SUPPLEMENTAL INFORMATION


Alleviation of preeclampsia-like symptoms through PlGF and eNOS regulation by hypoxia- and NF-κB-responsive miR-214-3p deletion

























Supplementary Table 1. List of qRT-PCR primers
	Genes
	Forward primer sequence
	Reverse primer sequence

	hsa-pre-miR-214
	CTGGACAGAGTTGTCATGTGT
	GTCATTCAGGCTGGGTTGTC

	heNOS
	GTGGCTGTCTGCATGGACCT
	CCACGATGGTGACTTTGGCT

	hPlGF
	GTTCAGCCCATCCTGTGTCT
	TTAGGAGCTGCATGGTGACA

	hGAPDH
	CCACCCATGGCCAAATTCCATGGCA
	TCTAGACGGCAGGTCAGGTCCACC

	mmu-pre-miR-214
	GTCTGCCTGTCTACACTTGC
	CTTTCAATGGCTGGTGGTCA

	meNOS
	AGAGATTGGCATGAGGGACC
	ATTAATTTCCACCGCTGCCT

	mPlGF
	TGAAGGCATGTAGAGGGGAC
	CACTCTGCCTGTGTTCCAGA

	sgRNA
	ATAGGCCTGTACAGCAGGCACAGACG
	AAAACGTCTGTGCCTGCTGTACAGGC

	mGAPDH
	AGCGACCCCTTCATTGAC
	TCCACGACATACTCAGCAC
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Supplementary Fig. 1. Levels of PlGF, HIF-1α, and Dicer in trophoblasts under various experimental conditions. a, b HIF-1α levels were determined in HTR-8/SVneo cells exposed to normoxia or hypoxia for 24 h or transfected with mock or pcDNA3.1-HIF1A for 24 h using western blotting. c PlGF levels were determined in HTR-8/SVneo cells exposed to normoxia or hypoxia after transfection with pcDNA3.1-HIF1A or Dicer siRNA (siDicer) using western blotting. d Dicer levels were determined in HTR-8/SVneo cells transfected with control siRNA or siDicer for 24 h using western blotting. 
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Supplementary Fig. 2. Computational prediction of miR-214-3p targets in PlGF 3′-UTRs of various species. a The computational analysis using the TargetScan algorithm shows three putative complementary binding regions (7177, 111118, and 415421 nt) between human miR-214-3p and human PlGF 3-UTR. hPlGF CDS, coding DNA sequence of human PlGF gene. b Complementary binding nucleotide sequence alignment between human or mouse miR-214-3p (hsa- and mmn-miR-214-3p) and PlGF 3-UTRs of human, non-human primates, mouse, rat, and other species.
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Supplementary Fig. 3. Hypoxia decreases PlGF expression through HIF-1/Twist1-dependent miR-241-3p biogenesis. af HTR-8/SVneo cells (a, b) or BeWo cells (cf) were transfected with siRNA for control (C) or HIF1A (siHIF1A), control miRNA (C), or miR-214-3p mimics (M), followed by exposure to normoxia or hypoxia in the presence or absence of IDF-11774 for 24 h. a, b Levels of pre-miR-214-3p (a) and miR-199a-3p (b) were determined in HTR-8/SVneo cells using qRT-PCR (n = 4). c–f Levels of miR-214-3p (n = 4) (c), PlGF mRNA (n = 5) (d), PlGF protein (n = 4) (e), and secreted PlGF (n = 13) (f) were determined in BeWo cells using qRT-PCR, western blotting, or ELISA. g, h Computational analysis of the putative transcription factor-binding sites, E-box and κB, in the promoter regions of human (g) and mouse miR-199a/214 (Dnm3os) (h). i Schematic plasmid (pGL3) constructs containing WT, truncated, or deleted promoter of human miR-199a/214 (Dnm3os). j HTR-8/SVneo cells were transfected with siRNA for control (C), HIF1A (H), or Twist1 (T), followed by exposure to normoxia or hypoxia for 24 h. Levels of target proteins were determined using western blotting. k Schematic illustration of psiCHECK-2 luciferase constructs containing WT or mutants at site 1 (7177 nt, Mut S1), site 2 (111118 nt, Mut S1), and site 3 (415421 nt, Mut S3) of human PlGF 3-UTR (876 bp). Data are presented as the mean ± SEM. Statistical significance was determined using one-way ANOVA, followed by the Holm–Sidak’s multiple comparisons test. Source data are provided as a Source Data file.
