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Abstract

Lcn2 is a member of the lipocalin family and has been well known as an acute
phase protein. Several evidences showed that Lcn2 is a multi-function protein,
participating in such as immunity, apoptosis, ion transport, cell differenciation and
proliferation. It may also be related to the occurrence of diseases. Subsequently, it has
been found that the expression of Lcn2 gene triggered embryonic kidney development.
The finding encourages us to characterize the Lcn2 expression in zebrafish and mice,
and look for an animal model to elucidate the biological function of Lcn2. The mRNA
level of Lcn2 in tissue distribution and-stage profile ofiembryos in zebrafish and mice
were analyzed by RT-PCR and .é:é'al-time PCR. " Western blotting and
immunohistochemical staining hav:e perfo.rr-med for protein assay. The data showed
that Lcn2 gene expression initiated=in 10 hpf erﬁbryo and sustained till 72 hpf.
Furthermore, with a mouse brain model, Lcn2 expressed in E10.5, decreased
significantly in E16.5 but regained in E18.5, and expressed persistently in the mature
mice. The results of immunoprecipitation and Western blotting technique coincided
with the mRNA levels in these periods. Unfortunately, we did not find a significant
protein expression in between the each stage of embryonic development, and neither

in immunohistochemistry analysis. The data revealed that Lcn2 gene expressed in low

level during the mouse brain development.



24p3R: 24p3 receptor

APR: acute phase response

APS: ammonium peroxodisulfate

BCP: bromochlopropane

BSA: bovine serum albumin

cDNA: complementary deoxyribonucleic acid

Ct: threshold cycle

DAB: 3,3,-diaminobenzidine

DTT: 1,4-DL-Dithiothreitol "

EF1-a: elongation factor 1-a

EMT: epithelial to mesenchymal transition

ErbB2: Human Epidermal growth factor Receptor 2

EtBr: Ethidium Bromide

GAPDH: glyceraldehydes-3-phosphate dehydrogenase

hpf: hours post fertilization

IHC: immunohistochemistry

IL-3: interleukin 3

IL-8: interleukin 8



IP: immunoprecipitation

I/R: ischemia-reperfusion

Lcn2: lipocalin 2

LPS: lipopolysaccharide

MCP-1: monocyte chemoattractant protein 1

MMLV: moloney murine leukemia virus

MMP9: matrix metalloproteinase 9

MMTYV: mouse mammary tumor virus

MRNA: messenger ribonucleic acid

NGAL.: neutrophil gelatinase<associated Ti@q_calin
1 -

NF-xB: nuclear factor kB

PBS: Phosphate buffered sali:ne

PCR: polymerase chain reaction

PDK-1: phosphoinositide-dependent kinase 1

gPCR: quantitative polymerase chain reaction

RT-PCR: reverse transcription polymerase chain reaction

SDS: sodium dodecyl sulfate

SV-40: simian virus 40

TBE: Tris/Borate/EDTA



TNF-a: tumor necrosis factor o

TSSK: testis specific serine/threonine kinase
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RTase Iul
RNA + RNase-free water 14. 5pl
Total volume 25pl

3TCF 1] p% » #-cDNA i 73-20C

~ R épra gy F R PCR (polymerase chain reaction)

(D

[&E]
RE LR @t‘Apml

by oy (e L2l
#-75~100ng 2. cDNA £2 72 ™ ZE&|4& BB vl GJR &
2X Taq Polymerase Master Mix Red 10pl
Primer forward 2uM Iul
Primer reverse 2uM Iul
cDNA + water 8ul
Total volume 20ul
F s 4o

11



Steps Temperature Time Cycles
Initiation 94°C 10 min 1 cycle
Denaturation 94°C 30 sec 28~35 cycles
Annealing 58~60°C 30 sec 28~35 cycles
Extension 72°C I min 28~35 cycles
Final extension | 72°C 10 min 1 cycle

i * 2_ primer % L4k o

2 TR EROFREF L (Quanﬂt_itative Real-time PCR)

(2]
Power SYBR Green PCR Master Mix GApplied Biosystems, Cat.# 4367659)
[%%] =
| |1-

Applied Biosystems 7300 | 5

(=]

1. #v» SYBR Green PCR Master 10ul > 5ng cDNA £ 100nM 7 primer » & {s ¥
A & 20pl -

2. 95°C 10~ 48> 216 =38:95C 164 > 60°C 30 #) - 7T2°C ~ 48 - £4F 40
Bk -

3. WHETE
ACt=Ct (£ #]) -Ct (actin)
AACt=ACt (F =) -ACt (F41%&)

t¥t4 mE (relative expression) =2 **

12



i@ * 2_ primer % Ltk o

;‘Eﬁ}éﬁﬁﬁ

[:&4]]

RIPA lysis buffer (50mM Tris-HCL, 1% DOC, 1% Triton X-100, 0.1% SDS, 150
mM NaCl pH 7.4, 4°C)

Protease inhibitor cocktail tablets (Roche, Cat.# 11 679 498 001)

[&%]
Tissuelyser I (Qiagen) .
A <
& %
£.. P,
[:2] g "'1._"'i | IU_,-J _
I #-l iz e b ﬁ% RIPA lysi > i 4¢» X protease inhibitor
cocktail tabletb’—"’ T; '- oy .-;
.*I-..,‘-
2. < 12000 g - 4c mu» . j ,é%.fzb“‘c
i ﬂt* y ___
-5 ) al'ill
3, kv Fad (P1erce 660nm F ﬁﬁ*f’é’é % %_;? No
1-? Y i e i|‘ o

~ ~Pierce 660 nm F=v F &2

A
Pierce 660 nm protein assay reagent (thermo scientific Lot # JK127961)

