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1.1 ‘RS HREIES

EEYIM AR EC1.71 Al EC109, 7E& 10%/)\
AL Y 199 1% 55 5 5 DMEM 1% 9% 5 v Ul B A
K, 5% CO,, 37C, WJE 95%. M 0.25%
filf A1 0.02% EDTA [V AL A, 34T 40 ALK,
1.2 NGAL EFRIRIESHBHK

15 Y8 FR IR RE R 2 W M 308 NGAL 8 I 7 1%
RASLIG AT, (RIS -, EHU NGAL & 1
[ IR (T BRI R s, S 1% ) BMMY
FEFRM (1% BRI . 2% B AR 1.34%BRER
PR 4x10°% £ 7)) T 15 F NGAL B RIA, B
] 5 K. Rigel Fig KR MR £ H7 . Bio-gel
P-30 L 38 )24, High Q Support [ 25128 # )2
M1 AN SP- Sepharose fast flow FH 25748 ) Z M55 2 >
L BHEAT B 4litk. {F SDS-PAGE &4l I, it
25 Ty 7 0 Y 0 RVRR S 1 B 92 B8 R %8 NGAL =
FIE R 5oy S A b BRISOR. Sk, Eid 5%
FAEHLIK X5 J5 4 SP- Sepharose fast flow FHES 748
e JZ 715 1) NGAL 2 A AR S AT 3 — 20 R 4l

s
13 REFERERN NGAL BHEIRIE

Pt NGAL 21K (NGAL receptor, NGALR)#T
A R ) LYK & 2 W SCR[9]. 4 Bk
R0 A B A B BUECE 7 mm x 22 mm 55 3% A1
FFRIL, 4%% 5 S R B E 15 min, 0.1%
[ Triton X-100 ZLFE 15 min, 10%IfLi% 3} 4] 30 min.
T4 0038 24 B BE (1) NGALR — Pt 4C WA I, %06
FFRC TP 37°C AR 30 min.  50%2% rhH A
P WEE N UEE, AT
1.4 NGAL ZERRIKNIFC R HAMAETRN

FZ i ANASPEC A H][#) AnaTag 5-FAM(—#7
HF)E EAR A & U A, X NGAL & kT
PeIehRd . o N BCAL T # AR K T ECLL71 Rl
EC109 41 4% FP 2| 55 3% /v I, & DMEM 8¢ 199 #%
FEHEP(F 10% FBS)H: 9% 24 h. 4l JH] G I3 1% 7
FEURGE 3 K, e FIREEFRA M 23 ) I TG L3 Ry
F2H . 50 mg/L () FAM-NGAL, 1fij % [ 41 7] i} i
AN 5 /L 1) NGAL 1E A 56 R4l 7). 37°C W &
1 h, ¥ % PBS E¥ 411 3 Wk, i 28 vl
(50 mmol/L H %, 150 mmol/L NaCl, pH3.0)4t

1 min, LBREAREANIMT . 4G Edn iR
) NGAL 5 1. ¥/ PBS ¥ 3 Ik, 4%% 58 /i [#]
s 10 min, 26 WED FWEE, M.
1.5 YRR SFEUER

¥ EC1.71 Al EC109 41 itd 73 il B Fh 3] 24 LR,
Big% 24 he 4NN TR s, PBS VLR 3 IR, &
FAHIRICHER10], 43 NN AN RIS NGAL £ 1
(0. 0.05. 0.5. 5. 50 mg /L) TG ILi% &5 95 55, ¥
B 24 h, AHZE WIMBTUSAEEALN, R
1.6 AR E AR EFRC S MER

1# M Biederbick SFUHRGE W 7k, ¥ EiR K&
P4 B H 0.05 mmol/L (1) 5 P} sk ¥ 13 — fi% (mono-
dansylcadaverin, MDC) 37C ¥ & 30 min, Fric
9 F R A, PBS EEUEIS T 906 WAMEL N Mg,
EECE
1.7 EEMEFRMHER LC3 MFRIES R