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[bookmark: _GoBack]Supplementary Fig. 4. Hypoxia increases PlGF expression but does not promote miR-214-3p biogenesis in HUVECs and HASMCs. a HUVECs and HASMCs were transfected with the pGL3-PlGF promoter in combination with siRNA for control (C) or Twist1, followed by exposure to normoxia or hypoxia in the presence or absence of IDF-11774 for 24 h. Luciferase reporter activity was determined using an enzyme assay kit (n = 4). bd Both types of vascular cells were treated as in (a) without transfection with the pGL3-PlGF promoter. Levels of PlGF mRNA (n = 4) (b), secreted PlGF (n = 8) (c), and miR-214-3p (n = 4) (d) were determined using qRT-PCR or ELISA. e HUVECs were transfected with psiCHECK-2-WT or mutant PlGF 3-UTRs, control siRNA, Twist siRNA, control miRNA (C), or miR-214-3p mimics (M), followed by exposure to normoxia or hypoxia for 24 h. Luciferase activity was measured using an enzyme assay kit (n = 4). Data are presented as the mean ± SEM. Statistical significance was determined using one-way (ad) or two-way (e) ANOVA, followed by the Holm–Sidak’s multiple comparisons test. ns, not significant. Source data are provided as a Source Data file.
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Supplementary Fig. 5. Hypoxia suppresses trophoblast function through miR-214-3p-dependent PlGF downregulation. a VEGFR1 levels were assessed in HTR-8/SVneo cells transfected with Vegfr1 siRNA using western blotting. b Representative images of the scratch-wound assay on HTR-8/SVneo cells incubated in CH-N, CH-H, or CH-H/I following of transfection with control or Vegfr1 siRNA. c Representative images of the Boyden chamber assay on HTR-8/SVneo cells incubated in CH-N, CH-H, or CH-H/I following of transfection with control or Vegfr1 siRNA. CH-N, CH-H, and CH-H/I were prepared using HTR-8/SVneo cells exposed to normoxia, hypoxia, and hypoxia with an miR-214-3p inhibitor treatment, respectively.
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Supplementary Fig. 6. TNF-α suppresses eNOS expression in endothelial cells by elevating NF-κB-responsive miR-155-5p or miR-214-3p biogenesis in a species-specific manner. a HUVECs and MLVCs were treated with TNF-α or/and Bay 11-7082 (Bay 11), followed by measurement of miR-155-5p levels using qRT-PCR (n = 4). b Computational analysis of putative complementary binding sequences for miR-214-3p and miR-155-5p in eNOS 3-UTRs of various species using the TargetScan algorithm. c, d HUVECs (c) and MLECs (d) were transfected with psiCHECK-2-human or mouse eNOS 3-UTRs as well as control miRNA or an miR-214 or miR-155-5p inhibitor (I), followed by treatment with TNF-α or/and Bay 11-7082. Luciferase activity was determined using an enzyme assay kit (n = 4). eh HUVECs (e) and MLECs (fh) were transfected with control miRNA (C), or human or mouse synthetic miR-155-5p or miR-214 mimic (I), followed by determination of eNOS mRNA and protein levels (e, f), NO production (g), and cGMP synthesis (h) using qRT-PCR, western blotting, DAF-FM-based fluorescence microscopy, or ELISA (n = 4). Data are presented as the mean ± SEM. Statistical significance was determined using one-way ANOVA (a, bh), followed by the Holm–Sidak’s multiple comparisons test. ns, not significant. Source data are provided as a Source Data file.










