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Abstract

The aims of the this study is to investigate the roles of angiotensin converting enzyme
Il-angiotensin 1-7 (ACE2-Ang 1-7) axis in the disease process of heart and understand the
regulatory mechanism of ace2 gene expression in cardiac cell and tissue. We have analyzed
the promoter activity of human ace2 using luciferase report assay to identify regulatory
elements of ace2 gene. In addition, we also revealed the relationship with ACE2, MMP-2 and
heart remodeling in cardiac fibroblasts utilized the technology of lentivirus and shRNA.

The major results of this study are: (1) angiotensin Il (Ang I1)/AT1R and Ang 1-7/Mas
signal pathways were via ERK-MAPK signal pathway to regulate ACE2 expression,
respectively; (2) the sequences of 5’-ATTTGGA-3’ within -516/-481 domain of the ace2
promoter could regulate ACE2 expression and this sequences was the binding site of the
transcription factor-lIkaros; (3) Ang Il regulated ACE2 expression through AT1R to activate
ERK-MAPK signal pathway to stimulate the -516/+20 domain within the ace2 promoter; (4)
the ace2 promoter activity was not significant effect in HCFs treated with TGF-1 and TNF-q;
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(5) in HCFs, ACE2 overexpression enhanced MMP-2 activity, but Ang II/AT1R and Ang
1-7/Mas signal pathways were decreased MMP-2 activity.

The results in this study reveal the ACE2 regulation of angiotensin peptides and the
association of ACE2 with the pathological heart remodeling. In addition, we already introduce
the ACE2 KO mice from MMRRC and try to established ACE2 overexpression mice. These
achievements were advantageous in ACE2 research development in future.

Keywords: angiotensin-converting enzyme Il, angiotensin 11, angiotensin 1-7, heart disease
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3.1ANG Il $H4 3w 8 imos 2. ACE2 4 Tirfl 38

A KE e R 2w (human cardiac fibroblasts; HCFs) 12 7 ek & Ang I g2 (s o
v 1 p) ¥ HCFs p ACE2 s mRNA % & g ¥ Ang Il B2 # £ SR 4e g B3 ent
<4 (Fig.1A)° &2 1uM sh Ang Il &g * » ACE2 5o mRNA £ & 3% 2 = & o gt eb
ACE2 7 mRNA 3 4 & &7 Ang Il B2 chpk £ 2R3 & AP B (Fig.1B) -

- 43 0 B F AR §fo ATIR 2 ERK-MAPK 2 [ e 4 > 1% & — [en g
-Valsartan (Val; AT1R z_#r#4]#] ) 2 PD98059 ( MEK z_ #r#|#] ) r#r4] Ang Il = e
L @A T o HCFs 5 £ 12 1 uM ¢ Val 2 10 uM =7 PD98059 A2 i £ £ Ang Il & /7 &
B B5 BT o Val g gd2 7 2 grd] Ang ll 554 ATIR B 5 ¥ ACE2 mRNA £ & &1
@2 F2 8 ¥ PD98059 i adR s K L3RR 2 B % (Fig.2A)°“fﬁ“7 eh o SN
Western blot #5233 Ang Il 8258 ACE2 % miupFr 3 ERK-MAPK 2t & @ ifpe s » + 2 2 I E %
it (Fig.2B) - &2 ACE2 mRNA # 3i.2_ % % 4p 17 » HCFs 22 Ang Il k18 > it %léi‘ﬁmffé
i ACE2 ~ p-MEK1/2 2 p-ERK1/2 % 3-v "~ & % 3R (Fig. 2C~2E) - % iz 12 Val &
PD98059 ¢ g2 {6 £ 22 Ang Il & P > £ F] Ang Il §1gc#734 4r <7 ACE2 ~ p-MEK1/2
% p-ERK1/2 % }n ;"fsgmﬁt:}m# » #Ra H b * Val & PD98059 fAa® HCFs %t F it & +
i R ¥ 3 B4 (Fig. 2C~2E) -

g e A > N HCFs p ACE2 she 2 2 IRE 747 F » HCFs 12
Ang Il §cs » 2 ACE2 e (2 A I F M AT eisi4e > @ S H{ 4 D ACE2 ¥ %k £ T ¢
F] Val e g2 m Frd) (Fig. 3A) e gt ok » f 5 fmPe § k4 & en % ¥2 2 % RT-PCR %
Western blot #7{8 3| e % 4p iz (Fig. 3B) - 2+ % k-1 Ang Il 7 5t .54 ATIR & it
T 52, ERK-MAPK 2 4 @ 4 3 ¥ 48 8 ACE2 2 4 L& -

3.2ANg 1-7 # 4 f w2 ACE2 4 Berf 3

AT P %f;:‘f?f Ang 1-7 #_% %t HCFs :h ACE2 4 37 #7§: %8 2 1 uM s Ang 1-7
4 HCFs i€ 7 & i » % % 7% HCFs 'm®¢ P ACE2 2z MRNA % 3% 4 MB35} K ¥
# 4 (Fig.4) - ¢+ ¢ » 4% AT779 (Mas receptor 2 #r4|#] ) it {7 75 A2 L 1 Ang 1-7 {1
# HCFs # 1 Ang 1-7 2.5 4 Mas receptor 3# ¥ ACE2 2- £ T (Fig. 4)o ot 7 Sk 5 % 18—
WG R e F kR d T Y WIlpk L B (Fig.5) 0 M B% T Ang
1-7 &% 4 Mas receptor 3% 37 ACE2 22 mRNA 2 3-v F 4 3R o

ie— # 11 A779 2 PD98059 #£34 Ang 1-7/ERK-MAPK/ACE2 *+ HCFs 2 B i+ » &
% BT Ang 1-7 ¢ 75 1 p-ERK1/2 2 39 § 437 AT79 2 PDI80S9 t7f Al ¥ | 1
%2 &4 (Fig. 6A) . st #h » HCFs 11 ATIR fr 4 Val i& (735 AJ2 5 4 ¢ #4] Ang
1-7 ﬂ;;f ACE2 4 3.2 %% (Fig.6B)> &7 Ang1-7 # 2’54 ATIR # 4> ACE2 2 4 1>

3



& d Mas receptor % it p-ERK1/2 123 = ACE2 2. # & -
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AN e g vh o S R k)7 PR R 2 573 ace2 A FlEkds + ch DNA £ R
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-474/+20 ~ -355/+20 ~ -253/+20 % -161/+20 % > izat ?v‘?“* A 3 HCFs » 3511353 7
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A7 9 ace2 f Flehd o ] -2069/+20 {48 5 1 W > £ HE-516/-481 A AA R F ¥
r’v’ﬁ“o‘?f' (Fig.8A) » # #-2_» w4 T HCFs o % % & 77 -516/-481 & 7| # “fl&i’ﬁ Ew e
3% ace2 A Fleads 3 & ehp BT *2(Fig. 8B ) % F 5’x4 ace2 # Flekds F +1-516 £ -481
Bz g -7 xtghface2 AFAMNE & KA o

3.4ace2 & Flgak + T3 chE & =R A

LR B #F 55 ace2 A FlExd + i1-516 ¥1-481 B A2 5 - ¥ < g R 8 ace2
AFZRDER B HF - HAPTELTE 3 FITEETF]F g £ 30t ace2 A F]
frde + e0-516/-481 R 72 fF o 1% FE TFSEARCH & v 4t > B A R 38 P 2
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e o T AT H ETE G E N o R kS SR B-ATTTGGA-3 F 7l d 4.8 5 ace2 A 7]
2He- REERI] > A A HERRFAFERRERI] ) F g R F A F T
(Fig.9B)
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3.5ANg Il ¥ ace2 # Flenik BT