Bovine serum albumin (BSA) (Sigma, Cat.#A7888)

®RE

ELX 808 ultra microplate reader

13



1. 2 Oug~2ug ~4pg ~8ug ~10pg BSA 2> 10ul #s T &% -

0. d R R B A AT Tpl st Ol fk o

3. * F kA e BSA 222 B Btk A L 4~ 150pl o Pierce 660 nm protein
assay reagent ® F & D & 4 o

4. # * microplate reader B|¥x k& 660 nm °

5. % 7 k& BSA chficiE A R W S (standard curve) b BF SR A 2

B By REF I RER -

1~ Fak AP E—i&’ii‘v”? e -(SDS-Polyacrylamide gel

electrophoresis) T

1l M

1l = |
[41) A 1

40% Acrylamide/Bis—acrylamide-solution(29-11) (LAMDA Biotech., Cat.#
A107-1) 7

Ammonium Persulfate (APS) (Merck, Cat.#1.01201)

Sodium Dodecyl Sulfate (SDS) (Sigma, Cat.#4390)

4X Resolving Gel Buffer Solution (BIONOVAS., Lot.#9A0508)

4X Stacking Gel Buffer Solution (BIONOVAS., Lot.#9A0212)

10X TG-SDS Buffer (AMRESCO®, Cat.# 0783)

[+

1. HBL R ER S I RIS AR R o X RA -

14



CFRECERET R R B AERENERF IR RS G R
R F 18 ok ] )

L RBRESRE DAY REDG A EYEY LB B A AR
EREEG > YRR PR S P BT BENTANRY o 4o 1X SDS
TAEEERE T AN o

MR PR A B A E BRI L > O5C AR D A4 o

TR 120 REEFT A o

5ml » 15% < & 48

B 4§' ;
il l
- 2 , J‘r'\-\.‘-
-k & )
B
40% acrylamide solution
1
=]

4X 9 8, |

10% APS 3,

oml 5 5% & A

=2

= =K

40% acrylamide solution

4X % ek

10% APS

+ ~ & > %2 (western blotting)




(4]
PBST (3.2 mM Na:HPOs;, 0.5 mM KH:PO:, 1.3 mM KC1, 135 mM NaCl, 0.05% Tween
20, pH 7.4)
Transfer buffer (25 mM Tris-HCI, pH 8.3, 192 mM glycine, 20% methanol)
Blocking buffer : 3% BSA in PBST
Hybond-C extra (Amersham Bioscience, Cat.# RPN303E)
Rabbit anti-mouse Lcn2 antibody 1:5000
Rabbit anti-mouse GAPDH antibody 1:5000 (Abcam, lot.# 808033)

Anti-rabbit IgG, HRP-linked antibody 1:10000 (Cell signaling, #7074)

[&%]
Kodak X-OMAT 2000

LV FX7 image system (=i
= |
| | q;
1| = |

LR ds > ot vpimsg b

2. Mg A2 Ay T AR R e Y B KA e

LR
3. M B L EEREr IR g o I TRET R A4 CHE16-] pF o
4, @SR is > Biger g e fp s 5% ( blocking buffer) ¥ » & - |
pE o

D, B2 R 0 A 2 AOVIEIRE R 2. - &Pl 0 A 4CF BL6/) PF o

6. rPBST#Fiktker i » 3

L

~c.

T, Av » BVEIRSERRZ - Bkl 0 2R TR R PF

8. MPBST#ieferih » T Fk== > & 10448

~

16



9. ™ECLE ¢ o

L - v LA wkk# (immunoprecipitation)
[##]

Protein A-agarose macrobeads (Sigma, Cat.#1925)
10X PBS (UniRegion Bio-Tech, Lot.# PBS001-5)

Protease inhibitor cocktail tablets (Roche, Cat.# 11 679 498 001)

(=]
I B~ & BB g A60ug te » B pdRAIAIGS 0 4 01X PBS 3 W4
% 300pl -

2. 3 10u1 protein A Bedds 4 j9 % 4 figs PRk & o & i | -

3. 12 3000rpm At 14 db p w5 L %%p |

4. P~ 20ul shprotein A-beads !! {1 Pﬁg}%%”o @rexfA ke 9 oo

5. B 3ug fh— BopuRl e X9RL ,4’: .brotein Al Be__ads kA v B¢ o T ATCK
B 16 ) p o

6. 4 3000rpm 4t 1 4 4h > 4% 1 it -

7. %9 Tehbeads dr » A EER > 1 BCH D Adm > BHFREFTA -

[:#3]
Ethanol absolute (SIGMA-ALDRICH®, Lot.# SZE93060)
Xylene (J.T.baker, Cat.# 9490-03)

Paraplast Plus* Tissue Embedding Medium (Kendall, Tyco Healthcare, Cat. #

17



8899-502004 )
Silane-Prep Slides (Sigma, Cat.# S4651-T72EA)

[RZF]
e 4% (Microm, HM 360)
7 F Rk (Medax, 31479)

[=:2]

I BT ene BT R TR Y Bl > R RCORINR

80% spy 1) F%_{,;:::1;]_@;'57.{&1-3?5‘!@!& 7

a . o

A7 B0%FpH

90% i

T #7 90%:FpH

100%:E 7

L AT e,
T,
i

100%:F

i,

ok Ao R FEMRET dnm g
e - P
o el ik

2. P

Xylene 1] p*

{ #7 xylene 2 ] P

3. RigiFHMye @

65°C ¢ % i, 2] pE

AT 65°C ¢ B 2] P

etk R 3 ORTHL (S04 AT A B

18



4, B HE R FE AR o B AR R Y 5-Tun o 80 %3 40~44°C
2R R o R T o
5. @ P PR B AC T RET A P b i § o RpRE P oangl B 42°C

