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Expression of LOXL4 and its roles in renal interstitial fibrosis

ZHU Sai-ya, NIU Yang-yang , ZHANG Xiao-qin, YU Chen
(Dept. of Nephrology, Tongji Hospital, Tongji University School of Medicine, Shanghai 200065, China)

[ Abstract] Objective To investigate the expression of lysyl oxidase-like protein 4 ( LOXL4) and its
roles in renal fibrosis. Methods Renal biopsy specimens from patients with chronic kidney disease were
collected. Sprague-Dawley rats were randomly divided into unilateral ureteral ligation ( UUO) model
group and sham operation( Sham) group;Rat kidney fibroblasts ( NRK-49F) were stimulated with TGF-
B1. The expression of LOXL4 mRNA and protein was detected by gq-PCR, western blotting and/or
immunohistochemistry, respectively. Results The expression of LOXL4 in fibrotic renal tissues of
patients was significantly higher than that in normal renal tissues( P<0. 01). Compared with Sham group,
the expressions of LOXL4 and collgenl (Coll) in the kidney of UUO group of rats were significantly
higher( P<0.01). TGF-B1 significantly promoted the expression of LOXL4 and Coll (P<0.01). After
transfecting with LOXL4 expression plasmid, the expression of Coll was increased significantly ( P <
0.01). There was significant reduction of Coll expression in NRK-49F cells transfected with LOXL4
siRNA(P<0.01). Conclusion The expression of LOXL4 is up-regulated in renal interstitial fibrosis,
which may be involved in renal fibrosis by regulating the expression of collagen fibers.

[ Key words] lysyl oxidase-like protein 4; transforming growth factor B1; renal fibrosis; extracellular

matrix ; cross-linking
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Fig.3 TGF-B1 stimulation promotes the expression of LOXL4 protein and mRNA
A Western BRI Smad2 ,Smad3 \LOXLA4 (475 13535 7KF ;B : g-PCR J7 K6l LOXLA B mRNA 57K ;C: T TGF-B1 HREE , #nil
Coll [l H238/KF;D: g-PCR 4 Coll mRNA 33k ; 5 NC 4 H#, *P<0. 05, **P<0.01, **P<0. 001

2.4 LOXL4 %} 4m oo A ik ik 09 %ok 4A B HIANERT Coll BRI IG N, WLIK 3C,
IR LOXLA X 4 fl Ah BE B g, 1 56 F) i —20FE NRK-49F 4 jfd % 44 siLOXL4 , W %< 3|
FBCRL i 2235 NRK-49F #i g 19 LOXL4, & #lid  LOXL4 FiAW & T, WE 3D E; Coll ik i

ik LOXL4 R H )5 ,LOXL4 YRkl B, WK B, WIE 4F,
. 22 .



RIEAE A5 BB SR LB 1 4 75 8] BT 4R Ak i sk M iE X

%1
A
4-
EV LOXL4 af | .
LOXL4 e | Be
20 )
QG_/‘V
s T
EV LOXL4
C 5
EV_LOXL4 o
Coll [ 23
<
=5
GAPDH | e s— %Eo
=R

EV  LOXL4

—
W
1

—_
(=
T

o
193

EE

LOXL4/GAPDH mRNA

o
=]

siNC siLOXL4

N
1

kK

w2
T

—
T

LOXL4/GAPDH mRNA &
o

(=]

EV LOXL4

—_
W
1

D
sINC siLOXL4

LOXL4

—_
(=]
T

GAPDH | .

e
[

i EE T

sINC siLOXL4

AT KA
(LOXL4/GAPDH)

-
W

—_
(=
T

sINC siLOXL4

Coll

sk sk

B

sINC siLOXL4

o
[

A K EE.
(Coll/GAPDH)

e
o

4 LOXL4 Xt4RasMERFRIZRIF
Fig.4 Effect of LOXL4 onexpression of extracellular matrix
A: ] Western ENiRVER I LOXL4 BITE %35 ;B: H q-PCR Kl LOXL4 B9 mRNA 23k ;C; JH Western ElZE RG] Coll BEFFik, FEYL
X} B8 siRNA 5k LOXL4 /1Y siRNA )7 ;D: F Western E[ZAKE N LOXL4 A2 ALK ;E: H g-PCR il LOXL4 ) mRNA ik ;F; H Western
ER AN Coll MYRE (13RI /KF s 5 X AT Hb 4, **P<0. 01, ™**P<0. 001

