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Research progress on the roles of Krippel-like factors in
muscle tissues
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Abstract: Krippel-like factors (KLFs) are a group of transcription factors characterized with three C2H2 zinc fingers at
C-terminus. The N-termini of KLFs are highly variable and usually work as a transcriptional regulatory domain. The
N-termini of KLFs may also bind to cofactors and change the transcriptional regulation abilities of KLFs. KLFs play
important roles in the differentiation and phenotype maintenance of various cells. Additionally, KLFs are involved in the
regulation of human physiological processes and in the occurrence and development of the diseases. There are 18 kinds of
KLFs identified in human genome. The current reports show that several KLFs regulate the development and functions of
the three kinds of muscle tissues in humans and animals. In cardiac muscle, KLF4, KLF10, KLF11 and KLF15 are involved

in the negative regulation of cardiac hypertrophy. In addition, KLF6 is involved in the regulation of cardiac fibrosis. KLF13
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regulates cardiac muscle development during the embryonic period. In vascular smooth muscle, the post-translated

modification of KLF4 is regulated by positive factors of cell proliferation and differentiation and plays important roles in

the regulation of the vascular smooth muscle phenotype. In addition, KLF5 promotes vascular smooth muscle proliferation,
while KLF8 and KLF15 inhibit vascular smooth muscle proliferation. In skeletal muscle, KLF2, KLF3, KLF4, KLF10 and

KLF15 are involved in the regulation of skeletal muscle development. Notably, KLF15 influences the energy metabolism in

three kinds of muscle tissues. In conclusion, several KLFs may have the same regulatory mechanism in two or three kinds

of muscle tissues. In the same kind of muscle tissue, the synergistic and sequential regulation among KLFs may occur

and be important for the development and function regulation of muscle tissues. In this review, we summarize the research

progress on the functions and mechanism of KLFs in cardiac muscle, smooth muscle, and skeletal muscle. It also provides

references for the further understanding of the functions of KLFs in muscle tissues and reveals the molecular mechanisms of

muscle-related diseases.

Keywords: Krippel-like factors; cardiac muscle; smooth muscle; skeletal muscle

Kriippel (Krippel-like factor, KLFs)
Krippel
KLFs C- DNA 3
C,H,
TGEKP(Y/F)X 1. 2] KLFs
CACCC GC KLFs N-
18 KLF KLF
KLFs
3 3] 1 KLF1 KLF2 KLF4
KLF5 KLF6 KLF7 KLFs N-
KLFs
3l 2 KLF3
KLF8 KLF12 N- PVDLT
CtBP1 3. 4l
3 KLF9 KLF10 KLF11 KLF13 KLF14
KLF16 N-
KLFs
5. KLF15 KLF17 KLF18
[3,7]

KLFs

KLFs
(51 KLFs
el KLFs
KLFs N-
KLF
Bl KLFs
[20] KLFs
KLFs
KLFs 3
1 KLFs

(cardiac muscle)

(fetal gene)

[11] 2
(myocyte enhancer factor, MEF2) GATA 4
(GATA binding protein 4, GATA4) -kB (nucl-
ear factor-xB, NF-xB) T (nuclear

factor of activated T cells, NFATSs) (myocardin,



9 : Kruppel 735
MYOCD) A B (myocardin- co-activators la, PGC-la) KLF4-ERRa-
related transcription factors-A/B, MRTF-A/B) PGC-1a

[11]
-1 (endothelin 1, ET-1) (angiot- [16.381¢ 1)
ensin -, Ang ) 12 KLF6
(transverse aortic constriction, TAC)
KLF6
NK2 5 (NK2 homeobox 5, NKX2-5) T ET-1 KLF6
5 (T-box 5, TBX5) T 20 (T-box 20,
91 KLF6
TBX20) "
KLFs (561 KLFe
[12] [13, 14] 3l Ang
KLF6 Ang
KLFs
-4 (thromb-
ospondin 4, TSP-4) TSP4
[14] Ang
11 KLF4 KLF6  TSP4
KLF4 KLF6 TSP4 [13, 14] KLF6
KLF4 ™"~ A
(natriuretic peptide A, NPPA) (1
KLF4™" 1.3 KLF10
KLF4" _
[15, 16] KLE4-- KLF10 -B (transforming
o ) growth factor-B, TGF-p) -1 (TGF-B
NPPA B (natriuretic peptide B, .
X A induces early gene-1, TIEG-1)
NPPB 7 (myosin heavy chain 7,
) (my [1z]y [20] KLE10
MYHC?) [21] KLEL0--
KLF4
1 KLF4 - .
(1) _ -1 (pituitary tumor transforming gene-1, PTTG-1)
o (histone deacetylase H3 120, 22] KLF10
inhibitor, HDACI) NPI?Q . PTTG-1 KLEL0
KLF4 NPPA ’ PTTG-1 [23]
2 KLF4
(2) (1
MYOCD (2
(1 1.4 KLF11
KLF4 KLF11 TGF-B -2 (TGF-B
KLF4 induces early gene-2, TIEG-2)
-a (estrogen-related receptor a, ERRa) (20 KLF11
v (peroxisome proliferator-
activated receptor y, PPARY) -la (PPARy  KLF11 mRNA 24 ET1



