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Research progress on the biological functions of TIMP2 and
IGFBP7 and their roles in acute kidney injury

ZHANG Yang'”’, WANG Yi-mei'*’, JIANG Wu-hua'*’, ZHAO Shuan'?’, DING Xiao-qiang' 2
('Department of Nephrology , Zhongshan Hospital , Fudan University,Shanghai 200032, China; *Kidney and Dialysis Institute of
Shanghai,Shanghai 200032, China; *Kidney and Blood Purification Laboratory of Shanghai,Shanghai 200032, China)

[ Abstract] Acute kidney injury (AKI) is a common clinical critical complication with high incidence and
mortality. Early diagnosis and treatment of AKI is an effective way to reduce mortality and treatment costs.
At present, the biomarker for diagnosis of AKI is the product of the concentration of tissue inhibitors of
metalloproteinase 2 (TIMP2) and insulin-like growth factor binding protein 7 (IGFBP7) in urine.
However, the biological functions of TIMP2 and IGFBP7, especially in the kidney, remain unclear
compared with other biomarkers of AKI. Therefore, we reviewed the protein characteristics and biological
functions of the two families, as well as the role of the two proteins in kidney development and AKI
progression, which can provide a theoretical reference for clinicians to understand TIMP2 and IGFBP7 in
addition to their role as AKI biomarkers and a new perspective for more accurate and efficient use of
TIMP2 and IGFBP7 in diagnosis and treatment of AKI.

[Key words] acute kidney injury (AKI) ;  biomarker; tissue inhibitors of metalloproteinase 2
(TIMP2); insulin-like growth factor binding protein 7 (IGFBP7)
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201 it 05 (acute kidney injury, AKD) /&35 &
JUE 2y i 7 6 30 9 0 Ak CLLE /N BR U ) S8 PR 3T B Ry
R I — A1 LA R W 3 R & R AR TR B L
JoT T Bk V- A 25 L A N R AE I I IR 28 A Ak . AR5 4
Bk AKT AT 9 5 Meta 43 BT s, AR A3 Be 28 & &
SRR 21.6% AL F N 23.9% . JLEFEREEE L
3 A w3k 33700 R AE R A 13,800 . 2015 4F TR [H
— 0 2 223 230 ] 1Y 2 rh oL Il R R A B, AKTAE B
JRACR N 12.4% , 576 16.1% AOAE B B & B B4
A 78 AKI, m ik 74.2% B9 AKT B A Be 9] 1) = 9t
B g2 W B E AT 17.6% 2 WA R . B
HIXT AKTAT SR A A IR YT 7 ik, EE R A T
AKT &9 J5t R A2 2%, s LAKS o Pt a5 5 10112 I o
Az W B AR W R I DR S80I 2 W AKT Y o 2 4
B, F2 AL HE L PR 2R DR A 4 i R Tl
HH 56 I8 i iz 2% & 1 (neutrophil gelatinase-associated
lipocalin, NGAL) . ¥ i #i 4 ¥ 1 (kidney injury
molecule-1,KIM-1) . JK IL-18 . 4 J& 5 H fif§ 20 ZL400 1
F 2 (tissue inhibitors of metalloproteinase 2,
TIMP2) Fil JBe & 2 ke A2 K 7 45 5 8 H 7 (insulin-
like growth factor binding protein 7, IGFBP7) %" .
H b, JR W TIMP2 #1 IGFBP7 ¥ JE 9 &
([TIMP2]-[IGFBP7])7E AKI 391 12 3 T, M itk
FETRI AKT KA J7 A T Hoflubs &4 . [ TIMP2] -
1

[IGFBP7 J{E /& 1 8 35 M0 IEF AR J5 838 AKX
U v 2 B R A [ R 2 A b B AR o b 0 i 2
I AE AKT R 1 B 25 )77, B — A 0 Clnti IR
g 70 LR O T s v A8 P I ) R 23 5 e X — 4
FroxF AKT 9 RURS PF 4G, JEAE 2014 4F B FDA it i
T AKTRIG R B0 . HJ2& , TIMP2 fl IGFBP7
W e S 4, TIMP2 il IGEBP7 4y fi] BE % 15
M AKI Y & A, =38 78 15 % DL 45 5 1 B e A
(R (AR I L i NG 2 AP S s e NS U N o
TIMP2 1 IGFBP7 BT J& 8 F K 5 9 X 2
B4 W 2F T RE L % TIMP2 i IGEBP7 78 15 ik v & 2B
Yk 4 2 AN AR TR ) BE R AT ER AT

