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Abstract: The aim of this study is to gain a clear understanding of the expression distribution of
ACE 2 through both in vivo and in vitro experiments and also to study ACE 2’s anti-injury effect
in dairy cow mastitis induced by long-term high concentrate feeding. In vitro, mammary tissues
samples from the lactating Holstein cows and Mac-T cells were used. The mRNA and protein ex-
pression of ACE 2 in bovine mammary gland was determined using RT-PCR and Western blot-
ting. The location of ACE 2 protein in Mac-T cell was determined using immune fluorescence
method. In vivo, 6 healthy lactating Holstein cows were divided into 2 groups: normal feeding

group (40% concentrate, dry matter basis) and high concentrate feeding group (60% concen-
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trate). After 20 weeks’ feeding, mammary biopsy samples and milk samples were collected.
Milk LPS content, somatic cell number, as well as some inflammatory indicators including NA-
Gase, AKP and MPO were tested. Histopathological test was also performed. The mRNA ex-
pression level of ACE 2, ACE and their receptors AT 1 and MasR in mammary tissues were ana-
lysed using RT-qPCR. The contents of Angll and Angl-7 were also determined using ELISA.
The results showed that both mRNA and protein expression of ACE 2 were found in dairy cow
mammary gland, ACE 2 was located in the cytoplasm and on the membrane of the Mac-T cell.
With a long-term high concentrate feeding, somatic cell number and LLPS content in milk signifi-
cantly increased (P<C0. 01); the activities of NAGase and AKP were significantly higher than
those in the control group (P<C0.05), MPO activity had no significant differences between the 2
groups; mammary gland tissues in the high concentrate group cows found inflammatory injury
changes. The mRNA expression level of ACE, ACE 2, AT 1, MasR increased, and the mRNA
ratio of ACE 2/ACE was higher than the control group. Angl-7 content was significantly higher
in breast tissue (P<Z0.05), Angll content was significantly lower ( P<C0. 05). Conclusion: It is
the first time that the presence of ACE 2 in bovine mammary gland has been confirmed. When
mammary inflammatory injuries are induced by long-tern high concentrate feeding, the local RAS
in mammary is activated, ratio of ACE/ACE 2 varies and the ACE 2-Angl-7-MasR pathway takes
the dominat position, that is to say that the anti-injury effect of ACE 2 becomes significant. ACE
2 helps to protect the mammary from inflammatory injuries by degrading Ang Il to Angl-7.
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Table 1 Parameters of primer pairs for ACE2 and f-actin genes
N ¥ 51 %5 5149741 (5'-3") FEHIR N/ bp
Gene Accession No. Sequence Product size
ACE 2 NM_001024502 F.CCCTTCAGCATAGCGG 202
R.CCTTCCCAAGCCCAGAG
Bactin AF122902 F:CCCTGTGCTGCTCACCGA 175
R:ACAGTGTGGGTGACCCCGTC
PL Bactin YE N Fr 2 R, PCR F=¥)7E 2% EB 1.2.3 ACE 2 % A (1) 40 i = 2 Mac-T 4 fif]

e € 1) TR R R IS b UK . UG A B K B 4y BT AE
GelDoc-Tt BEfE UL R 58 LT,
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WYk 1.5 ho PVDF JBEEED, 590 B Ig 09 8 £1 0. 4
CTHEE —PL(1 = 300 MR & e G = iR T —
L1 #5000 M ke) . BERERLG R G M IF 40 IR

REFTE 10% B4 Mg ) DMEM 1,37 °C,5%
CO, ¥rFrAa s 98 . 20 M 7 5 Ak S e 90 T
A7, ZMF.]. Warner %% 95 1,12 FLE 20
AT, AN Z BB ERBE,0.5% TritonX-100
FEE S, — P L FESL R ACE 2 (1 : 100
B ZHi i PR 1gG (1 500 A5 i B, 100
ng » mL~" DAPT Qe & 3 L ot R A
TR MR R
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Table 2 Diet formulation and nutrient levels %