LA 7 B Ang Il € 1 HCFs e 2 2 ACE2 2 mRNA 2 39 B & IR i
Ppob % AT} E 3F ace2 A FlEa#s + e0-516/-481 B 7|2 Ang Il ¥t ace2 A Flendk L
a8 F 7 B o 5-516/+20 % -481/-516/+20 * % ?‘ g 4 o HCFs» 2 %12 % )k & 59 Ang
11 (0-01-12 10uM) 2 @] T H luciferase /&1 o % % &g - 5-516/+20 48 #
% e HCFs 12 Ang Il 13508 + & ¥ 3 4 B luciferase /&% » @ 12-481/-516/+20 §* 48 # %
#7HCFs B % 17 Ang Il i HCFs ¢ d ace2 s ¥l 5 -516/+20 & 7|#% B ACE2
Z 3 (Fig. 11A) - p+ #F > 12 Val & PD98059 ¢ ed@ v #r#1] Ang Il {17 = 2_ luciferase
AR B (Fig. 11B) - + #4752 %87 - Ang Il € ©d ATIR &2 8 7 % MEK 3351
ikl je ace2 s Flgeds + 5-516/+20 A S B 44 ACE2 £ 3 ¥ ¢h 5 7 %44 ace2 &
F15’:4 ¢ -516/-481 R A Wk R EE & B I > Vi A w0 TGF-B1 f- TNF-a
fed® e i 4.-516/+20 £ Iﬁ:i‘ FeHCFs » & 4 47 H ace2 fxd 3 FM o F R ES AT o
TGF-B1 v TNF-a &2 %> H ace2 A Flieh + F b7 2 g 258 o

3.6 ACE2 i§ £ 4 & #r4| ¥ HCFs 2. 85 5

2 Lentivirus # 3 7H iR A F12 ShRNA 2 — # L2 5 2 Pt - v 82 4
B P4 e & St 2 B PR K 0 4 ) BedE i ACE2 B £ T2 e
3 HCFs 2 258 o 277 3 3 A pCMV-hACE2 A Fl# 7 § 1 1 48 4 °% < B imie i
H9c2 # » ‘g ipld % % Fa3a pPCMV-hACE2 # 4 2. HIc2 ‘m?e 7 »* mRNA ~ v 7 2 f¥ %
LR s £ ACE2 2 IRie > £t g s F S pVBI-TLC-ACE2 11 4 2 high
titer lentivirus TLC-ACE?2 -

HCFs 12 # f multiplicity of infection( MOI )z_ TLC-ACE2 i& {7 g % 4 ¥ ¥ p| 2 ACE2
2 MMP-2 E1  fpi>t AR %2 HCFs» 2 1-5-~10 2 20 MOI g 4 2. HCFs # ACE2
S s w8 2078151 %2 292 & (Fig. 12A) > MMP-2 /544 %Wl 5 1.6~18~18 %
1.2 2 (Fig. 12B )yt % % %1 ACE2 2 iE & £ 31 ¢ "% MOI chde B @ 52 #& 8 - MMP-2
AR g B TR YE -

~
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it ACE2 & £ I » 247 1 » 14 ShRNA 4533 ACE2 #r 4%+ HCFs 2. 82 58
3 % p ¢ &7 = National RNAI Core Facility Platform 51:& ACE2 sShRNA
(TRCN0000046693 - TRCN0000046697 ) = % # = = # ACE2-shRNA/lentivirus - HCFs ¢
pF 12 TLC-ACE2 2 ACE2 shRNA (TRCN0000046693 - TRCN0000046697 )*+ 5 MOI & {7
B 4o Ap st 0 TLC-ACE2 g 4 2. HCFs» 11 #46693 % #46697 + g 4 2. HCFs # ACE2
Bk A BT M T 3%~ 7%~25%-~17%% 5% & -+ TRCNO0000046697 & 5 # i# 2. ACE2
gl et ob 1% TLC-ACE2 2 TRCN0000046697 £ & 4 » 7§ TLC-ACE2 g % HCFs
“Tig &2 MMP-2 2423 8 £d +* ACE2 B & £ MATHR o