TIMP2 B9 4 ¥ 45 EFA T BE

TIMPs K 7% 5 TIMP2 TIMP2 Jg& F TIMPs &
T R 4 B AR (TIMP1~4) | g N %
B 42 J@ 2 11 il (matrix metalloproteinases, MMPs)
(A0 o 4% R B MIMPs (19 410 4 BE 1 Fn3 F
fEAE2 S, TIMP3 9 il 4F H 5772, TIMP2
W TIMP1 i B e 28 (% 1) . TIMPs 38 2 97/ 4%
MM Ps 119 1 14 9 5 240 it 70 36 o i) AR 41 210 o 4
FUA AT o 55 AR W ok B 5 34 3 2k 3E MIMIP AR 1 M i
"S5 sk AT R S P R S AR
fy ok &, ) TIMP2/3 B T 40 M T 0
TER™.

A TIMP R B 5 #0295 T B 1

Tab 1 Biological functions of the human TIMPs

Weak for MMP-14,

Inhibition effect to MMP All All Most
-16, -19, -24
e ADAM-10, 12, 17, 28, 33; ADAM17,ADAM28

Inhibition effect to other MP ADAM10 ADAM12 ADAMTS-1, 4, 5; ADAMTS-2 and ADAM33
Interactions with pro-MMP Pro-MMP-9 Pro-MMP-2 Pro-MMP-9 and Pro-MMP-2 Pro-MMP-2

Other binding partners CD63 and LRP1 a3f1 integrin and EF}‘ZMPl', VEGFR2 and /

LRP1 angiotensin Il receptor
Apoptotic effects = —/+ + /

Angiogenesis effects -

MP: Metalloproteinase; ADAM: A disintegrin and metalloprotease; ADAMTS: ADAM with thrombospondin motifs; LRP: Low-density

lipoprotein receptor related protein; EFEMP : EGF-containing fibulin-like extracellular matrix protein; VEGFR: Vascular endothelial cell growth

factor receptor. —: Negative; +: Positive;/: No effect or none.
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TEHE R 20 v, TIMP1 3 #1414 2 i 3 P 5 5
AH G B 4 B DR N 3 A AE IR 4 A T i B
TIMP2 i 3 H 5 4 #% DDCS (differential display
clone 8) 3P #43 H & . DDCS 7E % L 55 41 4l h 3%
ik, 5 TIMP2 2 [6] 2 505 1 A i Bz o 461 0518 52
E-SUN

TIMP2 ) & & & M & Rk 342 A TIMPs i
F9FR N it A C ity 45 P B 4 B N v ) X )
SEWR T AR AR ST, R 45 S MMPs i EZE3RA 5 C
St 45 44 38) ) AE pro-MMP2 3 6 i A2 b e OB R
™. TIMP2EIEH AN Z AR EhREL, £
P ik T A BH 2R G0 BV b v A

TIMP2 * 2m fie. 3§ 78 &) % 6 A L&) TIMP2 fig
g fi AN M IS 5 . AR AN B, TIMP2 1Y C i 45 44
B 5 MMP2 i/ & (pro-MMP2) 45 & B & ¥ L 18
MMP 14 BIFE T B R MMP2 . TIMP2 7]
i X MIMP2 3% ¥ B A 10 7R T, 3X 52 31 40 B 15 rp
TIMP2 ., 4 i 4 & BT LA K MMP14 = 3 % i 14
B BFSE & B TIMP2 3 3 % 0% & (% A
(protein kinase A, PKA) K& # A5 Bt AL B 3- 34 1
(phosphatidylinositol 3-kinase, PI3K) {5 5 i& £ i i
AR AR WS A A AR ) TIMP2 3 i 45 4 4
i 2R T A MIMP 14, 005 240 B 2 98 755 2R s 1/2
(extracellular regulated protein kinases 1/2, ERK1/
2) M i g0 A K AR il B g R, TIMP2 3 2 c-
Src W i 1Y 1% A6, TS B6E BE A (focal adhesion
kinase , FAK) \PI3K/AKT .ERK1/2 i i , {2 iff [} g3
UG . TIMP2 55 Rl B /N B2 B A AP AK 4o
2 R LA B S BE , AnRR 22 0T o A AR IR i B R
GiUIRe S WU BRALE

3 —J7 T, TIMP2 HA #1240 i 1 58 19 2 e o
TIMP2 38 i 45 & P9 Bz 240 i 2 T8 1Y o B, B A 5K, 1)
& W 7 A=K B F A (vascular endothelial growth
factor A, VEGF-A) Hl 1% £F 48 40 g 4= K B+ 2
(fibroblast growth factor 2, FGF2) B3 3G , IR B 3005
IR R B AL T, 5 40 A Y BR W R R (cyclic
adenosine monophosphate ,cAMP ) /K-, #7E & SH2
45 M B K 2 R W R B§ 1 (SH2-containing
protein tyrosine phosphatase-1, SHP-1) , ffi VEGF/
FGF Z & L@ fb ™ . TIMP2 i@ i 42 9 p27°*' iy
A B HE T 40 i CDK4 (cyclin-dependent kinase 4) Al
CDK2, I 2 fff N Bz 40 ff J8 00 45 i F G it

TIMP2 38 1o 410 8l 40 i J&) 301 2 1 B AN D A9 2R3k, e ik
CDK 0l P p21" (4 25 B, 300 1] B 28 o0 48 Ml 2 A
20 f6 S 30, 2 20F 40 AR k. TIMP2 34 AT L3 2o 41
il Wnt (wingless-type MMTYV integration site
family) /R-catenin 18 [ 2 30 i i 8 400 At 4 386 5> .
Biad ad bR MMP AR HL S b, TIMP2 i 7] DLl
P MMPs 98 75 40 i1 A0 5L 5w, 400 3] 1 8 P9 Bz 40 i
B 3T 00 A 0 A TR

TIMP2 /£ B JE ¥ 49 1F A & L #ud]  TIMP2 %
5B NE A H o R i DR AE 2F A a4 W TIMP2 417 1
MMPs B T P, 5 B4 M S 5L BT 0 AR, DA 40 1 i
PRAE ZF By A= 4 o T Jo 200 if 38 O R 1 A 28 IR R 1
(glial cell derived neurotrophic factor, GDNF) Fl i
2F 4 41 M = K I F (fibroblast growth factor 7,
FGF7) 16 B B & & B 0058 o 42 i % DR 48 2 75 W
TIMP2, #1015 5 53 1 4 A By 0 12

TIMP2 2 15 ¥ JIE S 5 9 5 5 #e o 72 IR 2 0 5
SN T g B IV B R A R A A5 D e AKT /)N BRARE
B R 3 TIMP2 Al DU pes B4 1 Ak , 2 1 41 il
NFkB (nuclear factor kappa B) il # , ik 2> 20 fg (< 7
TR AN M JE T, R TIMP2 R AE N 3 R SR A
AKT ek e B B PE =, W98 R B, FE B il
s H b 5 S 0 B 8O3 D BB B R, SR TIMP2
IGFBP7 & & W W b 7+, 2% Bk & TIMP2 Al
IGFBP7 B mRNA 7K Jf 34 fin , (8 1 AKI % A= it
B /0N U o W A /D fi O i /N TIMP2 R
IGFBP7 s 34, wi 3f-4E i TIMP2 #1 IGFBP7
Feik B n P E

IGFBP7 9 4 ¥ S FF E 7O Th B¢

IGFBPs % #% 5 IGFBP7 ik &5 E # A KB+
(insulin-like growth factor, IGF ) i 2% #4 5 i 5% Z AR,
A 2253 245 0 VE T AT o) 2 240 e s o A ARG . AR
P55 IGF By, IGF 454 % F (IGF binding protein,
IGFBP) B A 32 253 i AR ANERY IGFBP1~6 Al
o6 FYE B IGFBP #H 5% % 1 (IGFBP-related protein,
IGFBP-rP) ,IGFBP7 & TJa # .