736 2 i Hereditas (Beijing) 2018 40

ek b ARHEFGRCRIED)
LA RUESS)

1 KLFs £/ 0AAER I ThEE
Fig. 1 Functions of KLFs in cardiac tissue

KLF4 KLF11 KLF13 KLF15
KLF11
KLF11 =
KLF11 TAC
KLF11
KLF11
[24]( 1)
15 KLF13
KLF13 Krippel -2 (fetal

Krippel-like factor-2, FKLF-2)
3 (basal transcription element-binding protein 3,
BTEB3) T
(26-28]  KLF13
KLF13
E9.5

—  HOREH — {2
— i ) (RS
KLF6
KLF13
E15.5
18] KLF13
GATA4
B3] KLF13
KLF13  TBX5
[6]
KLF13 GATA4 NKX2.5
TBX5 (serum response factor, SRF)
“ KLF13-GATA4- "
NPPA NPPB
B8l 1) KLF13
[

(1) (CoCl2-6H20) (doxorubicin)]

[28]



9 : Krippel

737

1.6 KLF15
KLF15
KLF15
KLF15 3
(291 KLF15 Ang
[29, 30]
KLF15
(1) KLF15 SRF
MYOCD MRTF-A/B SRE-MYOCD
SRF-MRTF-A/B (29,31, 32]
(1 KLF15 / p300
MEF2 GATA4
MEF2 GATA4 NPPA NPPB
[30, 33, 34]( 1) @
KLF15 "
[30, 35]
KLF15 "~
[36-381 K| F15
KLF15 p300
PDK4 FATP1
BAC 1)
KLF15

2 (branched-chain amino acid transaminase

2, BCAT2) 4 (glucose transporter 4,

GLUT4)

(branched-chain amino acid, BCAA)
[39]( 1)

KLF15

Ang O KLF15 p300

p53 Lys®"®
-1(thrombospondin-1, TSP-1)
p53 p53
[30]( 1)
2 KLFs

(smooth muscle)

2
(smooth muscle actin,
SMA) (smooth muscle myosin
heavy chain, SMHC) 220 (smooth muscle 22a,
SM22a) (myosin
light chain kinase, MLCK)
(49} KLFs
KLFs
(vascular smooth muscle cells, VSMC)
2.1 KLF4
VSMC  KLF4
VSMC  KLF4
KLF4
VSMC 12
KLF4
VSMC (all-trans reti-

noic acid, ATRA) TGF-B1 KLF4

-BB (platelet derived growth factor-BB, PDGF-

BB) KLF4 VSMC
KLF4 MYOCD
VSMC
KLF4 VSMC
KLF4 (1)
ATRA KLF4
p300 KLF4 KLF4
SM22a SM22a Rl
2) (2 VSMC TGF-B1 KLF4
KLF4 p300 P21
H3 P21
KLF4 B I
(transforming growth factor B receptor I, TBRI)
Smad2 KLF4-Smad2
TBRI VSMC
( 2 (3 KLF4 PPARy
KLF4-PPARYy Ang 1



738 2 i Hereditas (Beijing) 2018 40

(Ang type 1 receptor, AT1R) MYOCD VSMC
TGF-p1 (TGF-B1 control elements, TCE) VSMC [0.46~481 2y vSMC
AT1R VSMC S KLF4
2) KLF4 -2/p-Erk KLF4
(mitochondrial fusion protein - mitofusin-2, MFN-2/ KLF4 VSMC
p-Erk) VSMC ( )
VSMC )
PDGF-BB KLF4 2.2 KLF5
KLF4 HDAC2 KLF4 KLF5 VSMC
KLF4  SM22q VSMC  KLF5
SM22a Bl 2) PDGF-BB KLF5
KLF4 / (phosphatase and 4] Ang
tensin homolog, PTEN) KLF4-PTEN VSMC  KLF5 [s0]
TGF-p1 KLF4 (41, 43] KLF5 4 VSMC
Ang Il miRNA-145 (1) KLF5 PDGF-A/B
KLF4 MYOCD -1 (plasminogen activator inhibitor-1,
@y -
0 %
@ K@ 4@4_"_.@—&&%
> .@ ) BRI
\ p21
—l VSMCHE T

> m ] (ATIR

LORriAEE AL

&
7L/_.®
Angll ) messssl] ( miR-145 ) e—] @ ] (MYOCD'  p) ﬁv%;%
—— it : EE w—) (230535 ) mE
- B w— {7 ] 11435 N

2 IMEFEINMAE+ KLF4 BEIER ISR AER IhEE
Fig. 2 The post-translational modifications of KLF4 and the corresponding functions in vascular smooth
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Fig. 4 Expression patterns and intermolecular interactions among KLF4, KLF5, KLF8, and KLF15 in vascular
smooth muscle cells (VSMC)
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