- H4FIT ACE2 B & £ I MMP-2 &1 % 2 4p B 12> HCFs % TLC-ACE2 2 5
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MOI g % 74 @ 5| ACE2 #6 £ # 2. HCFS/ACE2 » #-* HCFS/ACE2 4 %12 Val 2 A779
FERILSE ~ %02 Ang L 2 Ang 1-7 it ¥ Rl H MMP-2 75444 7 - & % 37 ACE2
WHEEREHD HCFs 22 MMP-2 =44 >Ang Il 2 Ang 1-7 ¢ "% i1 ACE2 i & # Th¥7id &
2 MMP-2 ;& 42> @ Val 2 A779 3¢ AJ2 ¢ #4] Ang Il 2 Ang 1-7 % HCFS/ACE2 # MMP-2
AR P (Fig 13)- p %% £ 57 ACE2 % £ ¢ & & MMP-2 75124 8 > Ang Il
% Ang 1-7 # wj—* @d ATIR 2 Mas ' X MMP-2 /&% 4 3 -

3.7ACE2 & 717 'ﬁ‘T ) &

" ¥R 3 2. ACE2 KO mice 3 B6;129S5-Ace2tml1lex/Mmced (MMRRC:31665) »
p# K MMRRC /] 84k 51 ACE2 KO mice» & £ 2 R RF S b4 ¢
7t A Flak FnElo d Y ACE2 A %15 2 4 %8 X-linked 2. % > %] ACE2 KO mice
?/w\:aii &Fz2 28 (hemi)> 2 &+ (homo) & £ &+ (hetero) e B £ = 48 »
f&d genotyping % %] % & ¥ & 7 = 5 ACE2 KO mice °

- #F 3 ACE2 KO mice # w %ge 2. ACE2 2 MMP-2 £ ;£ - wild-type
hetero ~ homo % hemi mice 4 %423 o0 o SR SR (7 i FH P 15 Po2 Fvi T
A ‘?aj 12 real time PCR~western blot 2 ACE?2 activity & {7+ ACE2 % ILip| 2 % % & -+ ACE2
2. mRNA # 3 (Fig. 14A)~ 3% F 4 31 (Fig. 14B) # &4+ 4 3 (Fig. 15A) ** % | ACE2
KO mice @& #7ip|t¥ 2. ACE2 2 ILE ¥ & 5 40 IF 8% > 4p >t WT mice - hetero mice 2
ACE2 4 1€ %" < 50% > m homo % hemi mice 2 ACE2 £ L& 4% 1 90% - ¥ *} »
MMP-2 7= 4] = & 1 > ¥ WT mice 4p+* > hetero ~ homo %2 hemi mice 2 MMP-2 & £ 4
WERET 1SR ~18 B2 17 & Bt Blu s Y ACE2 #r) gﬁﬂﬂ MMP-2
&1 (Fig. 15B) -

38ACE2:i& & 2% &

d 3SR T EF%’ ACE2 overexpression mice » *F 3 ifi&fﬁi pCMV-hACE2 # #)i#
78 ? BT ALY X Bl R e dR HOC2 ¢ SRR R % mr il pCMV-hACE?2 ## 4 2. H9c2
wre 7 > mRNA (Fig. 16A) L (Flg. 16B) % 2% %1 (Fig. 16C) BIEEE 2
ACE2 %3 >» £33 5 *&ﬂ%ﬁ%ﬁpf P 327 ACE2 € 2 R EFE2Z

=
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BASF e e Gt e ORI ACE2 chA R e AT R 4 I AT Bep

