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A Preliminary Study on the Role of klf2a in Atherosclerosis

TANG Dandan, LI Huicong, ZHANG Ruilin*
(School of Basic Medical Sciences, Wuhan University, Wuhan 430071, China)

Abstract  AS (atherosclerosis) is the common pathological basis of many cardiovascular diseases that seri-
ously endanger human life. The pathogenesis of AS is complex and has not yet been fully elucidated. Recently, the
relationship between hemodynamics and the development of AS has attracted researchers’ attention. Since KLF2 is
a key mechanosensitive factor that transmits hemodynamic changes, in this study the role of homologue gene klf2a
in AS is explored using zebrafish, a new excellent animal model for lipid and metabolic research. A zebrafish AS
model was first established by feeding a HCD (high cholesterol diet). Next the total cholesterol level, total triglycer-
ide level, and Oil red O staining in wild-type and klf2a”~ mutant zebrafish were compared, which revealed that k/f2a
deficiency exacerbated the severity of AS. The levels of oxidative stress, inflammatory factor expression and Notch
receptor expression were also examined, and the results indicated that klf2a”~ mutant zebrafish might aggravate AS
by regulating Notch signaling pathway and inflammatory factor expression. This study lays a good foundation for
further exploring the mechanism how Klf2a affects AS.

Keywords atherosclerosis; zebrafish; k/f2a; inflammatory factor; Notch signaling

o ML 5 A — 2 7™ B A T N AR A i R 1 AR EE G B PTRRAE B0 ik I B T S B, 3 1l 3 ik
PR, BAE KRR, BORE. TR UK WA, BEAE MR TR T A0, PR mT Re 2, iR o
JiE 22 S50 05, T B ik FE A 4L (atherosclerosis, AS) & ¥ 00 338 N MLV R AE, S RGO, A4 KR
VE 2200 I8 2 0 1) 3 [ 3 3 2 FE AR ASHRRAIE PO I A (1) R A

WeHi H 1 2022-05-02 FeZ HI: 2022-05-14

8 5 AU R TR (i 5 2018 YFA0801000) %5 B 1 PR

*EHIEE . Tel: 13916763446, E-mail: zhangruilin@whu.edu.cn

Received: May 2, 2022 Accepted: May 14, 2022

This work was supported by the National Key R&D Program of China (Grant No.2018YFA0801000)
*Corresponding author. Tel: +86-13916763446, E-mail: zhangruilin@whu.edu.cn



1286

BRI

ASRHHZ R ILFEER BIE R, HARRILEIE
%, HETMARS e 8. B AT B SOE
B AH 7 N B D R R RS LA I 3 7 27450,
Horr fimish /15 ASH R AR KR SZ 2 AT TR DGER T,
15 AR FEFA AN BROAASEEL (1) S A7) S 00 #8 R, ASTEER
FFAEBENLIY I AT AE SN IKEE |, TR S T 25
th B4 SURMIREY R X35, anE5hhk ;5 FEMLEEE R
e BY N7 XA N AR D R BRI T e IR, i
Fo R I I S R ] LA AN [ PR BY 2 g, AT
TR AR A . KLF202 H A 38 — AN R B AL
PREBURR A e s PR 1

KLF2 /285 ¥ 3 51 Kriippel-like factorZjif
(R 51 o "B AE e BY ) XA W0, T AE AR BY . )
X Al H0 . LE R BT R ) X e, KLF23@#id 5 AS
AH G T PR Y R 1A Sk K #E H T ASHI R EH . KLF2
I ASTRIPAH G 7, W — A B A i (eNOS)
IS 1715 2 H (thrombomodulin)Zs , 3+ T 1L AS
DRl FHAH DA 5 I8 %, I 40 B 3 Bt 20 1 (vascu-
lar cell adhesion molecule 1, VCAMI). H1Z% 40
f£. 55 1 1(monocyte chemoattractant protein 1, MCP1)
FINF-kBAE 5 18 % 5504, U 4ok A B FL R B,
DL B o R 245 At VT 2 245 W e 8 W0 L N B 48 P vh
KLF2[{3e1%, Kt — 4| ASHEH ()T pe PR,
KLF21E y AS 245 W) (1 78 £ 48 53, T 78 H X6 AS ) 52
HAERE X

B I £ 4 4 i s AU A 7T Hh R B AR AR A,
/NI — 2 5 SRR, e, ST
HE DR JAR IR A T i mT LA ok v JH [ B AR 15 5
e L [T I L S AS B A0S HLIR, BT £ 4
A YA BRI — A H IEIPIRES, (8 TE 1k
FGMEE . Ak, B 8 S0 R AR P PR R
3% AR AR Rl AT TR FH B 5 1 SR AR 5T [
VRFE Rk 2a Xt ASH 2] o 38 v JIH ] e R £ R
AR klf2a™ RAZARBE St f5 , LU H BT (total
cholesterol, TC)F1H i = Fi(triglycerides, TG)7KF- LA A
THZLO(OIl red O)4s i L K H Wrkif2ath 2k 6F ASHI 52
Wi o AR S A AR ALK L SRE A7 RN oteh 32 44
RIEAKPHICR FEKIR2a52 M0 AS ] g S5 A o

1 MR5RAE
1.1
PEI 0 B A R L RABL L[N R Te(flk: GFP)

FkIf2a™"FAZARIGE I £ 35) Pl AR S0 AR A7 . R 3K
0 E EAER AR A BR A R, HEEE. BCA
HEWREN AR &N B L ZREEREERA
Al ; TRIzoA . 9% 6 M [E % & 484 CholEsteryl
BODIPY™ 542/563 C11J%4 [ 35 [E Thermo FisherA #;
18 AR AW H H A TaKaRa/A 7] ; PBS. ddH,OM
HATAY TREEERDARAR, =& F 5. 7+
Pl ToK k. 1,2-7 B0 [ [ 25 4 F AL 2,
FA PR A T IO AR ARG 3 fe B 8 22
Sigma\ 7] ; MDA & iR &0 B _FiEE = RAEYH
ARAT PR 23 w5 ek JIE ] Al s ) s H i = )
& SODI & G & H e mt E AR A FR 4%
YN/

1.2 75

121 sLé HREEBKERA ZHESKEG
days-post-fertilization, 5 dpf)[1) B 5 £ %)) f1 LL502% A
— 2, BEAL 2 55 B HE (control ) ZH A v H [ B X &
(high cholesterol diet, HCD)41, MEF£10K . FFHEK
MR IR, FERMERT.S mgEEEH BN T 4% (wiw)
JIEL [ 2 1) A R AR, 10K S5 EAT AR R A HE ARl 7
122 ®RAMEEEHRYE RABRKFER K
MEFR10K 1) Tg(flk: GFP) %)) 1. F — K [H|(tricaine) bk [
Ja, FHT%AC AR RU35 06 H ] 8 76 B R I A 7
Leicalfolt 3 58 48 1 4ol 58 38 B 4 21 B8 i Jik 1L 7 1) Z-
Stack FI1%, SR 5 H Fl Leica 7 BA% 20 B 5044 5o AH
HHE AT I 023 A

123 mEgmiaofe  WELENH DM, PBS
IRV fa FH4% PFA I [E € 1 hald °Cid . £25%.
50%-. 75%-. 100% 175 —F% (PBSFi R )AL FE 5, 4
B T etk i R BRI IRE
75%- 50%- 25% TA —EE(PBSHR)ALFE, H il R 17,
NS T E G

1.2.4 XM2EE(TC). i =B8(TG)ABCA% &%
ane CHMEFFI0ORIIB S m g myIRSEa— R
Je, FRA30 R HER PRI E &, PL14(mg/ul)ItL
BN APBSHBEZI S, 5 000 r/min .05 min, B _75E
HRHER ) B it B 5 0 5 e R s A o = . K b
TEIE MRS, ABCATEIE MEEA S &,

12.5 AZBA(MDA). #FHBALBEESOD)ME
M IR 10K 1 BE 15 £ 4y £ 42 55 2030 8 o4 1 PR 26 24
OB, $%1:9(mg/ulL) R EL B I &) A R R ST 3R,
5 000 r/min0>5 min, HX_E 3 AR 4 15 &0 A 5k
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AT AR LA o

12.6 mRNA%kiA  HB0REMEIFIORMIBE L %)
1, TRIZolVEFAT U RNASEEL, DA% 57 SLdh AT
WG, [ S 9% 0t e B PCRAS I 2[R ik /K F,
2 22 S mRNA A X R TA &

127 #Egit A EdE R HSPSS 20084
TG 220 i, DAIEERR 22 (vts) R, WY 4L 204
2 [8]4d ] Student’s-#4G 56, P24 BL_ {8 H One-Way
ANOVAZ T, FJatfie giit 2 E & M. *P<0.05,
#%P<(0.01, ***P<0.001.

2 #R
2.1 BN &ESpKREFEEIRE

Z I SRR E LE FE AR IS 4% A [ B g
g e 8 HY R AT P B Ot ASHRE AT By DL FRATT DL 2R
TR ot I (control) VAL AR T 4% IH [FH B 1Y) R
TR S v E [ B AR & (HCD) R, X328 )5 SR
(5dph) B 1 0 2t BEAT 10 R MR FR AL BE . 3R
SR T Te(fik: GFP)e 1 [R5 3 T S M A idd
M, (RIS FRATTAE DR rhas i 7 H ] B 1 2 AR B
¥IBODIPY-Cholesterol(10 pg/gta s, DLAGE % 44 Wi

(A)

Control HCD

flk: GFP

BODIPY-Cholesterol

SR LG £ A P I ] e (%) 7 1) AN EG A L PN PR TR
MEFR10K J5 K 4 BRIV, CEBOG LR B ™
S8 i bk I A ) AT B TR . 5 control 4 AH EL,
HCDA 21 5,5 ' JH [ BE DT AR -+ 73 B 2.(E 1A), HCD
2H 21 €8 5% ' L [ B 2 U RR AN B0 T control 4 AN
, HERENG 2 7(E1B). xR, JA18#
71 e JH [ EE AR S T B L ASHRE A
2.2 HCDIRF: 4 Bkl 2 B 5 & RO BE K F
Tk

FETRRFRATTUAAS 5 AH ] e 78 't 5 A i control
FIHCD AR ME % B 25 B R klf2a 9828 1k 4l f11, I L
A [ e DR B A A [ ) B PR i TR I 7K S A2 4k
T, FRATTE I v £T O ok W %% R B 1M (1) i o
DURVIE B o 7E GL Cu i [H) A [7) B 15 50, R 38 If 5 (1)
B BUTRR S GL AT LAy 9% FE A ER FE P A (E12A) . 4t
THE EE U A B TR ) o bR 3, HCDMR IR B 4R
BRIkl 2™ B Hy £ #1842 T BOH I g o iR I 35
Jall, i B AEAR R A RS DR, klf2a” B 1 LA e
JRUTRA R D L BT A= 7 ™ 5 (12B)

HR, BIRFEI0R KBS Lk — K JE, LA30
BN —H AT 2K R M TCHITG/K . HCDMEF#

B)

sk sk

Cholesterol deposits in caudal veins

Control HCD

Ar BOGIE IR AR RO R s JIEL BT 5 ' B AR (AL ) 2E ML (o )t DR 2 2K, 1 A 20 9 I op 1 B T HEFR TEOKR ] B control 1

HCDZH i [ B3 A R SR 1 (n=60, ***P<0.001).

A: representative confocal images showing deposits (white arrows) of BODIPY-Cholesterol (red) in blood vessels (green), inlets: enlargement of white

box areas. B: quantification of cholesterol deposit numbers in control and HCD-fed group (n=60, ***P<0.001).
Ell HCDIRFBED & RSB BRI S
Fig.1 Increased fluorescent cholesterol deposits in HCD-fed zebrafish
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ZJa, BWAERMKRLa 3t S I TCK T # 2 # E 7t
O BEAH R A R 4H, kif2a™ B By [ TCOK P 35
TR AER(E2C), EAREY A B Rkl 2a Bt H TG
EHCDME 77 J5 3 W i 22 5, fH 2 5 87 A= R L,
kif2a™" Bt 5 £ FITG/K F & 3% B TH(E2D). DLk gh
KB, kf2ai ik k2 FEEE Y 6 TCHTGK - F+
e, FLIAE s S A gl
2.3 HCDMRFREFERTA 24 D &EHIEWKFE
Tk

N TR Tk 2at J 0 A [F) R SR R AL
AR, AT T MDAFISODAIZKF-. MDA
Bz FHAE ARSI G o2 8 Ak ) P AR, fEHCDMR SR
J&, B A BRIkl 2a B A0 FFIMD A ZKF-#8_E T, 1 H.
kif2a™" 3¢ B 1) B AR R S v T B AR BL(EIBA),
SODJE Ak P+ 7 B B (1) — Fh S AL =) 7E
HCDME 9% )5, 55 A= U Mkif2a B T £ 11 SOD /K T %

(A)

(C) TC level
*
0.154 sk o
sk
20.10
s
L0
3
2
0.051

Control HCD Control HCD
Wild-type klf2a”