T kA RS2 % o
Lz~ Ag et F4 42 (inmunohistochemistry)

[##]

Ethanol absolute (SIGMA-ALDRICH®, Lot.# SZE93060)

Xylene (J.T.baker, Cat.# 9490—03) -

Harris hematoxylin solution, medifidied "GSTGMA-ALDEICH, Lot. # 116K4353)
10X PBS (UniRegion Bie-Tech, Koty # PBS0QI-5A9" "

e
-
=

PBST (3.2 mM Na:HPQs, 0.5 mM KHJKﬂ:jiéﬁng KC1, /135 mM NaCl, 0.05% Tween
20, pll 7.4) 1 i\
Blocking buffer : 3% BSAinéBST

30% H:0: (Merck, Cat. # 1.07210.1000)
3, 3, -DIAMINOBENZIDINE (DAB) (SIGMA, Lot. # 91H3682)

Acetone (J.T. Baker, Lot.# H10B06)

Rabbit anti-mouse Lcn2 antibody 1:50

Anti-rabbit IgG, HRP-linked antibody 1:200 (Cell signaling, #7074)

Silane-Prep Slides(SIGMA-ALDEICH, Lot. #116k4370)

[&%]
B F e # E (Boekel, 24000)

AR d B (Olympus, DPT1)

19



[=]
1. %‘Eé'xf-‘]"!l}*)' Soihgh B AU RE o

2. #5—.?:&?7%‘2*7 Syt o v gD el 30 A48 o

3. f-k (rehydration) # 2 & ®[iz & /& 12 100% ~ 90% ~ 80% ~ 70% ~ 50% ~ 30%

21 10%FipEpE & AT 10 A 48> £ 002 FokEgEA 0 A 10 Ao
4. 11-20C[ e SZ 5 4~ 48
5. = FRRJL5 44
6. 17 1%EF ke PBS g2 20 # 48 > ¥ U PBS e = = o & =0 5 A4 e

T, VLR e AR K | Jr%, ﬂ:ﬁijff ety

] -3 =,
L-,v g ¥,

8. 1 PBST i# 7 EIR I —"- ‘!5? '_,5’»47\ . %, "_xd__;
y S
9. 12 1:50 v ﬂf_/& = %&”4@;1@16 P
] Ay \
N RPN I — . Wy
pd ) : -

14. ki 5 90 45 « 4 f,r “ i

15. & * gk~ % (hematoxylin) % ¢ X5 4y » £ ki 15 ~ 48 -
16. iz 7 12 80% ~ 90% ~ 100%Fpd s -kie &= 2 ¥ 5 5> & - H3FH 104

1T M ERAFOPBS & H W L AR &2 RMEEFHT > U RERFT R -

20



=% 2%

Len2 A Ftsah 4 & 2R Y chi R

50 B fE Len2 fsaB oo goend IR o AP EL% Len2 comRNA A g RY
LEBA ) o A B0 B AR A dpa B g s s L
B R R TR R ) PR B R L BT BB B R
RNA > i& 7 RT-PCR (* @4 R & v 4f F ) BL% Len2 2 mRNA 2 & > 11 &
‘® 3% GAPDH - mRNA # 3£ i s P FR5HRR (internal control ) %% FHE A 2 4

g h P > Len2 chmRNA AR08 5 AR hA R E o o MR [ e s

73)%3

1

F Len2 smRNA # §85 5030 0P8 F RSB ~ F s s A R B

"ﬂ

£ BT 904 B 0 OFl- Yol 7 bonddk T A nn S s i
¢RI AT o

o2 |
Len2 A Flis s 492203 l\a'ﬁ#?ﬂ *‘h% .

T G HPRIAE T AR i %m72 gl Eﬁwgs" TR (42) Tt AL
Yo B £ 415 2] B 5 ) B 10 PEA18 o) PER24 JpF 48 o pE e 72 ] pF (hpf)
E7 pEdp 2925650 Bo X B~H RNAV:E 7 RT-PCR #L% Len2 22 mRNA 2 € -
d *% GAPDH /2758 ¥ R P £ RE 7 — > Flpt o L 2 7n 2 EFl-a 75 p
REEPE o R F M Len2 A F AL M8 10 ) Prevars A b b o 18 hpf (48
P PER) R IREAPECT 10 hpf EApH#i<a> 24 hpf 2R E { ™ > j& 48 hpf
3 72 hpf 9 len2 # EREEFPHFRAFLF > 2 hpf 2 5 hpf Pl A% R Len2 A&
Flenk 3 (B = ) e 10hpf 925k L R %5 %27) = (gastrulation ) B 4-%8 &
(somite) e a ~ £ NI~ BE A, 28 fgad o 7 > HY g d P ERE P &
R4 T e (42) 3R] Len2 04 RV G B8 RNt b BE A 3N s K
#F5 3 M oLen2 & 24 hpf 3] 72 hpf en& MEEF bt =2 > 27 LB &b ¥

21



e is o Len2 VA dF i oo

Fe B len2 R F A S RABE A EERUE D PR d RR
FPEE-HBEATLROH LS E PP E T R T i R
A0 MAH AT LT T e f g Len2 Fv bkl 0 TRl AT R R ARG

g

BAEL 5SS R (nouse) 75 WA S b R Fie- H R HBFT -

Len2 & i) RE B3¢ thk R
PR Lon2 AR ) BB A PRE Lon2 STnRNA &) B &

B IS o M Fen D | B A | BTG R PR R TR

/J~ ’?% \l“é’—’;% N H%’Uﬁ N &JL ~ %Iji N féﬁ%{{é’-i \_Iﬁpfg: \ﬁ%lﬁ[ﬂrg \—;- "(:;:" \—;-’ggﬁlf_?

5

% 91 RNA > 18 FRT-PCR - (Vi 4 %"\rﬁ@&éﬁ M) % Len2

T oy 8 E B
B’» 719_’:'_3&‘?‘

“:ﬂ

Z mRNA # 78 > 1 & ‘s,ﬂ_?‘« B—actm; ¢ mRNA # R B G PIRE R (internal
control ) o % # M a1 | & m%,iﬁ;,ﬁ”"? % P len2 A3E - 2

FIFTUEEIS oy ,if Bk B 5 - own g o

b=}

“Pg et @ Len2 2 M E ’éJ Y PS4 ) " o féﬁﬁ“%iﬁ”%’ REXB

fé N
o S ek 3 op g e RO JuplBRasilon? S &) B a5

-H'
N

R
it

B BRI Len2 2T HARane AL G Len2 A F1& R

VR A I L LA

N\

Bz ) % 8om Len2 AF &) B msd m g Bilai

Len2 2 Fl fr) B2 7 e P dlp Ppdfend 3R

1409 Len2 &bk mre 4 (atrocytosis) PFg AR (40) ¥ d 2t 4
A5 P %Y F M Len2 A F1 & 10 hpf chsef £ 9270 § AT 2 PRGN B 4%
ol P F &Y A FR Len2 AR R 5 AR FAPE E

f& Len2 e A F » o] Blani Pagdng v 3 B e
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577 f2 Len2 AT AT e PEHR ] BUSAAA RGN TLIFA) 0 A 9 R R e
MB~T > 2 B-H RNA > i {7 RT-PCR R pLip| Len2 &) B2 P5%538 mRNA & L E &h
AL o R 2 5 20 % 0 ) Bd fRdd 5 v ACEIS10 (RE 8 %

%) B4 (43)e 28 E9.5 & £_E10. 5 enggfnzb i env| » @2 B 7 ¢ enigdn o
AT 218 R B B PP PR IRIT L OB gt % 0 Bt F & P4 BB E14.5
E16.5~E18.5~D0 (14 %) &2 D2 (N4a %) SRR %P~ RNA {83
7 RT-PCR~ % % % . Len2 A F1 & E14.5 pPFR 4575 £ 3R> E18.5~D0 & D2 =%
0w R T Len2 A FlenA R 0 e & B16.5 % ehpFiz 2 B frae (Wle ) -

EFAPi*r E14.5-E16.5~E18.5~D0 ~ D2 & = 34 -] Bl en?g¥R 0 cDNA &
7 Ap 3t PCR { 5 #& ac«h7r pF 2.8 PCR iﬁ,«ﬁ‘ JLen? ## F pFEEp cmRNA £ L E
I E16.5 "o @ Len2 éq%\ﬁl&r? 7 5 El4 2:E18.5~D0 & D2 -

72 E14.5 ® ek E & Lo B s E16 3 Z\’Iﬁa! "E18.5 ~D0~D2 &2 E14.5 2
FREFLIE L L *%Jﬂm"KRMéﬂ%m BRI (BT )
% Z EBle RT-PCR 2% % v= &0 % . émziﬂ E16. 5 siainfp st B s
eiarin o 55 R g ! LMQ;%”#’Lm2§JWP$%J Bl e 3n

FIER S o

Len2 -9 &) 927257 e PrEp PgdRend IR

#or e F5d RT-PCR £ Frps % & PCR ~ 47 7 fi# Len2 A F140mRNA 2 38 - e
g4 72 N A H A5 0RNA - 2 F 30 T A AT F LR D Fo
TP R F ARG o FltF B Len2 AT b P S NGINE R
v BAME o fk E10.5 Eg#% > E14.5~E15.5~E16.5~E17.5 ~E18.5~ D0 £
D2 er#gR o 10 & B6. 5 R B S Pn 8t A | BlenigRto o B KPR le Mehked B
TEEFTALET S LB (western blotting) X% Len2 v Feni M o
SGd @ > BERAPL G P2 EPIT] Len2 &7 B Ra P RedRend o JERE T S
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7

~

Len2 39 ¥ av 7 2 EF T/ HHEBRIVARARIT v X MEZ T
W ogE oy orm R o Fl i - o I % Len2 4R A R TR HOF
(immunoprecipitation - IP) #-je 5k » 3¢ F @ hlcn2 F-v R F 471817 A
grg > BB AT Len2 3d AR B LR > XU L w RS GAPDH 2R E 5 AR
35 Len2 e E o B EF I EG. 5 92rs Len2 3¢ AR EEF 0 2 E10.5
hEg 3% 0 E14.5~ E15.4 ~ E16.5 ~ E17.5 ~ E18.5 ~ D0 & D2 e@ut 38+ 12 pLip] 3

Len2 39 h& 3R > E10.5 % chgg% ~ E14.5 & E15.5 «7%%#% Len2 39 2 IR
= #3170 E16.5 v A ME F 5 E14.5 950% =+ » E17.5 hlen2 # M E & 7|
B 42% E18.5 cnk REX L AW HFE EI4AL L7 S endRE > A F X
thi L2 BI85 S > N4 @R elen2 FME s 2 T AR RN
MERE LA 5T LHN B A R %?ﬁz:’r?%i%%ﬂdi%;ﬂ#ﬁﬁ IR
BB BRI G B (w BTG, 5 gk Ien2 z\IFL B aHER R o Ao
e aRNA hA R E e & (R 0 l%‘li,?sf—'fl—*%:'ﬁ.‘f@*% e F & L 8- ¥ h7 % Len?
SR e T RER q“r!:}%\«;?-ff:; 4 | )‘[‘w» B0 E iz g P Len2