SRR e BRI 5 £ s ACE2 MRNA > e & 72 ip] 1 ACE2 2 % i 2o
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Fig. 1. Expression of ACE2 mRNA in Ang Il-treated human cardiac fibroblast (HCF) cells. Treatment with
Ang Il produced a dose-dependent (A) and time-dependent (B) effect on ACE2 mRNA expression. ACE2
expression was normalized against GAPDH, and relative mRNA expression of ACE2 was calculated using the
control group as 100%. Values are expressed as mean = SD (n = 3). *, p < 0.05 vs. control; **, p < 0.01 vs.
control.
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Fig. 2. Role of the ERK-MAPK signaling pathway of AT1R in Ang Il-mediated ACE2 upregulation. The
effect of Ang 1l on ACE2 mRNA expression was determined in HCF cells pretreated with the AT1R blocker Val
and the MEK1/2 inhibitor PD98059 to confirm the ACE2 expression being associated with Ang Il treatment (A).
The protein expression of phosphorylated MEK1/2 (p-MEK1/2), phosphorylated ERK1/2 (p-ERK1/2) and ACE2
was examined by western blotting (B). p-MEK1/2 (C), p-ERK1/2 (D) and ACE2 (E) expression was normalized
using GAPDH expression, and the relative expression of p-MEK1/2, p-ERK1/2 and ACE2 was calculated using
the control group as 100%. Values are expressed as mean = SD (n = 3). *, p < 0.05 vs. control; **, p < 0.01 vs.
control; T, p <0.05 vs. Ang Il treatment; $, p < 0.01 vs. Ang Il treatment.
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Fig. 3. Distribution and expression of ACE2 in Ang Il-treated HCF cells. HCF cells grown on a coverslip
were treated with Ang Il with and without prior treatment with the AT1R inhibitor Val for 24 h. Treated cells
were washed, fixed, and immunostained for ACE2 (green), and nuclei were counterstained with DAPI (blue).
The localization of ACE2 protein was visualized by confocal microscopy (A) and the relative ACE2 fluorescence
intensity was calculated using the control group as 100% (B). Values are expressed as mean = SD (n = 3). **, p <
0.01 vs. control; $, p < 0.01 vs. Ang Il treatment. (For interpretation of the references to color in this figure
legend, the reader is referred to the web version of the article.)
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Fig. 4. Expression of ACE2 in HCF cells following Ang 1-7 treatment. The effect of Ang 1-7 on ACE2
mRNA and protein expression was examined by RT-PCR (A) and western blotting (B), respectively.

Upregulation of ACE2 was further confirmed using cells pretreated with the Ang 1-7 Mas receptor blocker A779.
ACE2 expression was normalized using GAPDH expression, and the relative expression of ACE2 mRNA was
calculated using the control group as 100%. Values are expressed as mean + SD (n = 3). *, p < 0.05 vs. control;
** p <0.01 vs. control; T, p <0.05 vs. Ang 17 treatment; ¥, p < 0.01 vs. Ang 17 treatment.
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Fig. 5. Distribution and expression of ACE2 in HCF cells treated with Ang 1-7. HCF cells grown on a
coverslip were treated with Ang 1-7 with or without prior treatment with the Mas receptor blocker A779 for 24 h.
Treated cells were washed, fixed, and immunostained for ACE2 (green), and nuclei were counterstained with
DAPI (blue). The localization of the ACE2 protein was visualized by confocal microscopy (A) and the relative
ACE?2 fluorescence intensity was calculated using the control group as 100% (B). Values are expressed as mean

