P L R
J. Fac. Sci.Tech.. Seikei Uniw.
Vol.49 No.2 (2012)pp .33-44

MELIFoEA20TAT7—EEOHREERADS DAEN - REMNER

TR

Functional interaction of a serum lectin with metalloproteases

Makoto HIRANO*

ABSTRACT: Mannan-binding protein (MBP) is a Ca>'-dependent lectin known as a host defense factor

involved in innate immunity, and recognizes mannose. fucose. and N-acetylglucosamine residues. The

biological responses of MBP to exogenous ligands have been studied extensively, however, little is known

about its role to endogenous ligands. We have identified meprins. matrix metalloproteases. as novel

endogenous MBP ligands in the renal proximal tubules of mouse. We found that the binding of MBP to

meprins resulted in significant decreases in the proteolytic and matrix-degrading activities, indicating that

MBP is an important regulator for the local modulation of meprin proteolytic activity. On the other hand.

focusing on the pathogenic role of the interaction of MBP with meprins, we clarified that. in an acute renal

failure caused by ischemia/reperfusion injury. the binding of MBP with meprins triggers the complement

activation on the renal proximal tubules through the lectin pathway.

Keywords :
complement activation

1. [ZLHIC

T, B b A7adar7 MLV 30 EEIZLE
L AEEERSINRES N, 0%, Y 7 EBE
— FT58ETEIH2 52T THY, YMEZLAT
Wik D BN RWZ EAH LMol Zhid
H T OBETFEEIZERETHY, AMEITIERICD
VBB TEMAREEALTND Z L2h5, LinL
INLOBEBETICE s Ta—REREF NI EDEL
X, BESENRC U @b, FREIEM L Vo o B RIEN
#RT, EREDTELTHETLILIICRS (1), T
7ebh, DNAZGFE L L CEEMN i 2% TESR
5HDNA, RNA, # U2 B bHReN LT I X i
HHORT LT, BEMEREMERZMAT I LIEIR

HEETH D, LihioT, MiRREMLZZ T I-RiES T
REERT B WHEAMIELEE BE

Department of Materials and Life Science, Faculty of Science
and Technology, Seikei University

e-mail: mhirano@st seikei.ac jp

mannan-binding protein. meprin. matrix metalloprotease. ischemia/reperfusion injury,

(Received September 14. 2012)

O E ZMHT 5 Z LIZAR Y ARRORE ZeilE
ThoHEFEZBND,

PEBATINIT L BABIREENDO—DTHY, b bMIF
TELEUNZEDI L, FPERDFERHAIMEZ TS L
bhTwg ) F, HRERISITONMRA L& OREFHERE
FRHTHIT ORI E T/ v 2 T U k=D Ale &%
FWERFEIZ L 0, BEEARASHL, REINERED
B i EMBIBIZIG L, £, BASOHERF: EOffx
TR SR B 545 Z LA Lz s hz,

FEB O & O HRIT SR EBIE L VWO B TRBLEh
ThY, INOOFWREMI L TWDLONR L2 F o LIE
IEN DR T Ch D, L 7T A ALFOR RS Btk
IZkY, EMBHrofks RoFICBWTEHEERY — VL
LTHWLRTWS, I, fir oWk, migPiz
RnEEh, Zhsid@r 7 LIiEEhTnvs, =
DI, Wi~ o+ 456 # 2 737 B (mannan-binding
protein: MBP) (X fRiE M ke & & 5| & Z 9% K4
KBHEETF- & LTbh, 208k v K e L THIE,
P, UA VAT E R A o0 M 2 i 8



BEEXZEIZHER S Vol.49 No.2(2012.12)
ZEBESNLTVDS 3.4, LrLadb, ThET B, LI, b hZIEL® LT BB IE P I
MBPOWNTEE Y 7 B (AEENICAEE L, MBP&HHE(E <GfTAHAZERHGMER>Z, MBPIZwY /—A,
HLEL5T) L€OEYFIERICET 2MmAITIZL FZa—R, N-TEFAZAaH I R
AETRBRTWRN T, AT, FEELICLVHSL THC DL 2 F o (CRIL 2 F ) ThD, bk
Mo ENMBPEREN Y Ao FEOMEERMEFO MBPiZ 31 kDa®HF 2= FpBRHEREA Y Tv—
EBTERY (5), IREEAIESE (6) SOV TR 5. THHMBPD F AL AEEZIZT I/ (N) R 6,
AT A M, Gly-Xaa-Yaa® k) 7 L v FEIH| O
2. MBFTVFUEESINDE (MBP) VIRLEELa7— 7 URBER, Fy 788 LT,
VR X R IZHERRT N A A4 (carbohydrate
MBPiE, ¥ /) —AfEEE T HHDW I~ recognition domain: CRD) A FETH, ZD L 57447
maLsFrebmansd, B~ 2EEfLE =y F3BTFREVAT A CHERICBWT, PALT 4
TIAL=TFA—=HTLICEY, THEMiEs»HH0H TH FiEEIZL VG L, MERM AT S, SbIT,
Monomer (31 kDa) Structural unit(90 kDa) Multimer (200-600 kDa)
N-terminus
Cys