% H Qiagen 2w 1) Y il 57 (SuperFect) 73 7l %
4 pLC3-GFP H 21 JFTR (5 [B] %85 P A K 27 18 37 %
- HE B # EC1.71 A1 EC109 41 g, £57% 24 h ),
i E s 2SN 50 mg/L NGAL 5 1H, 4kskk:
F% 24 h, PG ERBE TN B R R
LC3 RIS IGOL, A,
1.8 MM R kS FiRE

HF Riemer SFMAFTHRIE 1) /735, # R & Fh4
WA T 24 FUA, N 200 wl 50 mmol/L ) NaOH
2% 2h. 78 1.5 ml BLOE AN 100 wl 401
HAMEW, 100 wl 10 mmol/L HCI LA & 100 wl 2k
R 7 (1.4 mol/L HCI A1 4.5% KMnO, [F] 45 {4 FH 1
A, RUHBEIEC), RAA. BEW T 60°C /KA T
B 2h, A 30 wl B4 7 (6.5 mmol/L
ferrozine. 6.5 mmol/L 7 WA # . 2.5 mol/L 4R
. 1 mol/L PLIAIMIER), = idHCE 30 min, 43HHL
280 wl %3 96 FLAR T, THghR & 550 nm
BeRKAR e, TH BRI
1.9 GZRENTNIEXERRIEKTF

W sE Bk & RPN, RIPA Z4f#9% (150 mmol/L
NaCl, 1% NP-40, 50 mmol/L Tris-HCI, 0.5% DOC,
0.1% SDS, 1 mmol/L EDTA, 1 mmol/L Na;VO,,
1 mmol/L PMSF 1 4= 25 [ g # il 7)) oK I 2 i
30 min, 4°C 12 000 t/min 250> 10 min. X 75,
Bradford VAW e & A& . MRS EAZE 12%
SDS-PAGE 4} %, WL % PVDF JIiE . H & 5%
I NG W54 () PBST % PVDF AT £ ], 245 AN
P =P EE, RS RIGE HIE N
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BTN, FluorChem 8900 BEAR A% F 48 AR
o3
1.10 RT-PCR &R0 B A R B FiE KK T
Z: [ Invitrogen /A &) ) TRIzol & 71 & 156 B 15,
PR AR 40 i) & RNA.  fdH Promega A #] ¥ )2
¥ 5% & 4t (Reverse Transcription System Kit) 3% 15
cDNA. PCR M1 1] Promega 73 ] [f] PCR Master
Mix i 71 &. beclin-1(GenBank Accession #AF139131):
L7514 5' TGG ATC ACC CAC TCT GTG AG 3/,
514 5 TTA TTG GCC AGA GCA TGG AG 3/,
74 565 bp. apg-5(GenBank Accession #BC002699):
L5149 5 TTT GGC TTT GGT TGA AAT AAG 3/,
RS54 5 TGT CAT TTT GCA ATC CCA TC 3/,
74 539 bp. DAPK(GenBank Accession #X76104):
L3514 5 CCC CTA CTG CCT ATA TCG AC 3/,
514 57 AAT GAT ACG GGT GCT CTG AG 3/,
W) 626 bp. X, GAPDH: Liif514 5 GAA
GGT GAA GGT CGG AGT C 3', Fif514 5'GAA
GAT GGT GAT GGG ATT TC 3', /=4 226 bp.
PCR W 4ff: 95T 2 min; 94°C 305, 55C 30s,
72°C 1 min, 35 MEHF; 72°C 10 min. 1.5%35 4
LR HL VK S0, b UG AL BE R 405 HEAH 73 A

2 4 R

2.1 EFREERIZH NGAL EFS B

EHU NGAL 5 [ iy 2RI 1) 58 IR 19 BE 40 i v e
EE 1% H IR BMMY W i 54598 5 K. Rk
EVZE A I 25 SR WL 1a. AN 1a HRT L, 128 £5 7
REIIERER TR LI O SR RE RS A U 2145 72 NGAL
AR, HHEMEN R, 8 9 IkiH),
P BEES 9% 13 WP NGAL & A ik g 2 40 KT
128 mg/L, ