC
AATTCTGACTGTGAACTCATCGTGAAGGCAATG
CAGGGGCTCCTCAAAGACGGTAATCCTATCCCTT
CCGCCATCGCCGCTAACTCAGGTATCTACTAG

Ldlr

ATGAGCACCGCGGATCTGATGCGTCGCTGGGTC

ATCGCCCTGCTCCTGGCTGCTGCCGGAGTTGCAG
CAGAAGACTCATGCAGCAGGAACGAGTTCCAGT
GTAGAGACGGAAAATGCATCGCTAGCAAGTGGG




TGTGCGATGGCAGCCCCGAGTGCCCGGATGGCT
CCGATGAGTCCCCAGAGACATGCATGTCTGTCA
CCTGTCAGTCCAATCAATTCAGCTGTGGAGGCCG
TGTCAGCCGATGCATTCCTGACTCCTGGAGATGT
GATGGACAGGTAGACTGTGAAAATGACTCAGAC
GAACAAGGCTGTCCCCCCAAGACGTGCTCCCAG
GATGACTTCCGATGCCAGGATGGCAAGTGCATC
TCCCCGCAGTTTGTGTGTGATGGAGACCGAGATT
GCCTAGATGGCTCTGATGAGGCCCACTGCCAGG
CCACCACTTGTGGCCCCGCCCACTTCCGCTGCAA
CTCATCCATATGCATCCCCAGTCTTTGGGCCTGC
GACGGGGATGTCGACTGTGTTGACGGCTCCGAT
GAGTGGCCACAGAACTGCCAGGGCCGAGACACG
GCCTCCAAAGGCGTTAGCAGCCCCTGCTCCTCCC
TGGAGTTCCACTGTGGTAGCAGTGAGTGTATCCA
TCGCAGCTGGGTCTGTGACGGCGAGGCAGACTG
CAAGGACAAGTCAGATGAGGAGCACTGCGCGGT
GGCCACCTGCCGACCTGATGAATTCCAGTGTGC
AGATGGCTCCTGCATTCACGGTAGCCGCCAGTGT
GACCGTGAACATGACTGCAAGGACATGAGCGAC
GAGCTCGGCTGCGTCAATGTGACACAGTGTGAT
GGCCCCAACAAGTTCAAGTGTCACAGTGGGGAG
TGCATCAGCTTGGACAAGGTGTGCGACTCCGCC
CGCGACTGCCAGGACTGGTCGGATGAGCCCATC
AAGGAGTGCAAGACCAACGAGTGTTTGGACAAC
AATGGTGGCTGTTCCCACATCTGCAAGGACCTCA
AGATTGGCTCTGAGTGCCTGTGTCCCAGCGGCTT
CCGGTTGGTGGACCTCCACAGGTGTGAAGATAT
TGACGAGTGTCAGGAGCCAGACACCTGCAGCCA
GCTCTGTGTGAACCTGGAAGGCAGCTACAAGTG
TGAGTGCCAGGCCGGCTTCCACATGGACCCACA
CACCAGGGTCTGCAAGGCTGTGGGCTCCATAGG
CTATCTGCTCTTCACCAACCGCCACGAGGTCCGG
AAGATGACCCTGGACCGCAGCGAGTACACCAGT
CTGCTCCCCAACCTGAAGAATGTGGTGGCTCTCG
ACACGGAGGTGACCAACAATAGAATCTACTGGT
CCGACCTGTCCCAAAAAAAGATCTACAGCGCCC
TGATGGACCAGGCCCCTAACTTGTCCTACGACAC
CATCATCAGTGAGGACCTGCATGCCCCTGACGG
GCTGGCGGTAGACTGGATCCACCGCAACATCTA
CTGGACAGATTCAGTCCCAGGCAGCGTATCTGT
GGCTGACACCAAGGGCGTAAAGAGGAGGACACT
GTTCCAAGAGGCAGGGTCCAGACCCAGAGCCAT
CGTAGTGGACCCTGTGCATGGCTTCATGTACTGG
ACAGATTGGGGAACACCCGCCAAGATCAAGAAA
GGGGGTTTGAATGGTGTGGACATCCACTCACTG