P G RPELEUE e A A

Len2 39 &7 b PHf 275 i8R Rt §
57 f% Len2 39 7 P pEdp s gIN A Reni B o I LenZ PR T AR
A ¢ F % (immunohistochemistry > [HC)- £ #-27 E14.5~E16.5~E18.5
2 D0 &7 PP IARS RGN Y T FERE EIR Y o Jd Mok s R~ PR
wEr F (Tum) » R4 9P k9 Len2:87% 4 - 2% AP m 2 7] Len2
B B Rl GIRniE - F NG AR (Bl )42 Len2 39 A RE

B LB PRI T AR R K0 P B AR A I e
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¥ri e

% Yang et al. %7 3 ¢ B IR Len2 422 0 sl eanTRE v (38039) ¢

Len2 g im®2 = (apoptosis) e 4 (16-19]) 3 ¥ a0 € 138 7 &2 & (42
38 f7+4] (population control) 5 B > #R@ P w c7f7 3 3% Len2 &8

BISBET 2R RFEEE S A G R A Len2 E8 T Bl v
IRt e

AL F&KADRHF S TS HS S (animal model ) zaf 4 & 5 B
ST LR 0 P o g Y ek (T2 ) PR RERER R WSS A
By T B AR N 80 - 5 142 Lnd GRCEE T T Rl i
Fop LBE% Len E}rﬂ e U e ek fB’%‘ii;—ﬁmRNA 3 IE %% 3R Len2
e T & 4\§%ﬁ%émb“ﬁﬁ&émiiﬁu | Lcn2 mér] Bept 4 I
A% AR 0 AL R S R ﬁ"fﬂ'ﬁf "?’3? [\Lcn2 2L F1&sa § 4 F e 24
REEEZE > EF R a_#mﬁLﬂ‘ﬁ%;@é'* Ak EaJF'&mz?L;“l #rik e d 3t Len2

1 ,

¢ g s (165192 mﬁ% B 7 § 53 smee = AT > Len?
AF gy Py e k- 3 MRAIEE - HaileBm T2 B nml & %5 ic
s P nlen2 7 oM Len2 b bR BT .E'_%‘« ek AT E B anE gy 2 S
F1m 5 R Avo

ME A AR ABEERFER D 28 (blastula 2 hpf)~ &% &
(gastrula > bhpf)~ ~ &3 (segmentation > 10 hpf) ~ *FE%# (pharyngula -
24 hpf ) ~ “mi- ¥ (hatching > 48 hpf ) 224 ¥ 22 484 (early larva » 72 hpf ) >
T2 PP in iy =3 (42) GFL'Hl= ) o =07 % & 10 hpf % s R
Len2 A 71 44 30 » ¥ F £ 03 72 hpf o 10 hpf 9225 &a A &8 > 2 pF R
BN A A R 0 B AR & (somite) chPS R s B B 210 fpad B ALE T

Fltdap) Len2 end RV G0 2 P IR B v T F M oo b - Jaiplgr ) 4T
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2 %% AP L T Ba? fRdd 500 B9.5-10.5 BT (43) F %P T
B
9 fT T R BT M PRGN T Len e a0 R M 2

3]

3 BE10.5 PFep cr2 P50 5 Len2 $-9 ch& o 230 E16.5~E17.5 B% 3

) B v A E16.5 PF o k1% (nucleus accumbens )~ ik fm e (tufted
cells) &+ 38¢4 X § (isles of Calleja) & 4 53 2 (neurogenesis)
g d gy (43)0 A EIT.5 P 5w g A F A (cortical layer IV) k4 53
4 B > 9599k (Corpus callosum) ~ Bt pE (44 0 45) - Jaip] Len2 £
R AP D T A B RIS T RSTAH R A DG Mo 50 Rk e
et fi ARt Len2 (hEARE o ed M A AR R FLI HFHT LT
BLET Len2 £ Baniz ¥ > B Lcn2 “Fﬂ'}’ﬁ\ Ceh PR FEF o

% Vinuesa E, et al. <%= 7 2. &%"%&é:’n BRALEFT NP v
(early reperfusion )B%%f %}E&Lg_nz < £ %;_mszcn_Zév’vs% % 24p3R £ megalin
F AT FIS 5 QL PE e < g Lcrr_fgithéﬁﬁﬂﬂ*m%\ BRI e 24p3R

|| == |
2 megalin #r~ & 23R > B?;'.Sm)?l? ’—?@i [|3:7]° 7 Len? § FlH £ Bend
%Fﬁﬁﬂkmﬁﬁﬂm@ﬁ{%@;%%ﬁﬁm%ﬂﬁﬁ$ﬁ%$m§%%
HFEY oA R AT PR PIR Y negalin PAFS 3 Al B Foat
PradRend B Z B kFT e iRt Len ) B nig3n 4 AT E B st s SR o

Bdk st #44 (immunohistochemistry » IHC) i Zts » &2 B
%3] Len2 39 @ ®Iniend o4aip Len2 f? b i fndp ehfndn 4 L H i
o @ UL R E R FEP > 2V MER L P AT S £ BF (western
blotting) F¥ » & Jf & d d & ik (immunoprecipitation) ® & Len2 39
47 BELBIT Len2 30 & 2 Pep etk I o

e E b g BT o AP A %%'E‘ BLZ mRNA 27 I Sa s dp cnd R 4R
Len2 v it 282 e 7 i A% > w m 2 BRI Len2 A F& E 30 chA L2 g o A F