£ SD (n=3). *, p<0.05vs. control; t, p <0.05 vs. Ang 1-7 treatment. (For interpretation of the references to
color in this figure legend, the reader is referred to the web version of the article.)
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Fig. 6. Effect of blocking the AT1R-mediated signaling pathway on Ang 1-7-affected p-ERK1/2 and ACE2
protein expression in HCF cells. (A) Relative p-ERK1/2 protein expression was determined by western blotting
in HCF cells treated with Ang 1-7 alone or following pretreatment with the Ang 1-7 Mas receptor blocker A779
or the MEK1/2 inhibitor PD98059. Expression of p-ERK1/2 was normalized using GAPDH expression, and the
relative expression of p-ERK1/2 was calculated using the control group as 100%. (B) HCF cells were treated
with Ang 1-7 with or without prior treatment with the AT1R blocker Val for 24 h. The extracted protein of the
cells was analyzed by western blotting. ACE2 expression was normalized using GAPDH expression, and the
relative expression of ACE2 was calculated using the control group as 100%. Values are expressed as mean + SD
(n=3).* p<0.05vs. control; t, p <0.05 vs. Ang 1-7 treatment.
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Fig. 7. Promoter activity of the constructs with a series of deleted 5’-flanking region of ace2 gene to drive
reporter luciferase expression in HCFs. (A) The diagram indicated the different fragments of 5'-flanking
region of human ace2 gene were fused to the firefly luciferase cDNA in the vector of pGL3-Basic. The position
of the promoter fragments relative to transcription start site (+1) was indicated. (B) These constructs with ace2
regulatory region were transfected into HCFs and the luciferase activities were measured 24 h after DNA
transfection. Data were presented as relative fold changes of luciferase activity to the pGL3-Basic vector. The
diagram integrates the results of three independent experiments and all values are expressed as the mean + S.D..
** indicates p < 0.01 compared with the -2069/+20 construct.
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Fig. 8. Analyses of the promoter activity of deleted and reversed -516/-481 domain within the 5’-flanking
region of ace2 gene. (A) Schematic representation of -516/-481 deleted (-2069~-516/-481~+20) and reversed
domain (-2069~-481/-516~+20) within the -2069/+20 construct. (B) HCFs were transfected with the indicated
reporter gene constructs. The cells were lysed 24 h after transfection, and luciferase activities were determined.
Data are presented as relative expression of luciferase activity to the (-2069/+20) construct. The diagram
integrates the results of three independent experiments. Histograms of all values are expressed as the mean +
S.D.. ** indicates p < 0.01 compared with the -2069/+20 construct.
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Fig. 9. Sequences identification of the regulatory element within -516/-481 domain. Sequences, -516/-481,
was analyzed for binding element(s) using database TFSEARCH and the sequences of “5’-ATTTGGA-3" was
identified as a potential binding element. (A) According to the 5’-ATTTGGA-3 sequences, the constructs with
mutant sequences were made by PCR site-directed mutagenesis and mutant sequences were shown in underline
blue letters. Seven mutant sequences were designed and the relative element binding score was calculated
according to the score in TFSEARCH of -516/-418 domain as 100. (B) HCFs were transfected with the indicated
reporter gene constructs. The cells were lysed 24 h after transfection, and luciferase activities were determined.
Data are presented as relative expression of luciferase activity to the (-516/+20) construct. Histograms of all