GTGACCGAAAACATCCAGTGGCCAAATGGCATC
ACACTAGATCTTTCCAGTGGCCGTCTCTATTGGG
TTGATTCCAAACTCCACTCTATCTCCAGCATCGA
TGTCAATGGGGGCAATCGGAAAACCATTTTGGA
GGATGAGAACCGGCTGGCCCACCCCTTCTCCTTG
GCCATCTATGAGGACAAAGTGTATTGGACAGAT
GTCATAAACGAAGCCATTTTCAGTGCCAATCGA
CTCACGGGTTCAGATGTGAATTTGGTGGCTGAA
AACCTCTTGTCCCCGGAGGACATTGTCCTGTTCC
ACAAGGTCACACAGCCTAGAGAAGTCGACACTG
TACTGACCACCCAGGGGACATCCGCCGTCCGGC
CTGTGGTCACCGCATCAGCTACCAGGCCACCGA
AGCACAGTGAGGATCTCTCAGCTCCCAGTACTCC
TAGGCAGCCTGTGGACACCCCAGGGCTCAGCAC
AGTGGCGTCAGTGACAGTGTCCCACCAAGTCCA
GGGTGACATGGCTGGCAGAGGGAATGAGGAGC
AGCCACATGGTATGAGGTTCCTGTCCATCTTCTT
CCCTATTGCACTGGTTGCCCTCCTTGTCCTTGGG
GCCGTCCTGCTGTGGAGGAACTGGCGGCTGAAG
AACATCAACAGCATAAACTTTGACAACCCAGTC
TACCAGAAGACCACAGAGGACGAGCTCCACATT
TGCCGAAGCCAGGATGGCTATACCTACCCCTCA
AGACAGATGGTCAGCCTGGAGGACGATGTGGCA
TGA

LdIr-mS2

ATGAGCACCGCGGATCTGATGCGTCGCTGGGTC
ATCGCCCTGCTCCTGGCTGCTGCCGGAGTTGCAG
CAGAAGACTCATGCAGCAGGAACGAGTTCCAGT
GTAGAGACGGAAAATGCATCGCTAGCAAGTGGG
TGTGCGATGGCAGCCCCGAGTGCCCGGATGGCT
CCGATGAGTCCCCAGAGACATGCATGTCTGTCA
CCTGTCAGTCCAATCAATTCAGCTGTGGAGGCCG
TGTCAGCCGATGCATTCCTGACTCCTGGAGATGT
GATGGACAGGTAGACTGTGAAAATGACTCAGAC
GAACAAGGCTGTCCCCCCAAGACGTGCTCCCAG
GATGACTTCCGATGCCAGGATGGCAAGTGCATC
TCCCCGCAGTTTGTGTGTGATGGAGACCGAGATT
GCCTAGATGGCTCTGATGAGGCCCACTGCCAGG
CCACCACTTGTGGCCCCGCCCACTTCCGCTGCAA
CTCATCCATATGCATCCCCAGTCTTTGGGCCTGC
GACGGGGATGTCGACTGTGTTGACGGCTCCGAT
GAGTGGCCACAGAACTGCCAGGGCCGAGACACG
GCCTCCAAAGGCGTTAGCAGCCCCTGCTCCTCCC
TGGAGTTCCACTGTGGTAGCAGTGAGTGTATCCA
TCGCAGCTGGGTCTGTGACGGCGAGGCAGACTG
CAAGGACAAGTCAGATGAGGAGCACTGCGCGGT
GGCCACCTGCCGACCTGATGAATTCCAGTGTGC