IGFBPs 25 # A= 75 i 15 40 38 L £ #Y IGFBPs
(IGFBP1~6) & & ¥ e &M , i N ¥ [ X 35 C
Ui 3X 3 GRS B . N g | C i e B R ST,
] DX Bl B AT A8 . N oo & A — Bl o IR SF
“GCGCCXXC” & & M ¢ 51 , 5 IGF 3% Ml /.y
AR
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IGFBPAE N IGFs W% iz 85 A , 19 IGFs (19 2]
e 506, K IGFs TEMR I b iy i . IGFs #
PoE M AEN M b IGFBP S WA B T 5 IGF %
RZE A M Bl M AN 5 9 IGFBP 25 & WA F T 5
IGF 2Z k25 &1, X $6/E F i 2 IGFBP ] [X 3
B R AL A IGFBP 28 11 it R ik S5 AL 2E 47 8 5
IGFBP 7] L f #2230 28 8 97 4l e 43 b B K 7 L S5 40
LR AR IGF 32 4 5 e T AR I8 428 Bk TR 4 5 LA
N W Tl iV 38 A2 45 22 AL O 4 20 e O T L
B AT L A W R AR

IGFBP-rP 7E 45 #4 #1 ¥) & I 5 IGFBP1~6 2
o, At B 8 51 A IGFBP % % . IGFBP-rP H A 4
SF AN Sty 45 R R, F R 2D C i 285 44 S8l e ) 5 4
B, BOARRE S 45 & IGF {H 3 f1 ) L IGFBP1~6 1%,
PR 9 FK O IGFBP-rP . il 3 B 46 IGFBP7 (45 45 4
4l 4= K A ¥ (connective tissue growth factor,
CTGF) IGFBP-rP3 fll IGFBP-rP4" "4 |

IGFBP7 44 4~ #  IGFBP7 43 MG dE# )32 , 4 4b
VR 2 7T LA 6 CF 4 I A5 RE T A B R LR
SRR ) WU R ST B RS2 DL K i R A A R
Mo e o, S MEde th B ER ke £ JLT
JT A E R A0 R R A AN [R) FR Y IGFBP7 K3k 7

IGFBPs | IGFBP1-6
IGFBP-rP7
IGFBP-rPs
IGFBP-rP1
(IGFB7)
IGFBP-rP5

-
IGFBP-rP2,4,8,9 M
BT

ENDEras

M3 PR 27K I W55 M T IGFBP7 3 1]
G0 0 AF B U 20 LA A b B 4 AR A
Fiko BN IGFBP7 78 A [F] 41 f 25 28U v () 0 A A
], v B /N ER 2R 3K R AN, O il NG o Rk
TE NG L WA BFSE & B IGFBPT7 76 U5 3 /N4
FEIRB R, IF FLE 78540 30 il /N R R R 2

IGFBP7 % 245 #1  IGFBP7 (1 N i 45 44 5 A
IGFBP ZEFE 5, & A “GCGCCXXC"RREL, i N ¥
S5 R 2 AP F 9 5 IGFBP 521 H Al i 51 1 [ 5
PO 1526, 3 N A5 — B & JE R 7 51 5 Kazal
K 22 B R B AR YL, FR A KI(Kazal-type serine
proteinase inhibitor) Z% 4 4>, 3% B 7 %1 18 5 B 9 10
2o BN . KIS #3802 5 0 3 5 1 47 4 40 e
Az K R T 2 R ) G BR R A RE 25 H 28 T A
5w omE AN ERAREE(F1D). £5
IGFBP 5 IGF ) 45 & 75 25 Ny 1 C i 45 £ $af I []
Z 45, T IGFBP7 /> C i 45 # 35k, IGFBP7 5
IGF {4 38 A J1 AL} 44 45 IGFBPs i 1%, C %t 4%
A 35K 1) dke 2 A s N S 45 A ek e i BB U 3R A A
SR (K 2) W IGFBP7 5 Z R £ I 1L
IGFBP S % HoAth i 51 97 5% . 25 |, IGFBP7 7] fig i
R IGF i1 KLY T hg .

All IGFBPs (IGFBP1 to 6) are composed of N-terminal domain and Tg (thyroglobulin-type) C-terminal domain which are both conserved. All

IGFBP-rPs are composed of conserved N-terminal domain and different C domains, which for IGEFBP7 are VWC (von Willebrand factor type C

repeat) and Tb (thrombospondin type I repeat).CT: C-terminal domain; KI: Kazal-type serine proteinase inhibitor; Ig: Immunoglobulin-like

domain; SP: Serine protease.

Bl 1 IGFBPs#l IGFBP-rPs f# i 5 ik 454
Fig1 The composition and simplified structure of IGFBPs and IGFBP-rPs

IGFBP7 89 % f B AR A ALH  IGFBP7 2 5 41 fitd
R BEE R Mib e A0 P0G A SE R . R A AR INTB
(transforming growth factor beta, TGF-R) il 4 F fig
A5 i L UR AT S IR B R AR ML R R IGFBP7 S [l
IGFBP B fif J5 19 N o 1 Be A7) 2 A 20 L J5E 285 B i) 4

', IGFBP7 g8 5 Activin 254, 817 R R 4 41
M A K & BRI 3R AR . IGFBP7 BB 6%
5V B I 25 G AR 2 M Ik P B 4 L ) G R R
A AR IGFBP7 @ T4 Ml 21w , 5 2 1 R A
TER L ESE M BE M T A MBE R 55
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A NH,

I COOH
—_—

IGFBPs

Affinity to IGFs ¢t
Affinity to insulin 4

B NH-
—_—l
COOH

IGFBP-rPs

C NH,

, IGFs
COOH ) Fiils
nsulin

: PE(}leolysis

IGFBPs (proteolysis)

Affinity to IGFs |
Affinity to insulin t

D
NH; COOH
NH, COOH

IGFBPs/IGFBP-rPs
(Reduction)

Affinity to IGFs |
Affinity to insulin t

Affinity to IGFs |
Affinity to insulin

A: The IGFBPs bind IGFs with high affinity but insulin is not the proper binding partner because of less exposed binding structure ; B: Due to

more exposed binding structure, IGFBP-rPs bind IGFs with low affinity and bind insulin with equal or higher affinity; C: By proteolysis of

IGFBPs, the affinity to IGFs becomes lower while the affinity to insulin becomes higher due to the exposed binding site; D: Through changes in

the structure of IGFBPs/IGFBP-rPs after proteolysis or other treatment, the affinity to IGFs becomes lower while the affinity to insulin becomes

higher because the binding site is revealed.

El2 IGFBP/GFBP-rP 5B E &S HLH
Fig2 The mechanism of IGFBP/IGFBP-rP binding to IGF

(1#13) o IGFBP7 8 i 4 2 40 i J 391 2 55 4 o 3 4
AE M9 458k, IGEBP7 AT A3 ik 410 ) 44 Jf S 49 2R
D1l p21 iy %3k, I 2 JE 40 i B 3 25 A VE pl6.
p27 2% 3K B b I Ake i R T ML 91 R
CDK # [ 7 p27°" Fl p21* L8 i S 40 g 15
fir T GO/GUI . 4 P i 2% ik B 40 M B 7R Wb
&b 38 IGFBP7, 7] LLd if 4 IGF-1 % f& | AKT,
ERK & #2175 5 40 45 i 5 G2 39, 3 17 S 25 40 i
T2 IGFBP7i& 1] LAl i #2 % SMARCB1(SW1/
SNF related, matrix associated, actin dependent
regulator of chromatin, subfamily B, member 1) 7K
S, dE i $ & BNIP3L (BCL2 interacting protein 3
like) 7K °F , [&] i 47 il BRAF-MEK-ERK i #% , %5 &
4 R T . IGFBP7 38 1T DLl i 22 24 %
1t #H M ¥ B (mitogen-activated protein kinase,
MAPK) i 40 1 IGF X 40 il i) f2 53 A VE L (ER
S IGE e sAE