Cysteine-rich region Cys

Collagen-like domain

Neck region

Carbohydrate
recognition domain

(R C-terminus

Figure 1. Structure of MBP.
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Figure 2. Three pathways for complement activation.



BRBXZEIZFHRARS

OHEHALANASR THA G, 3-6 fitfke LT, 2V
# v PG E b OEdROfE 2 T 5 (Fig. 1),
Zhiz kv, MBPIEAIIAREIZIFET DR 4 — v %
fERET D LAMREL e Y, MUEMFEREH AR L,
L 7 F 4% (Lectin Pathway) %4 L CHlifkR A2 iE (L
T35,

WM RS (Classical Pathway), 55 #%#%
(Alternative Pathway), L 7 F %% (Lectin Pathway) @
ZOORMBBFEET S (Fig. 2), i S8R Tl bR HiRE
GRS Clql O ERFIE &L, C4ABLT
C2 M BC3 IEREER TH H2CINbIIEA Sh D, 5 R

(PR TIXC3 L @Ry & OE O AIER A

E&binnd, LI FURBIZBOTIE, £FMBPR/AZ
FTUT, UANA, BHE, FEAWREOHRERIZE
T DB T — 2L TRA T3, Zhicky,
MBP L #5464 L CEET AMBPHA LY > FuF7—¢%
(MASPs) MEMEAL &4, C4 ZC4blThksfig L, #ifk
EMALA 27— RRIEZEI SR Z &b, WTh ok
IZBWNTHC3 OIEMALICIR L, Bfea) B2 M4 ik
FERRIC & B BMRIERC AT Y = AEl & =T, 0k
9 IREREEN D, MBPOANIE R 2 ROt L < b
RES AT &,

3. RIRITHITHMBPOWFEM 1 FOFIREFEE

E% 6 Wk BALBe/Cr~ 7 A D& flildian i BT 5
MBPOWNTEMEY v FOFEBGAi AR5 120, ©A4F
AL LIEMBPE AW TR EAEZIT 7z, ZOHT, ¥
2, W TIBEEIC BT DN Y T ROZEBUTEE
ENAholeh’, BREOIMRMER BT DI
IZIRERM BB SNz (Fig 3).

FIT, ZORBIZITAMBPONTEMEY H Rizik
HLUTHHERED =, ZONESEY o RERET 57

Vol.49 No.2(2012.12)

W, v A2 s B A R iniEER O —FThH D
NP-40 TH[{E(LTR, MBPT 7 f =F 4 —2 v 7T 7
4 —ZHWTE S ZEDTATEH Bis 2 >V TRt &
TOSDS-PAGE#{T\Y, CBBTHfa L7z, ZHizkY 83
kDa & 91 kDad(iriit (= FEAR2 RO /Sy RPBE ST,
ZD2ERDNAY FIZOWTHESIC L2 a7 4317
AT Z4T o2 & Z 5, 83 kDad)Ji3meprin ath 7=
> &, 91 kDa® J5A3meprin 7' = b L [EIE Shiz,

4. meprins

meprins 3 BE I BEGH A0 % 52 1 - E Rk Ak~ h U
vy AALAnTaTT—E (MMP) THY, BES/I05E
O EEHIRIZBWTEREICREL TE Y, FICFRoOT
(LIRABE R T RRICHFET DY R 2RO %%
HEHHZ ERMBATWA (7). £z, meprin®H§HEIE
REWH ST ER TN, RPOSRTF KEIEL
RMAEICBOTERREARLTWAE SIcofg+5,
fash= bV w7 REGL, OV ETY L TICFST
HIRENEZ SN TVWD (8), meprin BILMEH &8 2
2B THY, meprin ob WEREEKZH 58, EGHK
W T/ o7 a7 7 —81Z L Vinserted domain (I
domain) THIMr&h, HWELAiRs, EhZhoHt 7=
=y MAPANT 4 FIEBICLV REDZVE~T RS
A ~—%FKL (9.10), EHIZINALDF A v—HHE
ERT25Z LT 1-10 MDalc b B L SEXRE A nT7—
BHAKRL 2D (1),

~ 17 Ameprin = ON-BEEH MO R T ooy 4 b
T TlE 10 AT, PCIE9 MFTEET 5, £/, NASR
IZhriEd 5 7 a7 7 —EHRiciza, p& bITN-RIRT
MOERT e A RS 3 EAHFEEL, Zhb O
FEIEE X meprin D fBERAL & FEH 2V A0 E L
TW% (Fig. 4). E£7=, meprin O IEATIZ LR 2

Figure 3. The detection of endogenous MBP ligands in mouse kidney. The cryosections of 6-week-male BALBc/Cr mouse tissues
were stained with biotinylated human MBP. The sections were stained by an indirect peroxidase technique with 3,3'-diaminobenzidine
(DAB) as a chromogenic substrate and counterstained with hematoxylin. (A) kidney, (B) renal cortex, and (C) renal medulla. Scale
bars, 200 um and 50 pm for (A) and (B, C), respectively.
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Figure 4. Schematic diagrams of the domain structure of mouse
meprin o and B. S, N-terminal signal peptide; P, prosequence;
Protease, catalytic domain; MAM, meprin AS protein tyrosine
phosphatase 1 domain; MATH, meprin-and-TRAF-homology domain;
AM, after MATH domain; |, inserted domain; EGF, epidermal growth
factor-like domain; TM, C-terminal transmembrane region; C,

cytoplasmic region; Y, potential N-glycosylation site.
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Figure 5. The effect of MBP on the proteolytic activity of
meprins. The purified meprins were preincubated without or
with 1.1 or 2.2 pg MBP at room temperature for 1 h before the
addition of casein as a substrate. Reactions were performed in a
total volume of 20 pL at 37°C for 6 h. The reaction was
terminated by the addition of 10 mM EDTA, and samples
subjected to electrophoresis on a 15% non-reducing SDS-PAGE
gel. Proteins were visualized with CBB. For control lane 1,
casein was incubated without meprins; lane 2, meprins treated
without MBP; lane 3, meprins treated with MBP; lane 4, meprins
treated with 2 times MBP.
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Figure 6. Inhibitory mechanism of MBP on the proteolytic
activity of meprins for (A) larger substrate and (B) smaller
substrate.
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Figure 7. Hypothetical model of function of MBP-meprins interaction for the migration of cancer cells.
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Figure 8. Main categories of acute renal failure.
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Figure 9. Localization of S-MBP and meprin  in renal I/R-operated
mouse kidney. Representative kidney paraffin sections (10 pym) were
harvested following renal I/R (reperfused for 6 h) and stained with both
anti-meprin b and anti-S-MBP antibodies. Cortical and medullary regions
are indicated with double arrows in A and G. (A) Meprin § (red) was
localized strictly in the cortex. (G) Meprin [} was localized not only in the
cortex but also in the medulla. (B) S-MBP (green) was not detected. (H)
S-MBP massively deposited in the cortex and, in addition, S-MBP was
weakly detected in the medulla (H). (C) Overlay image of A with B. (I)
Qverlay image of G with H shows that S-MBP is colocalized with meprin
mostly in the cortex. (D and J) Nomarski microphotographs of A-C and
G-H, respectively. (E, K, F, and L) Higher magnification views of cortical
regions of C and |, and medullary regions of C and |, respectively.
Arrowheads and arrows indicate the brush border membranes (BB) and
the basolateral membranes (BM) of the proximal tubules, respectively. (E)
Meprin b was strictly localized on the brush border membrane of the
proximal tubules, but S-MBP was not detected. (K) The brush border
membranes of the proximal tubules changed morphologically. S-MBP
was partially colocalized with meprin B on the base of the brush border
membrane of the proximal tubules. (F) Neither S-MBP nor meprin [} were
detected. (L) S-MBP was partially colocalized with meprin 3. Bars, 100
pm.
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Figure 10. Localization of C3b and meprin p in renal I/R-operated
mouse kidney. Representative kidney paraffin sections (10 pym)
were harvested following renal I/R (reperfused for 6 h) and stained
with both anti-meprin  and anti-C3b antibodies. Cortical and
medullary regions are indicated with double arrows in A and G. (A)
Anti-meprin [ (red) strictly stained the cortex. (G) Anti-meprin
stained not only the cortex but also the medulla. (B) C3b (green) was
not detected. (H) C3b was detected abundantly in the cortex and
weakly in the medulla. (C) Overlay image of A with B. (I) Overlay
image of G with H shows that C3b is colocalized with meprin b
mostly in the cortex. (D and J) Nomarski microphotographs of A-C
and G-H, respectively. (E, K, F, and L) Higher magnification views of
cortical regions of C and |, and medullary regions of C and |,
respectively. Arrowheads and arrows indicate the brush border
membranes (BB) and the basolateral membranes (BM) of the
proximal tubules, respectively. (E) Meprin [ was strictly localized on
the brush border membrane of the proximal tubules. No signals of
C3b were detected. (K) C3b was colocalized with meprin 8 mostly on
the base of the brush border membrane of the proximal tubules. (F)
Neither C3b nor meprin [} were detected. (L) C3b was partially
colocalized with meprin . Bars, 100 pm.