SEF AT Y g A1 Rz s Fike (in situ hybridization) & 1] zTSSK
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(5 g ¥4 & - PUORMRBRF ) AR hms 43 Fredh i Bizg
otk e ;U VRt P Len2 chA F g 47 R chdk G ]
AEFURNT G A Len? Bv Ul TV EFARERCFLI 0 KR
ZLlen2 3o i ME o v Akie- B Len2 2305 AP T R
IR B e (73 0E o

A ke (astrocytes) f? fo#d (G A XA Ao RRBER S FRFTF
BRIl R w e o b FRA SR TG F NG B LE P AR
fmfe g EIVH A Tk e i A (T (4] )o@ Len2 ffednend P € i &Rk
wre {4 (astrocytosis) g7 (40) &R &AmA s Len2 - A&
v ni % (78] %77 Len2 ’éﬂ-’({%%"e’v”’% v ie &P R4 S HERR
SR ot Mo s R R Akt g TR 2 I R T £ 4
Len2 &9 £ el & o ;gi? Lcn2§ﬂﬁvz\g_mRNA 31&_%\ R R AR 1 B SR S
RGN M b B i K| L % ] R Len2 4 7]

*"l"," l

FOmRNA TR f S e IT i A i g fIR1 T e - o R

i Yang et al. 3 ¢ 'féf-‘\;if:\ Len? £ T8k m% (renal progenitor

Jﬁiﬁ_‘o

cell) et g it (epithelialization) [897) 5 Lee et al. B| % ;)& fm?e 7 3
PERT Len2 FORaB M B ehi 4 P € R A K e B (T ¥
(morphological change) (40 ) fm¥e %= 22 me Al js e R g v o it ¢ FmE
FEE R 3R AR RFH Len2 B T 2 BB B @ AR o AR SR A
BELRI D Len2 % 3R] B PSP Re3R g 7 BB e Len2 enA R A B AR

RSB T TRk DR E H#\ifﬂ/{ﬁ’“—‘k Kk 3V IDE
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(B) & A S S
F &N K G E S
N\ X DI 3 ¢ >
& & Ft AR
Lcn2
GAPDH

M- - LenZ 716 4 5 éf’v w ™ 4

(DF A8 fent %‘%’Lehz.-'w]mRN&%«ﬁw v (B) LARAKE

Rt

A Len2 (nRNA £ B - %3 BehD R g 5 6 & i A BT 5 F B
A RNA - B~ Ipg RNA F #8+5 cDNA - £ i& 7 PCR L% Len2 A Rtk g - %%
56 EANTIOE - PR A e 7 LOREFRMRTA & » EtBr 4 ¢ £
& 8 Len2 £ ehfEa) - 2 ¢ Len2 ¢PCR A4 3 573 bps « GAPDH 3 p 484
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64-cell 50%-epiboly
2h 53 h 6-somite 18-somite

1
2h 18 h

protruding
prim-6 long pec mouth
25 h 48 h 72 h

GBS E 1 SRR R s Py oA

(Kimmel, C.B., et al., Stages of Embryonic Development of the Zebrafish.

DEVELOPMENTAL DYNAMICS, 1995. 203:255-310 )
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ors

k-~ 3 R PR 2 Len2 AR R 7

( http://www.tcoffee.org )
Mouse MALSVMCLGLALLGVLQSQAQD-STQNLIPAPSLLTVPLQPDFRSDQFRGRWYVVGLAGN
Rat MGLGVLCLALVLLGVLQRQAQD-STOQNLIPAPPLISVPLOPGFWTERFQGRWEVVGLAAN
Human MPLGLLWLGLALLGALHAQAQD-STSDLIPAPPLSKEVPLQONFQDNQFQGEKWYVVGLAGN
Zebrafish MT----- LALALLFGLFLGTHSFNTPD-—-—————— PIGPQPNFDLEKFAGEWYRLGLADE
* ic'-k.icic * A .* : : * .'k ::-k 'k.-k: :*-k*
Mouse A-VOQEKKTEGSFTMYSTIYELQENNSYNVTSILVRDODOGCRYWIRTFVPSSRAGQFTLGN
Rat A-VOQKERQSRFTMYSTIYELQEDNSYNVTSILVRGD--GCRYWIRTFVPSSRPGQFTLGN
Human A-TLREDKDPOQKMYATIYELKEDKSYNVTSVLFRKE--KCDYWIRTFVPGCQPGEFTLGN
Zebrafish SQFFAMFKSHLKVSKGLLVPDTSGNVNLTMWTMRPY --GCSISVYSYEKTDVPGEFTYFS
. . . . . * . * . * * H T . * . £ 4
Mouse MHRYPQVQSYNVOVATTDYNQFAMVEFFRKTSENKQYFKITLYGRTKELSPELKERFTRFA
Rat IHSYPQIQSYDVOVADTDYDQFAMVEFQKTSENKQYFEVTLYGRTKGLSDELKERFVSFA
Human IKSYPGLTSYLVRVVSTNYNQHAMVEFKKVSQNREYFKITLYGRTKELTSELKENFIRES
Zebrafish KENQ---ITKDVTIVETNYTDYSLVLKYKTM-NKEYTQVALYGRSSTLRPDLIDKFRSFA
H R S S S T S S S S
Mouse KSLGLKDDNIIFSVPTDQCIDN-———————— == ——mmm e e e
Rat KSLGLKDNNIVFSVPTDQCIDN-———————— == ————m——mm o m e
Human KSLGLPENHIVFPVPIDQCIDG-———————— == === ————m———m—m
Zebrafish LSLGFSEEAVITPTDIDPCPNLEPSLLWSETLGY IYSLLLEVWGTVEVETQTVIGEMQQY
dodod . .. .. * ok
Mouse = 0——————————=
Rat = ===
Human = —-———-——————---
Zebrafish
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“t4F= ~ primer & 7

RT-PCR primer & 7| :

gene sequence length

Len2 (zebrafish) Forward atgaaggtcaccatctttttgc 573bps
Reverse ataaccggcttttacttgaatg

GAPDH(zebrafish) Forward cacgaattcgctgtgggcaaagtcattce | 120bps
Reverse cacctcgaggtagectggegggecttgta

EF-la(zebrafish) Forward aactgaaggccgagcgtgagegtggtat ~1kb
Reverse tccggatttgagagecttggggttgte

Len2(mouse) Forward caggactcaacteagaacttg 543bps
Reverse tcégttg¥caatgcattggtc

R-actin(mouse) Forward -tgcgtgaeatcaaagagaag 197bps
Reverse .géégbgéc§ggattccata

Real-time PCR J 5 | A

mLcn?2 Left 7 ;:ccatctatgagctacaagagaacaat 89bps
Right : tctgatcCagtagcgacagc

R-actin Left ggcccagagcaagagaggta 245bps
Right cagcctggatggctacgtaca

38




54
Bratt T (2000) Lipocalins and cancer. Biochim Biophys Acta 1482:318-326
Flower, D. R. (1996) The lipocalin protein family: structure and function.
Biochem. J. 318,1-14
Flower, D. R., North, A. C. and Sansom, C. E. (2000) The lipocalin protein family:
structural and sequence overview. Biochim. Biophys. Acta 1482, 9-24
Flower, D. R. (2000) Beyond the superfamily: the lipocalin receptors. Biochim.
Biophys. Acta. 1482, 327-336
Harba-Renevey, S., et aly, SV40-induced expression’ofsmouse gene 24p3 involves
a post-transcriptional mechanism. Or;é%'@ene, 1989. 4(5): p. 601-8
Flower, D.R., A.C."North,.and TK At:t_wood, Mouse.oncogene protein 24p3 is a
member of the lipocalin family. Biochem Biophys Res Commun, 1991. 180(1): p.
69-74
. Quansheng Liu and Marit Nilson-Hamilton, Identification of a New Acute Phase
Protein. THE JOURNAL OF BIOLOGICAL CHEMISTRY, 1995. Pp.
22565-22570
Meheus LA, Fransen LM, Raymackers JG, Blockx HA, Van Beeumen JJ, Van

Bun SM & Van de Voorde A 1993, Identification by microsequencing of

lipopolysaccharide-induced proteins secreted by mouse macrophages. J immunol

39



10.

11.

12.

13.

14.

15.

151 1535-1547.

Kjeldsen, L., et al., Isolation and primary structure of NGAL, a novel protein
associated with human neutrophil gelatinase. J Biol Chem, 1993. 268(14):
p.10425-32

Kjeldsen L, Bainton DF, Sengelov H, Borregaard N. 1994 Identification of
neutrophil gelatinase-associated lipocalin as a novel matrix protein of specific
granules in human neutrophils. Blood 83, 799-807.

Klausen et al.On mouse and man:neutrophil gelatinase associated lipocalin is not
involved in apoptosis or.acute response. Eur J'Haematel 2005: 75: 332-340.
Nilands JB. 1995 Siderophores: strué@@;er and|function of microbial iron transport
compounds. J Biol Chem 270,26723—223—726.

Strong RK, Bratt T, Cowland -JB, Borregaard N, Wiberg FC, Ewald AJ. 1998
Expression, purification, crystallization‘and crystallographic characterization of
dimeric and monomeric human neutrophil gelatinase associated lipocalin
( NGAL). Acta Crystallogr D Biol Crystallogr 54(Pt 1), 93-95.

Flo TH, Smith KD, Sato S, et al. 2004 Lipocalin 2 mediates an innate immune
response to bacterial infection by sequestrating iron. Nature 432, 917-921.
Holmes MA, Paulsene W, Jide X, Ratledge C, Strong RK. 2005 Siderocalin (Lcn
2) also binds carboxymycobactins, potentially defending against mycobacterial

40



16.

17.

18.

19.

20.

21.

22.

infections through iron sequestration. Structure (Camb) 13, 29-41.

Devireddy LR, Teodoro JG, Richard FA & Green MR 2001, Induction of
apoptosis by a secreted lipocalin that is transcriptionally regulated by IL-3
deprivation. Science 293 829-834.

Lin HH, Li WW ,Lee YC & Chu ST 2007, Apoptosis induced by uterine 24p3
protein in endometrial carcinoma cell line. Toxicology 234 203-215.

Bong JJ, Seol MB, Kim HH, Han O, Back K & Baik M 2004, The 24p3 gene is
induced during involution of the mammary gland and induces apoptosis of
mammary epithelial cells,

Devireddy, L.R., et al., /A cell-sutféég_ receptor for lipocalin 24p3 selectively
mediates apoptosis and‘iron uptake. Cell,;;2005. 123(7):'p. 1293-305

Sorensen, O. E., Cowlar;d, J. B Theilgaard-Monch, K., Liu, L., Ganz, T. and
Borregaard, N. (2003) Wound healing and expression of antimicrobial peptides/
polypeptides in human keratinocytes, a consequence of common growth factors.
J. Immunol. 170, 5583-5589

Nielsen, B. S., Borregaard, N., Bundgaard, J. R., Timshel, S., Sehested, M. and
Kjeldsen, L. (1996) Induction of NGAL synthesis in epithelial cells of human
colorectal neoplasia and inflammatory bowel diseases. Gut 38, 414-420

Stoesz, S. P., Friedl, A., Haag, J. D., Lindstrom, M. J., Clark, G. M. and Gould, M.

41



23.

24,

25.

26.

27.

N. (1998) Heterogeneous expression of the lipocalin NGAL in primary breast
cancers. Int. J. Cancer 79, 565-572

Furutani, M., Arii, S., Mizumoto, M., Kato, M. and Imamura, M. (1998)
Identification of a neutrophil gelatinase-associated lipocalin mRNA in human
pancreatic cancers using a modified signal sequence trap method. Cancer Lett.
122, 209-214

Bartsch, S. and Tschesche, H. (1995) Cloning and expression of human neutrophil
lipocalin cDNA derived from bone marrow and ovarian cancer cells. FEBS Lett.
357, 255-259

lannetti A, Pacifico F, AcgquavivaR; 'l:_:'éy_grgna A, Crescenzi E, Vascotto C, Tell G,
Salzano AM, Scaloni /A, "Muttariello ::E, Chiappetta“G, Formisano S, Leonardi
A.(2008), The neutrophil - gelatinase-associated  lipocalin - (NGAL), a
NF-kappaB-regulated gene, is a survival factor for thyroid neoplastic cells. PNAS.
105, 14058-14063

Bauer M, Eickhoff JC, Gould MN, Mundhenke C, Maass N, Friedl A. Neutrophil
gelatinase-associated lipocalin (NGAL) is a predictor of poor prognosis in human
primary breast cancer. Breast Cancer Res Treat 2008;108:389-97.

Xiaohong Leng, et al, Inhibition of Lipocalin 2 Impairs Breast Tumorigenesis and
Metastasis. Cancer Res 2009;69(22):8579-84

42


http://www.ncbi.nlm.nih.gov/pubmed?term=%22Iannetti%20A%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Pacifico%20F%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Acquaviva%20R%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Lavorgna%20A%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Crescenzi%20E%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Vascotto%20C%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Tell%20G%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Salzano%20AM%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Scaloni%20A%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Vuttariello%20E%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Chiappetta%20G%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Formisano%20S%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Leonardi%20A%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Leonardi%20A%22%5BAuthor%5D

28.

29.

30.

31.

32.

33.

34.

Z. Tong et al., Neutrophil Gelatinase—Associated Lipocalin: A Novel Suppressor
of Invasion and Angiogenesis in Pancreatic Cancer. Cancer Res
2008;68(15):6100-8.

Hu L, Hittelman W, Lu T, et al. NGAL decreases Ecadherin- mediated cell-cell
adhesion and increases cell motility and invasion through Racl in colon
carcinoma cells. Lab Invest 2009;89:531-48.

Yang J, Bielenberg DR, Rodig SJ, et al. Lipocalin 2 promotes breast cancer
progression. Proc Natl Acad Sci USA 2009;106:3913-8.

Kubben FJ, Sier CF, Hawinkels'LJ, et al. Clinical.evidence for a protective role of
lipocalin-2 against MMP-9 autodegrél:_d'g,t_ion and the impact for gastric cancer. Eur
J Cancer 2007;43:1869-76 :

Fernandez, C.A., ‘et. al;,’” The matrix - metalloproteinase-9/neutrophil
gelatinase-associated lipocalin complex plays a role in breast tumor growth and is
present in the urine of breast cancer patients. Clin Cancer Res, 2005. 11(15):p.
5390-5.

Hemdahl, A.L., et al., Expression of neutrophil gelatinase-associated lipocalin in
atherosclerosis and myocardial infarction. Arterioscler Thromb Vasc Biol, 2006.
26(1): p. 136-42

Biezeveld, M.H., et al., Sustained activation of neutrophils in the course of

43



35.

36.

37.

38.

39.

40.

41.

42.

Kawazaki disease: an association with matrix metalloproteinases. Clin Exp
Immunol, 2005. 141(1): p. 183-8.

Xu, S. and P. Venge, Lipocalins as biochemical markers of disease. Biochim
Biophys Acta, 2000. 1482(1-2): p. 298-307.

Mishra, J., et al., Amelioration of ischemic acute renal injury by neutrophil
gelatinase-associated lipocalin. J Am Soc Nephrol, 2004. 15(12): p. 3073-82.
Vinuesa E, Sola A, Jung M, Alfaro V, Hotter G. Lipocalin-2-induced renal
regeneration depends on cytokines. ‘Am J Physiol Renal Physiol 295:
F1554-F1562, 2008

Yang, J., et al., Aniron delivery, path;@'—gyrmediated by a_lipocalin. Mol Cell, 2002.
10(5): p. 1045-56 :

Yang, J., et al., Iron, lipocalin; ;emd kidney epithelia../Am J Physiol Renal Physiol,
2003. 285(1): p. F9-18

Lee, S., et al., Lipocalin-2 Is an Autocrine Mediator of Reactive Astrocytosis. The
Journal of Neuroscience, 2009 « 29(1):234 —249

Farina C, Aloisi F, Meinl E., Astrocytes are active players in cerebral innate
immunity. Trends Immunol , 2007. 28:138 —145.

Kimmel, C.B., et al., Stages of Embryonic Development of the Zebrafish.
DEVELOPMENTAL DYNAMICS, 1995. 203:255-310

44



43. Finlay, B.L. and Darlington, R.B., 1995. Linked regularities in the development

and evolution of mammalian brains. Science 268, pp. 1578-1584.

44. Ashwell, K.W., Waite, P.M. and Marotte, L., 1996. Ontogeny of the projection

tracts and commissural fibres in the forebrain of the tammar wallaby (Macropus

eugenii): timing in comparison with other mammals. Brain Behav. Evol. 47, pp.

8-22.

45. Caviness VS (1982) Neocortical histogenesis in the normal and reeler mice: a

developmental study based upon-[3H]-thymidine autoradiography. Dev Brain Res

4:293-302.

45