Xf R 21 R R

Tt H Ttem Control group High concentrate
(4:6) group(6 ¢ 4)

J5URE

Ingredient

Tk FH I Corn silage 30. 00 20. 00

H 1 Alfalfa 30. 00 20.00

E 2k Corn 24. 30 32.00

#k |2 Bran 0. 00 12.40

5k Soybean 13.50 13. 00

ik BR 245 Dicalcium 0. 85 0. 45

114} Powder 0.00 0. 80

B Salt 0. 35 0. 35

IR #l Premix 1. 00 1. 00

3t Total 100. 00 100. 00

BrEE/(MJ » kg7')NE 6. 36 6.71

MR R CP 16. 99 16. 92

ML EE 3.93 4.07

Pk Uk i 47 4 NDF 36. 54 31.45

R PE R 47 4 ADF 22.51 17.56

ﬁfiéﬁ‘fﬁtﬁl)ﬁk{{%% 33.76 39.32

45 Ca 0.88 0.89

P 0.43 0.43
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J5 R b T GA R N AR v
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1.3.3.5.1 B RNA R M HEF.F1.2.2.1,
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JF8I KSR 3.
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JE A ANCCESIT B G it . BAR RN 5295 °C
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FEAH 30 s, 40 NI, Bactin:95 CHIAPE 1 min,
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JIT A5 808 3295k F SPSS16. 0 Ge i 41 4 k47 4e it
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2 & B

2.1 f&K5MKLE

2.1.1 ACE 2 2 [ W94l g = 5 for BOLHE R R
SGRWE 1, mE 1 EW.7E MACT 40t b f
ACE 2 43« 40 Ml 2 0 78 L R b Bz 200 iy 5 e
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Table 3 Parameters of primer pairs for target and fractin genes
B 7515 J¥ 51 (5'-3") 7K/ bp
Gene Accession No. Sequence Size

F:CATTTCGTTGTCATTCCAT

ACE 2 NM-001024502. 4 158
R: TTGAGCCCTTGTTTACCT
F:CTTGATGTTACCGATGTTATGG
ACE NM-001206668. 1 ) 197
R: TCTTTCCTGTTGTAGAAGTCCC
F: TATGTAATTGTGCCTTCC
AT 1 NM-174233. 2 106
R:AGACTGACTAACCCAAGAG
F:GGTGGATGATGTTCTTATTTG
MasR NM-001192450. 1 166
R:AACCAGAGGATGCCGTAG
F.GTGTTGGCGTAGAGGT
B-actin AY141970. 1 158

R:AGGTCATCACCATCGG

A 41K ;B ACE 2;C. 40 HfiA% + ACE 2
A. Cell nucleus;B. ACE 2;C. Cell nucleus + ACE 2

1 ACE 2 74308 F 40/ (MAC-T 41 ) B9 E fiL 200 X

Fig.1 Location of ACE 2 in MAC-T cells 200 X

2.1.2 FAMALH ACE 2 mRNA Fik iy & 2
A, ACE 2 PCR 7=#1} 202 bp, HL 3K TE 100~250
bp B H W 470 w9 4 FLIR A 7 ACE 2
FEHAETE

bp

<— 250

1.2. Bactin 3 3. ACE 2 ; 4. DNA 437 Jit & b5
1,2. Bactin; 3. ACE 2; 4. DNA marker

B 2 ACE 2 PCR =¥ ik

Fig.2 The electrophorogram of ACE 2 PCR product

2.1.3 HFFIEHLAH ACE 2 Western blotting £
bl MK 3 o~ . fE 120 ku &b 0] 2L L 3
ACE 2 EH R M FRE KA. 5 mRNA 45 52
¥

ACE2 4 & u-«." 120 ku

GAPDH ) 0 e e o 8 .

B3 43IRAL ACE2EAKRIE
Fig.3 The protein expression of ACE 2 in bovine mamma-
ry tissue
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2.2. 1 FLrb A M KAy I e 4 i B 1 A 3L
w1 20 B — B TE (20~30) )7 » mL ' YR &
PESCAE IS PR A0 B — AR 50 7+ mLt
ZEARANPE 4 7R U R R O 3L b A
WO P R R AR FUIR T BB RAE R .

2.2.2 FLAFLIRAR B RIEEIRA LA K D
kSR MR 2L 528 FL b NAGase AKP §5 1 ¥ 5
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SIEH O AL B .+ R 22 5 B3 (P<0. 05)

* means significant difference compared with normal con-
trol group(P<C0. 05)

B4 FIREABBETL(n=3)

Fig. 4 Somatic cells number changes in milk (n=3)

x4 ARIABAREREFHUNEL R (n=3)

TXF R 4L (P<<0. 05; MPO g & ) 76 i % 48 1k s LPS
SENREE FTH(P<<0.01, FLIRAL K R IETE
PRI Z R34 TC i 35 25 ¢ R R BT
2.2.3 ZFLERAZU A5 b ks R A AR 2L
JU TR Y PR RT DL A P A R R . R T S A RN T
(& 5B) . i Xk 4 25 F 3 Wbr (J 5A)

2.2.4 RAS & H ML 1221k

2.2.4.1 FLBRAZIH Angll Angl-7 HF&ME: 5
XPRRAAH L, RS BEA Angl-7 % &8 B E A
((94.1743.37)& (111. 944 1. 39), P<0. 05);
Ang I1 B9 & & Wy 282. 97 £ 14. 92 B EFHFLE
157.82429.13(P<C0.05),

Table 4 The changes of inflammatory indicators in milk and mammary tissue(n=3)

NAGase/ AKP/ MPO
21 5 Group i LPS/ (EU *« mL 1)
(U« gprot ') (LB « gprot ) /(U g™

X} B 4H (3) Control group(milk) 5.15+0.54 8.15+2.87 62.54+3.11 4.6740. 30
R R AL (FL
" , 9.67-0. 35" 9.67+1.52" 65.3142.97  9.2541.02° "
High concentrate group(milk)
X HR A LAY

" 1. 3520, 20 0.2340. 05 2.7640. 63 -
Control group(mammary gland)
=R R AL CRLIS
i ) 1.77+0. 09 0.240. 02 4.00-0. 96 —

High concentrate group(mammary gland)

S5E®WMNBHMI, . P<<0.05, FE. * %.P<0.01

* means very significant difference compared with normal control group (P<C0.05). The same as below. * % . P<C0.01

AL X BB AL B, S AE R A
A. Control group; B. High-concentrate group

E5 M4IBRALHERE 400X

Fig. 5 Hematoxylin and eosin staining of cow mammary gland 400 X

2.2.4.2
mRNA £k A8 b w6 R ) i 4 28 2L 2 41

ACE ,ACE 2 .AT 1.MasR mRNA 3K /K 8

AL AT 1. MasR.ACE . ACE 2

T R R RS R R R4 A FLIR AL U RAS
A F TR (R D) .
2.2.4.3 FLIR4 4% ACE 2/ACE mRNA [f [t
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ToHr AR kTR ACE 2/ACE mRNA HAH
1. 25, & T o0 B2 FUAf 1. 125, 10 A 78 125 0 R 00 4
R ACE 2 Bl i3l S I (R 5.

RS HIBRALSF AT 1, MasR,ACE ACE 2 mRNA R iX

K (n=3)
Table 5 The mRNA expression level of AT 1,MasR, ACE,

ACE 2 in cows mammary gland (n=3)

. X HEH e R RH2E
KA Gene )
Control group High concentrate group
ACE 2 0.54+0.24 1.70+0. 327
ACE 0.48+0.07 1.3640.29"
AT 1 0.58+0.18 1.8840.26"
MasR 0.5440.10 1.68+0.32"
34

3.1 WHFIBRALRF ACE 2 HRIEE

ACE 2 J2 2000 4F K L By ACE By KLl 9, 76
RAS w8 ) I8 55 VE F . AL 3 B 5% 1, ACE
2 el 1t K Ang 11774 Angl-7 R AEHTH 51
Y. H RS A e R Oy T 7E 2 W 5 T
A ORI B0 o AEFL IR T3 1T A8 I 58 A AR 3 A Y
FUMR G S5 5 W A FURAH rp R W AR E . A
Bk RT-PCR J7ikiE] ACE 2 fE3L IR 4140
A mRNA F£ik, gt —F % Western blotting B J7
BEE ACE 2 fE 94 SR ALV h EE B R R0k 45
BRTEFLIRAL T ACE 2 A KL, RIS FL
WAL hfEAE ACE 2 153 M ik, X 15 2005 4F
K. Tybitanclova™ JESZ ACE 2 7 A FLRg 40 48 v 7¢
TEM BT 5T 45 B — 3. ACE 2 & 176 A [ (9 20 2 48
B A AR R e s ACE 2 S F 200 M
FE B /N A R R A i e ) 3 G A A i 3
LD R b R 4t el i h ACE 2 43 fi tE i b %
AU L RRER ) AR AR 3 0 0 S R 9 o T IE 5
ACE 2 S 1E 7L MR b R 240 B i) 240 B 3 AR B 38 A
I3 A
3.2 BREPHCHRRN 4 FLARME R AR A ACE 2
R 1ER

TE o 5 24 1 35 2R T b RO 3 Rl A

2, P AP E R e = HLR R L SERR A PR A R
R R 25 08 35 B HF 5T © 4 E 5 K 0 4 PR v RS R
H R GT 47% £F i bR 2 3 ™ o 1Y) e L 5 2 R R
B BROME L B R SE, 5w FLOIR fa R A 4 05
JERH . FLIR R AR SRR B 5 M 20 I 43 W 1 k2 )
T SO MR L A A ot L R R A 0 VR A
Iy AZLH L ALSE R AR I (SCO) | 14 il A il A1 22 3
FE L oAb, FUIR R R — B Y A 0
B SCC 1) Fh s mid ok . 45 NAGase (431 L 40 iy
WML IR o 2 e 3L B 9% R B B I A DY . MPO
& PMIN {145 2 i, 42040060 M 2% T8 R 48 1 3 2 4 A
Wy AKP ZHLARBE G N2 —, A&
56 v 28 WA L A AU A PR R R R R L S SR R L EL
i NAGase fil AKP {§ 4 FFt, 2L SCC B 3¢ Jm
[vi) B 2L 2 2 3 2 A0 R 0 WL 4% 38 ot v oA R
20 ML P9 A7 A 5 22 I I v R ek IR T O R L I R M
it .

TEA I Hf o DR 48 B 4 W 7% 24 2L B 2 2L 1Y
P340 R B 7 i e T W B B s BB B i i 4L ACE
CWHRPEREE® TE®X A, ACE 2 fE#RH5G
FUH B B B G5 7 T L i 5 SCRRL23-24 J4%
FRF . FEAEE pr s i — 25 0F 52 0 & B0 o A ) ] i
R FLIR A 219 RAS P 4538 i ACE.AT 1,
ACE 2 Fll MasR 3Rik K-35 i F %5 B4, B &0k R
FOPL R 5 1 FUIR 41 215 &6 RAS W 4% 38 % 24 4k T
Wokk A . HE KR4l ACE 2/ACE mRNA H{H
B TFIEW M A, Angl-7 S RWE I LR
T Ak K 10 1] M L R AT K P R MR G L DL ACE 2
JprR i ACE 2-Ang-(1-7)-Mas il 9 301 & 0%,
B ACE2 i iy o4t 45 75 T o L #.

Angll J& ACE $li i 2= ) fiaZ 0, 3oy Ak 5
] DL SO AU LR RS R . {H Angll
J= ACE 2 /) EZEY) . ACE 2 7] 38 23 B fif Angll
A Angl-7 F5450 H X 41 8L B 45 1 AT DATiT S5 B X
HARRIER . 550, 78 RAS 1 ACE2-Ang-(1-
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