[image: ]Supplementary Fig. 7. Synthetic miR-214-3p administration increases the sFlt-1/PlGF ratio and induces abnormal glomerular morphology in pregnant mice. Pregnant mice were infused with control miRNA (c-miRNA) or miR-214-3p mimic (miR-214-3p) using an osmotic pump from GD 9.5 to GD 17.0. a Circulating sFlt-1 levels were determined using an ELISA kit (n = 5). b The sFlt-1/PlGF ratio was calculated from the plasma concentrations of each protein (n = 5). c Glomerular diameter was expressed as the average value of five random glomeruli in each renal tissue section (n = 5). d Bowman’s capsule space was calculated by subtracting the glomerular tuft area from the renal corpuscle area (n = 8). Data are presented as the mean ± SEM. Statistical significance was determined using the unpaired two-tailed t-test. ns, not significant. Source data are provided as a Source Data file.
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Supplementary Fig. 8. Generation of miR-214-3p KO mice. a Gene structure of mouse Dnm3 and nucleotide sequence of the PCR-amplified region encompassing the CRISPR target in mouse Dnm3os. Fourteen nucleotides marked in red were deleted using CRISPR-Cas9. MiR-214-F and miR-214-R in blue color indicate the primers used for PCR amplification. b Detection of PCR products (107 bp for WT mice and 93 bp for miR-214-3p KO mice) amplified using genomic DNA from WT and miR-214-3p KO mice. HT, heterozygous. c Sequencing chromatograms of PCR amplicons from WT and miR-214-3p KO mice. The red arrow above the chromatograms indicates the deletion of 14 nucleotides. d Dnm3 levels determined in placental and liver tissues using western blotting. e Representative photographs of WT and miR-214-3p KO mice at 8 weeks of age. f Body weight of newborn and 10-week-old mice (n = 8). Data are presented as the mean ± SEM. Statistical significance was determined using the unpaired two-tailed t-test. ns, not significant. Source data are provided as a Source Data file.
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Supplementary Fig. 9. MiR-214-3p deficiency does not alter pro-inflammatory cytokine levels and rescues eNOS expression in hypoxic pregnant mice. Pregnant WT and miR-214-3p KO mice were exposed to normoxia (N) or hypoxia (H) from GD 9.5 to GD 17.5. a Serum levels of TNF-α, IL-1, and IL-6 were determined using ELISA kits (n = 8). b, c Levels of eNOS mRNA (b) and protein (c) in aortic vessels were determined using qRT-PCR and western blotting, respectively (n = 8). Data are presented as the mean ± SEM. Statistical significance was determined using one-way ANOVA, followed by the Holm–Sidak’s multiple comparisons test. ns, not significant. Source data are provided as a Source Data file.
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Supplementary Fig. 10. MiR-214-3p deficiency improves placental growth and arterial abnormality in hypoxic pregnant mice. a Representative images of placentas from pregnant WT and miR-214-3p KO mice exposed to normoxia or hypoxia from GD 9.5 to GD 17.5 (6–11 fetuses/litter, n = 8 litters). b Quantification of the average placental weight/litter (n = 8 litters). c Magnified images of maternal spiral arteries of the placental bed (n = 8 litters). d The relative density of the decidual spiral arteries in the placental bed was calculated using ImageJ (n = 8 litters). e The average diameter of the spiral arteries was calculated using ImageJ (n = 8 litters). Data are presented as the mean ± SEM. Statistical significance was determined using one-way ANOVA, followed by the Holm–Sidak’s multiple comparisons test. ns, not significant. Source data are provided as a Source Data file.
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Supplementary Fig. 11. MiR-214-3p deficiency improves spiral artery remodeling by trophoblast invasion in hypoxic pregnant mice. Pregnant WT and miR-214-3p KO mice were exposed to normoxia or hypoxia from GD 9.5 to GD 17.5. a Quantification of the cytokeratin (CK)+ trophoblast area to the CD31+ endothelial cell area ratio in spiral arteries from immunohistochemical data shown in Fig. 8 (6–11 fetuses/litter, n = 8 litters). b Quantification of the CK+ trophoblast area to the α-SMA+ smooth muscle cell area ratio in spiral arteries from immunohistochemical data shown in Fig. 8 (n = 8 litters). Data are presented as the mean ± SEM. Statistical significance was determined using one-way ANOVA, followed by the Holm–Sidak’s multiple comparisons test. Source data are provided as a Source Data file.










image4.png
[OHUVECs EHASMCs
P<0.0001 ns

Q

P<0.0001

PIGF promoter Luc
activity (fold)