12. BBEETIAIIRABRICEITEMBPL
meprins & DEE A

[RE 7 /b~ 17 A 4511 5 S-MBP & meprins & D4
HAEM % in vivo CIEGET 5 728, in situ proximity ligation
assay {77z (Fig. 11A), ZOhkiE, & bins 2 il
BoOPUERE VT, TR0 40 nmPANOTF I A (E
T5HIEERMERG R E, HDHWIE, RN TS5 =
LMRTELFETHD 30), ZZTiE, w7 ABEBIH
EIZ T, @ oRiiiie & Rk, S-MBPE LU
meprin BIZ X35 —RPUEE BUS S, (+) 8, HH 0,

() HOA Y TR 7 LAF PRS- ki z K
IG &7z (Fig. 11A-a), 75 &, ENENDF 378 N
BT 28600, RbURICER S =AY =
RTUAFFRAATY A AL, HEOA) TR 7 L
AF REBRT S (Fig 11A-b), Z IR T FA
v —EDNARY ATF—EZEML, 4 Fa—FT3
L, A IR LAF FEHE L3 5PCREYH

corex BN conax

8
i «~BM

Fahd (Fig 11A-), = ::.:PCRFFEW#-.’F.&%;’#Jfj:ﬂi’)'t-/ I
—7ERENTAH LT, B Z N Y -??-.fu){-'n HAEM 240
g bTcaf 7t LT, mHTAZENTREE RS

(Fig. 11A-d), AJEIZ LD, sham~ 7 A Tl%, S-MBP&
meprin B& OHANER A RTI0OE 7 it ashn
ofehy, —k, IRw 7 AR TIE, IEALRME R
fa o RlF#2i231 T, S-MBP &meprin PAMHIIER LT
WD Z EAB ST (Fig 11B), S-MBP & meprin o
THREROBRBELNE, U EORENS, Ry T A
Bz 350 T, S-MBP & meprins/Z3fHAEH LT
BaREh, ZhooMEMEMIZLY, ﬁhf’l\’;ﬁ-’:/ﬁ"-}?}'l“.ii{tﬁ
A Z EHRE ST

medulla
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Tex613-labeled probe

RCA product

Figure 11. Interaction of S-MBP with meprins in I/R-operated mouse
kidney. (A) Diagrams of the principle of in situ proximity ligation assay.
(a) S-MBP and meprin are recognized by specific primary antibodies.
Subsequently, the primary antibodies are probed with respective
secondary antibodies conjugated with oligonucleotide (Plus or Minus
chain). (b) When S-MBP and meprin are within 40 nm in proximity,
oligonucleotides will hybridize each other to form a circular
oligonucleotide. (c) A DNA polymerase will generate a rolling-circle
amplification (RCA) product. (d) RCA product will be hybridized to
Tex613 fluorophore-labeled probe. The fluorescent signals indicate the
proximity of S-MBP and meprin in situ. (B) Interaction of S-MBP with
meprin [ on in situ proximity analysis. Representative kidney paraffin
sections (10 mm) were harvested following renal I/R (reperfused for 6
h). I/R-operated and sham-operated mouse kidneys were used for the in
situ proximity assay. The Tex613 signals indicate in situ interaction
between S-MBP and meprin 5. The right boxes show Nomarski images
of the kidney sections in the left boxes. Arrows indicate the apical
surface of the proximal tubules. Bars, 25 pm.
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