IGFBP7 £ K IE 4 4% ' 694 IGFBP7& 5%

o B UE o B A kR o I E S 1R /Y AKT
IGFBP7 i i i ERK1/2 F 3l % AH OC 2R 1, an 4
Jit J& 81 & 71 DL p21. Bel-2, Bax (BCL2 associated
X) S 40 A5 T GO/GUIN™ o FE B DR B
th, TGF-p1:i# i SMAD2(a family of proteins similar
to the drosophila mothers against decapentaplegic,
member 2) fil SMAD4 [ IGFBP7 %3k, [A] I - &
P& E-cadherin T ¥4, [8] 58 FUbR 25 o °F 1 JJLNLS)
# M (a smooth muscle actin, « -SMA) I ¥ .
IGFBP7 0 i B vl DL TGF-31 75 5 19 L 5z [ ]
F0 TN ML FG AL R A AT 4R, X 5 IGFBPT #E AT
LR U Ab b Y S0 S5 SR — 37, 3K — B 2 DR
I 1) B A A Ak A E

Z¢ L ik, TIMP2 1 IGFBP7 #8 2 5 41 g 1) 3%
BEORIVJA T B, E 9 AR b A iR S T 5k
B O SRR BE ST . A TR R B 5T A -
(1) TIMP2 #1 IGFBP7 75 AKI 5| & 41 A J& 1 45 i vh
M E 5 (2) TIMP2 Al IGEBP7 S ] 198, dnfa] iz e
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Proteolytic cleavage

IGFBP7
1 Activin Actw‘m anld TGF-f
signaling
]nacti\ ation *
Source: IGFBP7 _| Insulin bi_nding
Liver %ynthe‘;m Binding to ‘ to Insulin-R Cellular
Kidney == Secrotion IGFBP7 senescence
Mammary glands = IGF-IR binding A :
3 IGI el —i sulin sign:
Skeletal muscle J to IGF-IR = Imn:g;l:ﬁ?:r:ng,
Acmatmn cancer

Retinoic acid
TGF-g

IGFBP7 is expressed in various tissues including liver, kidney,

Cellular adhesion and

ollagen [ .
ag transformation

mammary glands and skeletal muscle and is secreted into circulation. It can

bind to insulin, IGF-I, activin and type I\ collagen. Through binding to the ligands for insulin and IGF-I receptors, IGFBP7 shows an antagonist

effect to mitogenic signaling and induces senescence. It can also regulate the development of some glandular cells by binding to activin and cellular

adhesion/ transformation by binding to type IV collagen. IGFBP7 can be induced by retinoic acid and TGF-§ while reduced by proteolytic cleavage

involving a trypsin-like serine proteinase.

B 3

IGFBPTRI1ER S5iAT

Fig 3 The functions and regulation of IGFBP7

B JE 45845, BB A5 A 6 7 B8 A5 (3) BT TIMP2,
IGEBP7 2 M J& 191 40 i /42 i HL ] 3R 38 or fi 22 5
SR AR i A DR N o = i o i SR e 0 <]
By 748 5 %0 B 0 AN R AN [ R B AN [ S AL

U oy /N 38 S /NS A48 B 1A ) 12 T
£ZiE  TIMP2 fil IGFBP7 A& B I fe Z £ AEH
ML A 2%, 5 40 M 36 A8 AR T 1 6 R V) . 76 AKI

KR, ZH R R & B T, TIMP2
Al REIE A 456 o B S R AR AL HE p27 ! F il p21°Y
4 W . Wnt/B-catenin 3 # 55 AL ] 97 45 20 L JE 9T
IGFBP7 n] B8 o 5 IV Y e R 45 & 5 8 1 R BEAE
25 40 g 35 Bt @ 2 985 p21.p27 .ERK1/2 &
2540 M08 58 . PR 5 93 i mT g 2 i
B /NG TRz 20 M 43 b/ EE W ) e I R T R
£ AKI R 8 TIMP2 %5 IR e AR5 7
9 IGFBP7 W) B A W 76 4 #F 25 4k 1k 09 /E 1 .
TIMP2 5 IGFBP7 f£ 5 H i FDA W iE 9 1I IK AKI
HAARE Y, OF 98 HoAe AKLiS 72 b 59 28 W 24 Th B
XFAKI B FHI2 W Kb y7 B 248 5 X

1 & =k 7= BA
W R RS RAMEIT., M, E M
%’%MP%TO AAE, TR BRI FAEIT

MEmmRAER A EE YA EER S
Mo,
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