IDF-11774 - -

¥
+ -
C

1.0

o
o

miR-214-3p (fold)

0.0
Hypoxia - +
IDF-11774 - -
siHIF1A C C

O+ +
¥

b OHUVECs EHASMCs (4 HUVECs HASMCs
ns <

20, Ps0.0006 300 010300'7(” 100
P E b
i k. S S LTS
< T 200 °
g 2 50

£ o

@ 100

& b 25
< 3

! ? 9 o
Hypoxia - + + + Hypoxia - + + + -+ o+ o+
IDF-11774 - - + - IDF11774 - - + - oo -
siHIFIA C C C + siHIFTA C C C + cC C C +

P<0.0001

WPIGF 3-UTRWT

CPIGF 3-UTR Mut S1
WPIGF 3-UTR Mut S2
WPIGF 3-UTR Mut S3

PIGF 3'-UTR-Luc activity @
fold

0.0
Hypoxia
siTwis1

[eXe Nl
OO0+
O+ +
=+ +

miR-214-3p




image5.png
CM-H CM-H/

CM-N

Qo HiOIs LibapIs

© L4493A  ulov-d





image6.png
seed region
mmu-miR-214-3p  3"UGACGGACAGACACGGACGACA-5'
HUVECs MLECs has-miR-214-3p 3'-UGACGGACAGACAC(IB(IS,IA(l)(ISIIA(IZA-E'
0.0Po<04 0.0Po=01 o.oP(fm o.opo<c1 Human eNOS 3-UTR  5-UUUCCCUCUCUAGGCCUGUUGC-3'(6mer)
9 Chimpanzee eNOS 3-UTR  5-UUUCCCUCUCUAGGCCUGUUGC-3'(6mer)

Rhesus eNOS 3-UTR  5-UUUCCCUCUGUAUGCCUGUUGC-3'(6mer)
Mouse eNOS 3-UTR  5-GGUAGUUAGGGCAUCCUGCUGC-3'(7mer-m8)
Rat eNOS 3-UTR  5-UGGUAUUAGGACAUCCUGCUGC-3'(7mer-m8)

mmu-miR-155-5p 3'-UUGGGGAUAGUGUUAAUCGUAAUU-5'
hsa-miR-155-5p 3'—UGGGGAUAGUGCUAALIJ(|X|3L|J/|\/|\L|JU-5'
Human eNOS 3-UTR  5-AGGCUGCAAGGAUUCAGCAUUAU-3'(7mer-m8)

Chimpanzee eNOS 3-UTR  5-AGGCUGCAAGGAUUCAGCAUUAU-3'(7mer-m8)
Rhesus eNOS 3-UTR  5-AGGCUGCAAGGAUUCAGCAUUAU-3' (7Tmer-m8)

miR-155-5p (fold)

Bay 11 - - + - - +

c d e

P< P=
0.0001 0.0015

1.5

o 13 = 3
= 3 (%]
53 5 o g 0o 8 S [ 130
=ne 1.0 ® c< 075 I S
9 = 7] gz Y
ez e} Ex
5% 05 3 T 0% £
c o O -—-—-—
] ® o] < 40
£3 g 2 025 <
T o0 = o 0.00
TINF-a. - + + + TNF-a. - + + + CtrlmiRNA  + - - + - -
Bay 11 - - + Bay11 - - + - hsa-miR-155-5p - M - - M-
miR-155 C C C | miR-214 C C C | hsa-miR-214-3p - - M - - M
f g h
1.25 i 1.5 P= Ps 50
— § 0.0014 0.0405 =
2 S o —1— K
g 100 ;8 mm—— iy ; g 40
> o
2< 075 ] a & 30
iz 32
§UE) 0.50 £ 5 £ 20
15} =
Qo L ——— [}
Z 025 > g 10
0.00 . 0
CtrimiRNA  + - - + - - INF-a. - + + + TNF-a. = + + +
mmu-miR-155-5p - M - - M - Bay 11 - -+ - Bay 11 - -+ -
mmu-miR-214-3p - - M - - M mmumR214-3p C C C | mmumiR214-3p C C C |





image7.png
[ Y]

sFlt-1 (ng/ml)

601
ns
> oR
«‘\\Q§ it
& R s

o

sFIt-1/PIGF ratio (x10%)

1.251
1.00+

o

S
&

R

g

(1]

Glomerular diameter

Q
S

¥y o
= Q,'\N

d
P
) 50 O0.0001
88 401
Q2
28 301
[=h]
§ @ 20
oG 101
D
S
\gs R
@é w\b‘b
o £




image8.png
a b c
miR-214-3p

Intron 14
Dnm3 —HHHEIHHH—FHHHHH— WT TGTACAGCAGGCACAGACAGGCAGTCAC
bp Std WT HT KO KO TGTACAGCAG—————————————— TCAC
Dnm3os 200 A
miR-214-F TG TACAGCAGGC ACAG ACAGGCAGT CAC

5-GTCTGCCTGTCTACACTTGCTGTGCAGAA WT

CATCCGCTCACCTGTACAGCAGGCACAGA
CAGGCAGTCACATGACAACCCAGCCTGAA
TGACCACCAGCCATTGAAAG-3'

W AAVWAWWANAWANIA
TGTACAGCAGTCAC]

KO e
WA AN AN

miR-214-R
d e f
Placenta Liver WT Ko 25 EKV(-)I—
WT KO WT KO S 20
=
Dnm3 [ B B % 100 215
‘ Z 10
>
o
o
. m 5
B-ACHN e e c——_,
0 10 wks





image9.png
Y]

Cytokine level (pg/ml)

40

TNF-a
P<0.0001

COWT EKO
IL-1p
P<0.0001

IL-6
P<0.0001

N H

N H

eNOS mRNA (fold)

20

1.5

OwT EKO
P=0.0003

. pe
o2z 00001

Normoxia Hypoxia

(2]

eNOS protein (fold)

2.0

1.5

OwT EKO

P=0.0001

p= P
0.0053 0.0001

Normoxia Hypoxia




image10.png
o
3
o " ]
M 3 = =
IS b 8
LS g els 2
a a " =}
e h £
[m} S
z
r — T 1 r r T T T 1
o w0 o wn o o o o o o o
N - «- o o 34 S v O !
o o o o o (%) A
(6) yybrom fusuap dm_‘_mtm (wr) Asope eads
o leyuaoeld abelony O _m.haw m>;.m_mm @ Jo Jsjowelp abesany
[e]
4
@
~
w
©
=
[=}
o
>
T
-
=
o
4
@
~
w
S
x
o
€
£
(=}
=z
-
E
ejusoe|d




image11.png
CK*/CD31* ratio

invessels

OwT EKO
P<0.0001

Normoxia  Hypoxia

(=3

CK*/0-SMA* ratio

invessels

OwT EKO
P<0.0001

P= P<
0.0310 0.0001

Normoxia Hypoxia




image1.png
HIF-1a

Hypoxia
HIF1A
siDicer

PIGF

HIF-1a.





image2.png
ry Figures-2.pdf - Ad
EHEE E7V) BW) ESTH)
=7 5. Supplemenmtary... X ® a

®O® 1 ABDO® =K P BILLD
a b seed region : %
71-77 111-118 415-421 hsa-miR-214-3p  3'-UGACGGACAGACACGGACGACA-5' N
5 site 1Hsite 2}{Site 3 mmu-miR-214-3p  3-UGACGGACAGACACGGACGACA-5'

NAREER
Human (57) 5-ACUCUUCAGUGACUCCUGCUGGU-3'

Chimpanzee (57) 5-ACUCUUCAGUGACUCCUGCUGGU-3'
Rhesus (58) 5'-CACUCUCAGUGACUCCUGCUGGU-3'
Cow (61) 5-UUCUCAGUUACCUCCCUGCUGGU-3'

Dog (55) 5-CACUCAGUUACCUCCCUGCUGAG-3'

Mouse (74) 5-CUCUCAGAACCCUCCCUGCUGGU-3'

Rat (74) 5-CUCUCAGAACCCUCCCUGCUGGU-3'

seed region
hsa-miR-214-3p: 3'-CACGGACGACA-5'
NEREEN
Site 2! 5-UUCCCUGCUGA-3'
(NN