values are expressed as the mean + S.D..
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Fig. 10. Mobility shift electrophoresis of the double-stranded oligonucleotides encompassing the -516/-481
domain and its derived sequences. Electrophoretic mobility shift assays with the nuclear extracts from HCFs
were performed. The binding complexes were separated on 6% non-denaturing polyacrylamide gels. (A) HCF
extract, nuclear extracts from HCFs; anti-lkaros antibody, the antibody for Ikaros; labeled (-516/-481), the
labeled -516/-481 oligonucleotides only; unlabeled (-516/-481); a 66-fold molar excess of unlabeled -516/-481
oligonucleotides. (B) probe, labeled -516/-481 oligonucleotides only; (-516/-481), labeled -516/-481
oligonucleotides mixed with nuclear extracts from HCFs; M1(-516/-481)~ M7(-516/-481), labeled M1~M7
mutant oligonucleotides (M1~M7 mutant sequences shown in Fig. 3A) mixed with nuclear extracts from HCFs.
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Fig. 11. Effect of Ang Il stimulation on the ACE2 expression in HCFs. (A) In the experiments of ace2
promoter activity affected by Ang Il treatment, HCFs were transfected with the -516/+20 and -481/-516/+20
(reversed -516/-481 sequences) constructs and then treated with 0, 0.1, 1 and 10 uM of Ang Il. The transfected
HCFs were lysed after Ang Il treatment for 24 h, the report luciferase activities were determined. Data are
presented as relative expression of luciferase activity in the HCFs without Ang 11 treatment. The diagram
integrates results of three independent experiments. (B) The signaling pathway of Ang Il-induced ACE2
expression in HCFs was also investigated. HCFs were transfected with the -516/+20 construct, and the cells
pre-treated with 1 pg/mL of Valsartan (AT1R inhibitor) or PD98059 (MEK inhibitor) for 1 h and then treated
with 1 pg/mL of Ang Il. The HCFs were lysed after the Ang Il treatments for 24 h, the report luciferase activities
were determined. Data are presented as relative expression of luciferase activity to the treatment without
Valsartan or PD98059 co-treatment. ** indicates p < 0.01 as compared with the group without Ang Il treatment;
t indicates p < 0.05 as compared with the group with Ang Il treatment.
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Fig. 12. ACE2 and MMP-2 activity of the HCFs infected with ACE2 lentivirus. HCFs infected with ACE2
lentivirus, TLC-ACE2, at 1, 5, 10 and 20 MOI to obtain HCFs/ACE?2 cells. The cells were lysed 24 h after
infection at different MOI and the ACE2 (A) and MMP-2 (B) activity assay were measured, respectively. ACE2
activity was determined by the ability to cleave the fluorescent substrate at 37°C for 1 h with a specific ACE2
inhibitor. All values are expressed as the mean + SD from three independent experiments; * and ** indicate p <
0.05 and p < 0.01, respectively, compared to the non-infected HCFs.
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Fig. 13. MMP-2 activities of the HCFs/ACE2 cells treated with Ang Il and Ang 1-7. HCFs/ACE2 cells
pre-treated with 1 puM of valsartan (AT1R inhibitor) and A779 (Mas receptor inhibitor) for 1 h, and then treated
with 1 uM of Ang II and Ang 1-7, respectively. HCFs/ACE2 cells also co-infected with TRCN-46697 at 5 MOI
and treated with Ang 1l and Ang 1-7. The cells were lysed 24 h after Ang Il and Ang 1-7 treated and then carried
out the MMP-2 activity assay. All values are expressed as the mean + SD from three independent experiments; *
and ** indicate p < 0.05 and p < 0.01, respectively, compared to the non-treated HCFs/ACE2 cells.
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Fig. 14. The ACE2 expression of ACE2 knockout mice. Wild type and ACE2 knockout mice
(B6;12955-Ace2™"*Mmcd; hetero, hemi and homo) were sacrificed and the protein extract of hearts was
prepared by homogenizer. The ACE2 expression of heart extract was detected by real-time RT-PCR (A) and
western blot (B). ACE2 expression was normalized using by GAPDH expression, and the relative expression of
ACE2 was calculated using the control group as 100%. All values are expressed as the mean + SD from three
independent experiments; * and ** indicate p < 0.05 and p < 0.01, respectively, compared to the wild type mice.
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Fig. 15. The ACE2 and MMP-2 activity of ACE2 knockout mice. Wild type and ACE2 knockout mice
(B6;12955-Ace2™*Mmcd; hetero, hemi and homo) were sacrificed and the protein extract of heart was
prepared by homogenizer. The ACE2 (A) and MMP-2 (B) activity of the heart extracts were detected by
fluorescence ACE2 activity assay and gelatin zymography assay, respectively. ACE2 activity of medium was
detected by the ability to cleave the fluorescent substrate at 37°C for 1 h with a specific ACE2 inhibitor. All
values are expressed as the mean = SD from three independent experiments; * and ** indicate p < 0.05 and p <
0.01, respectively, compared to the wild type mice.
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Fig. 16. Transfection and expression of human ACE2 in rat neonatal cardiomyocytes H9c2. H9c2 cells were
transfected with CMV-ACE?2 construct and analyses for gene expression were performed after DNA transfection
for 48 h. (A) RT-PCR for the gene expression of exogenic human ACE2, endogenous rat ACE2, and rat GAPDH
were detected. (B) Western blot detection was performed for the protein expression of human ACE2. We want to
note the antibody also cross react with rat ACE2 protein significantly due to sequence homology. (C) The ACE2
enzymatic activity of transfected cells was shown. The results show that the functional ACE2 protein was
synthesized in the cardiac cells.
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