AHEFE IR, LOXLA TE0E FR I 5 0 28 25 1)
LR AEAL A A BOR B 5 ) S 21 A A A A v e 335
IF HIXFPREAEE (1) 5 22 35 1 Bl 5 () J0 fise Jir 3R 3R 34
fin, ARAMIFSE R, TGE-B1 AEE S LOXLA &Kk,
1 Rik LOXLA J&, 4 i A3 B Coll 23k & W i
T TV LOXLA J& , 4SRN SE T Coll RiA & B T
R, ABEFEZE R R LOXLA Al IRERIE, B 5
B Lr etk HRmA A R T ikE

£ LOXs ZIE M BE5E H, Bk LOXL4, HoAth 1 51
SN At R A iiE . 75 AV TEPE
JHRAI I 21 4 A 8 35 b, = LOXL2 /KF 5
1= B 5 (Tshak ) ZF4EALIT 204G, BUIR BE IR YT )5
LOXL2 FRiA/K R R, 7EHF A& P IH 8] 53 21 44k &
Fr LOXL2 Feih /K V-5, 5 2 1 i i) o 41 4 Ak
P ot b P S BoR R R A TR

AAEALBR R LOX 2 3k 1 i HL RS s ),
[ & B, 78 UUO TR 15 5 19 B 21 4 1k KR
W LOXL2 e JE R B4t | il LoxXL2
TEME AT 21 ST AR B, 5 28 0] 33 e 41 2 F 4
PEAEAR T AR PRI B R SRR R A 20 g PR 4
FEBEAE A th J4 LOXL2 ] s/ ECM 22 Bk, M1
VR B AT LR

LOXL4 Hi LOXs Z L [R] (1) C-A i i 25 ¥ 45
B A ZE R 3, DA B e AR FH AR B Rs N-2K i
SEFIAL A, LOXLA EEAERG 8 A il LE
JFFHE S AL ZUE R rp 23k | H WTE S J T B S
8%, 5K LOXLA S5 3k #i eIk 41 i e Fn
R R X i A0 3 A S R 28 HL A (R
PRI

X LOXL4 2 54 B 4 4 b i w55 1R 20
Busnadiego %% & 3 LOXLA4 75 5 £ 4k Ak A6 5 4 1t
AR P PR R X, TGF-B1 ] fifi K 5l ik 4 Kz 41

.23 .



[RI Rl (2R

%41 %

J ) LOXLA {15, LOXL4 SHib I 4041, fie
#E ECM UUAR . A5 e B i i A2 44 v I s 1 A
h LOXLA SRIRHE H A 1S I, I B 5 )il i & - ¥
JULE At 0 S 22 g e A B DD AR OGS A RS R
M TGF-B1 A I i /) %2 1 41 Mg o LOXL4 1) 3=

VHEEASEA KT LOXLY 5B A 4L
i SIER

AWFFE I & I, TGE-B1 i 1t Smad2/3 {5 5 i
oK 4 5 LOXL4 | Coll ik, B A SClk i iE
TGF-B1 1E A 25 4k 1k 1) %%uiﬁiﬁ%*ﬁ, CIEEEUS
Smad3 , 22 2 JFUE AL I o 18 B% B AR E LS
3 1% W ( phosphatidylinositol 3 kinase, PI-3K)/%&
P41 B (protein kinase B, PKB) Rl PI3K/ Akt i j#% I
i LOX (33457 | TGF-B/Smad 55 i #% 2 £F
AL BT R 2 B (5 5 56 il At IEATA R 58 2
7~ ,LOXL2 FiRHEhnn] G885 TGF-B/Smad {5 i i
R TR BT EASC, Ml TGE-B1 {55l
)5, H: Smads B AL @A, LOX mRNA %HEH
AKFFRIE T, T BR800 ECM 2k 53T
AV