Site 3: 5-GAUCCUGCUGG-3'

Site 1

> B O

Chimpanzee (97) 5-UAGCCGACUGUUUCCCUGCUGAA-3'
Rhesus (98) 5-UAGCCAACUGUUUCCCUGCUGAA-3'
Cow (101) 5-UAGCCAAUUGUAUCCCUGCUGAA-3'

Dog (95) 5-UAGCCAAUUGUAUCCCUGCUGAA-3'
Mouse (113) 5'-UUAGCCGACUCGUCCCUGCUGAA-3'

Rat (113) 5-UUAGCCAACUCGUCCCUGCUGAA-3'

Human (401) 5-GUAGGGAUGCGGAUCCUGCUGGG-3'
Chimpanzee (401) 5-GUAGGGAUGCGGAUCCUGCUGGG-3'
Rhesus (317) 5-GGAAAGAAGGGGGCCCUGCUGCG-3'

|: Human (97) 5-UAGCCAACUGUUUCCCUGCUGAA-3'





image3.png
a b c d
HIF-1a - -100 39 pe pe 207 oboo1 0562 151 p= p=  p=
B-ACtin |mm———— ) 5 0.0001 0.0001 . — - 0.0002 0.0011 0.0003
P<  P< S kel 2
0.0001 0.0001 = 2 © 1.5 e
(% 2097 —oy — % e = 1.0
S _ 15 S 210 Z
23 10 " 2 § Eos
S 1 ! \ .
e z 205 &
& 05 £ £ Q
a
0.0 9] 0.0 0.0
Hypoxia - + + + Hypoxia - + + + Hypoxia - + + + Hypoxia - + + +
IDF-11774 - - + - IDF-11774 - - + - IDF-11774 - - + - IDF-11774 - - + +
siHIFIA C C C + siHIFIA C C C + siHFIA C C C + siHIFIAC C C M
e f
Human Dnm3 Exon14 Exon15
PIGF M v w15 12009 o L, , -
. € 0.0001 0.0001 0.0001 5 3
B-Actin e ——— 0 > —_— Intron 14
o
c 1-51 05501 0.5605 0.6005 W Dnm3os —
E 1.0 2 g 5I/| [l 1 ] = 3
o5 o -2.286 -450 -118 +38  miR-199a miR-214
g @
we g K ® E-box * B
g 8 -412 CAAATG -2220 GGGGAACTCA
0.0 2} -290 CAGTTG +44 GGAAATCACA
Hypoxia - + + + Hypoxia - + + + -213 CAGTTG +93 GGGGAAAGCT
IDF-11774 - -+ o+ IDF-11774 - - + + -155 CATCTG +129 AGGCTTTTCC
siHIFI A C C C M siHFIA C C C M +23 CAAATG
h i j
Mouse Dnm3 Exon14 Exon15 Human Dnm3os promoter-Luc constructs ~ Hypoxia -+ + +
s 3 SRNA C C H T
Intron 14 -2286 +164 HIF-1 -130
‘ PP ; : - -L Aa —_ —_
Dnm3os — ue
— -
5 3 X -25
1917 miR-199a miR-214 415 Luc Twist! S
® E-box * B
244 CAGTTG -1608 AGCATTCCCC ,415_._._._._1:’ PIGF w - -
-186 CATCTG -538 GGGGAGCCCC +38"
-6 CAAATG +14 GGAAATCACA i
+121 AGGATTTTCC 18 T B-Actin 40

7-77
5'4 hPIGFCLC Site 1

miR-214-3p 3'—ACACGI?IE\$?;IR?A-5'

WT 5'-GACUCCUGCUGG-3'
Mutant (MutS1) 5'-GACUCCAAAUGG-3'

Site 1:

111-118 415-421

Site2 g Site 3 g}

miR-214-3p 3'—ACACGI?;;\??;;\?A—5'

Site 2: WT 5-UUUCCCUGCUGA-3'
Mutant (MutS2) 5'-UUUCCCAAAUGA-3'

miR-214-3p 3'—ACACGI?;;\??/|-\?A—5'
Site 3: WT 5-GGAUCCUGCUGG-3'

Mutant (MutS3) 5'-GGAUCCAAAUGG-3'