BT, LR RO SR SR A R Al 2a7 B Hy £ I SODE
PR T B AR AL (RI3B). XU BH, klf2alf) g 2
T30k 4 i B SR A K A R A KPR T
2.4 HCDMEF B4 R Fkif2a 3T S & 1Y 28 AiE A
FRIBKFELAL

A MIHCDME 77 J5 187 A6 A Ejkif2aBE T 1)
RIEIKF, T AERECT %201 S RNAEAT 1 4%
%, WIS % EPCREG I 48 8E [K Fil1b+ il6Finfa
[(JmRNAZ i& /K *F-. HCDME 3% )5, tnfaft B 4= U FN
Kif2a™ Bt Syt b L BB TR 3, H RS R 40
N AR 2a7 BT Ty A 1) 30K K #R L TR B AR
B (El4A). BRI R K KT 1E 3 A ATHCDA
B F T, AR AR a1 5] e BB 2 (]
4B). il6IFRIEK VAR A RIHCDAL b 53 T Bk, 7
kif2a”~ HCDALH & FFtiEa %, (A1K T B 4 B control
H(E4C).

(B

Oil red O staining

sk ek
1007 .
© Light
§D B Strong
]
g 50
5
=¥

0-
Control HCD Control HCD

Wild-type klf2a™
D
( ) TG level
0.20 7 *x
Hkk
ns
0.154

mmol /gprot
<)
=)

0.05 1

Control HCD Control HCD
Wild-type klf2a™-

Ar JHLLOY IR J s Mg g RN E AR R YT . B: BRI E R BRI & LE i it (n=60). C: BBERE/KF € 83 #1(n=3). D: Hil =M

AP EDT(=3). ns: TREZRF, *P<0.05, **P<0.01, ***P<0.001.

A: representative images of Oil red O staining showing light and strong lipid accumulation in blood vessels. B: quantification of percentages of light
and strong lipid accumulation (n=60). C: quantification of total cholesterol levels (n=3). D: quantification of triglyceride levels (#n=3). ns: no significant

difference, *P<0.05, **P<0.01, ***P<0.001.

E2 Kf2athkFIMHCDIRFE RS & Mfs Rk
Fig.2 kif2a deficiency affects lipid levels of zebrafish after HCD feeding
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(A) MDA level (B) SOD level
2.09 xk L0- Hokok
* skoksk
*
1.5
g. * 3 *
L0 * g
= 1.0 %D 054 .
g =]
0.54
0 0

T
Control HCD Control HCD

Wild-type klf2a™

T
Control HCD Control HCD

Wild-type klf2a™

A: A KBS TT(n=3). B: MEMBAEGEK T E &8 (n=3). *P<0.05, **P<0.01, ***P<0.001 .
A: quantification of MDA levels (n=3). B: quantification of SOD levels (n=3). *P<0.05, **P<0.01, ***P<0.001.
B3 klf2aiR R NHCDMEFER D &S LK FE
Fig.3 kif2a deficiency affects oxidative stress of zebrafish after HCD feeding

A B C
(A) tnfa (B) illb © il6
*
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ns
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< 3 <151 <
g Z Z *
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227 2 1.0 °
= E £ 0.51
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~ 14 qu 0.5+ 6‘2
0 - 0

Cor;trol HCD Control HCD
Wild-type klf2a”

Control HCD Control HCD

Con;rol HCD Control HCD

Wild-type

klf2a™” Wild-type

klf2a™-

P e BPCREL M infa (A)~ illb (BYFil6 (C)[FRIE/KTF. n=3, ns: L& % F, *P<0.05, **P<0.01, ***P<0.001,
Fluorescent quantitative PCR analysis of expression levels of tnfa (A), il1b (B) and /6 (C). n=3, ns: no significant difference, *P<0.05, **P<0.01,

**%P<0.001.

El4 kf2aRKITHCDIRF EHED & SR FRIEKFHIFM0
Fig.4 klf2a deficiency affects expression of inflammatory factors of zebrafish after HCD feeding
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Klf2a " Wild-type Kfa’

W€ EPCRATMInotch1a (A)+ notchlb (B)finotch3 (C)MFRIAKF. n=3, ns: ToWE %57, **P<0.01, ***P<0.001 .
Fluorescent quantitative PCR analysis of expression levels of notchla (A), notchlb (B) and notch3 (C). n=3, ns: no significant difference, **P<0.01,

**%P<0.001.

ES Kf2atpkFTHCDIRFEEHD & Notch Z A FRIZKFHIF T
Fig.5 kif2a deficiency affects expression of Notch receptors of zebrafish after HCD feeding
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