AGATGGCTCCTGCATTCACGGTAGCCGCCAGTGT
GACCGTGAACATGACTGCAAGGACATGAGCGAC
GAGCTCGGCTGCGTCAATGTGACACAGTGTGAT
GGCCCCAACAAGTTCAAGTGTCACAGTGGGGAG
TGCATCAGCTTGGACAAGGTGTGCGACTCCGCC
CGCGACTGCCAGGACTGGTCGGATGAGCCCATC
AAGGAGTGCAAGACCAACGAGTGTTTGGACAAC
AATGGTGGCTGTTCCCACATCTGCAAGGACCTCA
AGATTGGCTCTGAGTGCCTGTGTCCCAGCGGCTT
CCGGTTGGTGGACCTCCACAGGTGTGAAGATAT
TGACGAGTGTCAGGAGCCAGACACCTGCAGCCA
GCTCTGTGTGAACCTGGAAGGCAGCTACAAGTG
TGAGTGCCAGGCCGGCTTCCACATGGACCCACA
CACCAGGGTCTGCAAGGCTGTGGGCTCCATAGG
CTATCTGCTCTTCACCAACCGCCACGAGGTCCGG
AAGATGACCCTGGACCGCAGCGAGTACACCAGT
CTGCTCCCCAACCTGAAGAATGTGGTGGCTCTCG
ACACGGAGGTGACCAACAATAGAATCTACTGGT
CCGACCTGTCCCAAAAAAAGATCTACAGCGCCC
TGATGGACCAGGCCCCTAACTTGTCCTACGACAC
CATCATCAGTGAGGACCTGCATGCCCCTGACGG
GCTGGCGGTAGACTGGATCCACCGCAACATCTA
CTGGACAGATTCAGTCCCAGGCAGCGTATCTGT
GGCTGACACCAAGGGCGTAAAGAGGAGGACACT
GTTCCAAGAGGCAGGGTCCAGACCCAGAGCCAT
CGTAGTGGACCCTGTGCATGGCTTCATGTACTGG
ACAGATTGGGGAACACCCGCCAAGATCAAGAAA
GGGGGTTTGAATGGTGTGGACATCCACTCACTG
GTGACCGAAAACATCCAGTGGCCAAATGGCATC
ACACTAGATCTTTCCAGTGGCCGTCTCTATTGGG
TTGATTCCAAACTCCACTCTATCTCCAGCATCGA
TGTCAATGGGGGCAATCGGAAAACCATTTTGGA
GGATGAGAACCGGCTGGCCCACCCCTTCTCCTTG
GCCATCTATGAGGACAAAGTGTATTGGACAGAT
GTCATAAACGAAGCCATTTTCAGTGCCAATCGA
CTCACGGGTTCAGATGTGAATTTGGTGGCTGAA
AACCTCTTGTCCCCGGAGGACATTGTCCTGTTCC
ACAAGGTCACACAGCCTAGAGAAGTCGACACTG
TACTGACCACCCAGGGGACATCCGCCGTCCGGC
CTGTGGTCACCGCATCAGCTACCAGGCCACCGA
AGCACAGTGAGGATCTCTCAGCTCCCAGTACTCC
TAGGCAGCCTGTGGACACCCCAGGGCTCAGCAC
AGTGGCGTCAGTGACAGTGTCCCACCAAGTCCA
GGGTGACATGGCTGGCAGAGGGAATGAGGAGC
AGCCACATGGTATGAGGTTCCTGTCCATCTTCTT
CCCTATTGCACTGGTTGCCCTCCTTGTCCTTGGG




GCCGTCCTGCTGTGGAGGAACTGGCGGCTGAAG
AACATCAACAGCATAAACTTTGACAACCCAGTC
TACCAGAAGACCACAGAGGACGAGCTCCACATT
TGCCGAAGCCAGGATGGCTATACCTACCCCTCA
AGACAGATGGTCAGCCTGGAGGACGATGTGGCA
TGAGGTGCCCGCTTCCACTCCCCACCCCGATATC
CGCAGCTAGGCCAACATGAGGATCACCCATGTC
TGCAGGGCCTAGCGGTGCCCGCTTCCACTCCCCA
CCCCGATATCCGCAGCTAGGCCAACATGAGGAT
CACCCATGTCTGCAGGGCCTAGCGGTGCCCGCTT
CCACTCCCCACCCCGATATCCGCAGCTAGGCCA
ACATGAGGATCACCCATGTCTGCAGGGCCTAGC
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Figure S1. Design of Ldlr aptamer and Ldlr releaser: Ldlr aptamer with 23 bases
pairing with Ldlr mRNA near its initiation codon. The pairing bases of Ld/r aptamer
are denoted by red. Ldlr releaser contained 22 and 18 bases pairing with Ldlr aptamer

respectively. The pairing bases of Ldlr aptamer are denoted by yellow.
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Figure S2. qPCR analysis of Ct value of GAPDH in EVs: About 100 ug EVs,
collected from cells without transfection (EVN"), transfected with Ldlr-expressing
vector (EVOHIN - co-transfected with Ldlr-MS2 expressing vector and CD9-MCP
vector (EVEMS2) " or co-transfected with Ldlr-expressing vector, Ldlr aptamer,
CD9-MCP vector (EVE¥") were used for RNA isolation, followed by qPCR analysis
of GAPDH abundance. Data are presented as mean+SEM of 3 independent



experiments. *, P<0.05 by One-way-ANOVA.
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Figure S3. Construction of EVZ¥~M52 and EV loading efficiency of Ldlr mRNA: (A)
Cloning of Ldlr-MS2-expressing vector. (B) Schematic illustration of Ldlr-MS2
encapsulated into engineered CD9-MCP EVs. Ldlr-MS2-expressing and CD9-MCP-
expressing vectors were simultaneously transfected into HEK293T cells. Ldir
mRNA linked with MS2 stem loops was expressed by Ldlr-MS2-expressing vector
and then enriched into CD9-MCP-engineered EVs through the interaction of MS2-
MCP. (C) gPCR analysis of Ldlr mRNA in HEK293T cells treated as indicated. (D)