AW H T AR AR E B AR, UUO 3
PR K TGF-B1 i 40 i 28 i 1) 2 e AL A,
FEoHER T LOXL4 7 W5 LT e Al i i v (9 205 e
HEAEH], X0 Tl H“if”?%ﬁ?ﬁ%ﬁxﬁlﬁﬁ{ T, 2
ZE R R R A R

@75,ﬂiﬁﬁ?ﬁﬁ—%x/@,iﬁcé}}\bu%)%ﬁﬁﬁ%
T LOXLA 5 L i i R &R, 5 8L 75 B IR A
WHFE LOXLA W 19 IR K35 2 5 B 21 i AL i) B AR
PL
[ &% 30k )
[ 1] TATSUKAWA H, OTSU R, TANI, et al. Isozyme-
specific comprehensive characterization of transglutami-
nase-crosslinked substrates in kidney fibrosis [ J]. Sci
Rep, 2018,8(1) : 7306.
[ 2] MAREK I, LICHTNEGER T, CORDASIC N, et al.
Alpha8 integrin( Itga8) signalling attenuates chronic re-
nal interstitial fibrosis by reducing fibroblast activation,
not by interfering with regulation of cell turnover|[J].
PLoS One, 2016,11(3) : e0150471.
[ 3] GENOVESE F, MANRESA A A, LEEMING D J, et
.24 .

[4]

[5]

[6]

(7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

al. The extracellular matrix in the kidney: a source of
novel non-invasive biomarkers of kidney fibrosis? [J].
Fibrogenesis Tissue Repair, 2014,7(1) : 4.

LUCERO H A, KAGAN H M.Lysyl oxidase: an oxi-
dative enzyme and effector of cell function[ J]. Cell
Mol Life Sci, 2006,63(19/20) ; 2304 —2316.

LIT, WU CJ, GAO L, et al. Lysyl oxidase family
members in urological tumorigenesis and fibrosis [ J ].
Oncotarget, 2018,9(28) : 20156 —20164.

KANTA J. Elastin in the liver [J].
2016,7. 491.

ZHANG J, LIUZ Y, ZHANG T T, et al. Loss of ly-

Front Physiol,

syl oxidase-like 3 attenuates embryonic lung develop-
ment in mice[J]. Sci Rep, 2016,6: 33856.

LOPEZ B, QUEREJETA R, GONZALEZ A, et al.
Impact of treatment on myocardial lysyl oxidase expres-
sion and collagen cross-linking in patients with heart
failure[ J]. Hypertension, 2009,53(2) : 236 —242.
TOVAR-VIDALES T, FITZGERALD A M, CLARK
A F, et al. Transforming growth factor-B2 induces ex-
pression of biologically active bone morphogenetic pro-
tein-1 in human trabecular meshwork cells[ J]. Invest
Ophthalmol Vis Sci, 2013,54(7) . 4741 —4743.
GOTO Y, UCHIO-YAMADA K, ANAN S, et al
Transforming growth factor-betal mediated up-regula-
tion of lysyl oxidase in the kidneys of hereditary ne-
phrotic mouse with chronic renal fibrosis[ J]. Virchows
Arch, 2005,447(5) . 859 —868.

COX T R, BIRD D, BAKER A M, et al. LOX-media-
ted collagen crosslinking is responsible for fibrosis-en-
hanced metastasis| J]. Cancer Res, 2013,73(6) : 1721 —
1732.

CHIEN J W, RICHARDS T J, GIBSON K F, et al.
Serum lysyl oxidase-like 2 levels and idiopathic pulmo-
nary fibrosis disease progression [ J]. Eur Respir J,
2014,43(5) : 1430 — 1438.

DI DONATO A, GHIGGERI G M, DI DUCA M, et
al.Lysyl oxidase expression and collagen cross-linking
during chronic adriamycin nephropathy [ J ].
1997,76(2) : 192 —200.