Western blot analysis of LDLR protein in HEK293 cells treated as indicated.
Representative data of 3 independent experiments. (E) Quantification of Western
blot bands by densitometry. (F) qPCR analysis of Ldlr mRNA in HEK293T cells

derived EVs as indicated. Data are presented as mean+SEM of 3 independent

experiments. *, P<0.05 by t-test. ns, no significance.
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Figure S4. Construction and characterization of EVZdr releaser: (A) Schematic



illustration of Exo’drleaser nreparation and isolation (B) Representative TEM images
of indicated exosomes. Scale bar=100 nm (C) Size distribution of indicated
exosomes (D) Western blot analysis of the inclusive exosome markers TSG101,
CD63, and the exclusive marker GM130. Representative data of 3 independent
experiments. (E) qPCR analysis of Ctrl releaser in HEK293T cells treated as
indicated and derived EVs. U6 served as an internal control. (F) gPCR analysis of
Ldlr releaser in both HEK293T cells and derived exosomes treated as indicated. U6
served as an internal control. ND, not determined as Ct value greater than 38. Data

are presented as mean+SEM of 3 independent experiments.
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Figure S5. LDLR expression in AML12 cells co-cultured with increasing amounts
of EVErMS2: (A) Western blot analysis of LDLR protein expression in AML12 cells
co-cultured with increasing amount of EVZ¥~MS2 a5 indicated. Representative data
of 3 independent experiments. (B) Quantification of Western blot bands by
densitometry. Data are presented as meantSEM of 3 independent experiments.

*P<0.05 by one-way ANOVA. ns, no significance.
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Figure S6. Competitive binding of Ld/r releaser with Ldlr aptamer: (A) Schematic
illustration of Ldlr mRNA in Exo®®" released by AMLI12 cells transfected with Ldlr
releaser and incubated with EVX¥", Ldlr releaser competitively binds to Ldlr aptamer
resulting in Ldlr mRNA release into the cytosol, which is translated into protein. (B)
Western blot analysis of LDLR protein expression in AML12 cells after transfection
with different doses of Ldlr releaser via lipofectamine or EV, followed by incubation
with 10 pg Exo®®". (C) Western blot analysis of LDLR protein expression in AML12
cells after co-culturing with EVrelese/EVLdr or ExoldMS2 a9 indicated. GAPDH

served as the loading control. Representative data of 3 independent experiments.



Ldir mutation strategy

—— Delete

Leu Trp Ala Cys Asp Gly Ser Lys Gly Val Ser
5...GTT TGG GCIC TGC GAC GGG... TCC AAA GG‘C GTT AGC CC...% Wild-type allele

498 82 bases 579
v ¥

5..GTTTGG G_P‘@FGG-GAG-GGG—'FG&AMGGE)Q TTAGCAGCC C...3 Mutated allele

Leu Trp  Ala Frameshift mutation —>Leu Ala_Ala

Location of nested PCR primers
Deleted sequence

External forward primer Internal forward primer

¥ A AT COPRT S GO OO AP OGRRTGTERATTETCTTONG

3'...GCACGAGGGTCCTACTGAAGGCTACG...CGGACGCTGCCCCTACAGCTGACACAACTG

GGCTCCGATGAGTGGCCACAGAACTGCCAGGGCCGAGACACGGCCTCCAAAGGCGT...AA
AR AR RN RN R

CCGAGGCTACTCACCGGTGTCTTGACGGTCCCGGCTCTGTGCCGGAGGTTTCCGCA...TT
Internal reverse primer

GTCAGATGAGGAGCACTG‘C(IBIG'II'IA,?‘Cl%. 23

CAGTGTACTCCTCGTGACGCCATTC. ..
External reverse primer
Figure S7. Hlustration of Ldlr gene deletion strategy and primer design: (A) Ldlr
gene deletion strategy. In the knockout mice, an 82 bp sequence was deleted,
resulting in a frameshift. (B) Schematic representation of the location of primers

for nested PCR and qPCR.
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Figure S8. Body weights of mice with different treatments. No significant

differences in body weights were observed. Data are presented as mean+SEM, n=6.

No significant difference was detected by two-way ANOVA.