CHOI S E, JEON N, CHOI HY, et al. Lysyl oxidase-

Nephron,

like 2 is expressed in kidney tissue and is associated
with the progression of tubulointerstitial fibrosis [ J].
Mol Med Rep, 2017,16(3) ; 2477 — 2482.

BARRY-HAMILTON V, SPANGLER R, MARSHALL



55 14

8 BUABL A LREREE 1 4 75 M BT 4R Ak P Y 30k e X

[16]

[17]

[19]

[22]

(23]

D, et al. Allosteric inhibition of lysyl oxidase-like-2 im-
pedes the development of a pathologic microenvironment
[J]. Nat Med, 2010,16(9) : 1009 — 1017.

CHEN J, RENJ, LOO W T Y, et al. Lysyl oxidases
expression and histopathological changes of the diabetic
rat nephron[ J]. Mol Med Rep, 2018,17(2); 2431 —
2441.

TIAN M, LIU W, JIN L, et al. LOXL4 is downregu-
lated in hepatocellular carcinoma with a favorable prog-
nosis[ J]. Int J Clin Exp Pathol, 2015,8(4) . 3892 —
3900.

KAGAN H M, LI W D. Lysyl oxidase: properties,
specificity, and biological roles inside and outside of
the cell[ J]. J Cell Biochem, 2003, 88(4) : 660 —672.
MAKI J M.Lysyl oxidases in mammalian development
and certain pathological conditions [ J ]. Histol His-
topathol, 2009,24(5) : 651 — 660.

WEISE J B, RUDOLPH P, HEISER A, et al. LOXL4
is a selectively expressed candidate diagnostic antigen
in head and neck cancer[J]. Eur J Cancer, 2008, 44
(9): 1323 -1331.

SCOLA N, GOROGH T. LOXL4 as a selective molec-
ular marker in primary and metastatic head/neck carci-
noma [ J ]. Anticancer Res, 2010, 30 (11): 4567 —
4571.

LIR K, ZHAO W Y, FANG F, et al. Lysyl oxidase-
like 4 (LOXL4) promotes proliferation and metastasis
of gastric cancer via FAK/Src pathway [ J]. J Cancer
Res Clin Oncol, 2015,141(2) : 269 —281.
BUSNADIEGO O, GONZALEZ-SANTAMARIA 7,

[24]

[25]

[26]

[28]

[(29]

LAGARES D, et al. LOXL4 is induced by transfor-
ming growth factor 1 through Smad and JunB/Fra2
and contributes to vascular matrix remodeling[ J]. Mol
Cell Biol, 2013,33(12) . 2388 —2401.

NAVE A H, MIZIKOVA 1, NIESS G, et al. Lysyl ox-
idases play a causal role in vascular remodeling in clini-
cal and experimental pulmonary arterial hypertension
[J]. Arterioscler Thromb Vasc Biol, 2014,34(7):
1446 — 1458.

SETHI A, WORDINGER R J, CLARK A F. Gremlin
utilizes canonical and non-canonical TGFf signaling to
induce lysyl oxidase ( LOX) genes in human trabecular
meshwork cells[ J]. Exp Eye Res, 2013, 113; 117 —
127.

SETHI A, MAO W M, WORDINGER R J, et al.
Transforming growth factor-beta induces extracellular
matrix protein cross-linking lysyl oxidase( LOX) genes
in human trabecular meshwork cells[ J]. Invest Oph-
thalmol Vis Sci, 2011,52(8) . 5240 —5250.

AR, O R T 548 U O 2R A BT S
JELT] B R 2 4 (R 22 ) ,2018,39(6) ;124 —
128.

Wiz e JH a2 WS, S T RLLD B SR AR 1 4R
BT S AR S AE I P 3R 3B [ J] . IR 5% R 4l (1=
2#h) ,2018,39(6) ; 87 —91.

HU C P, DANDAPAT A, SUN L Q, et al. Regulation
of TGFbetal-mediated collagen formation by LOX-1.
studies based on forced overexpression of TGFbetal in
wild-type and lox-1 knock-out mouse cardiac fibroblasts

[J]. J Biol Chem, 2008,283(16) : 10226 — 10231.

.25 .





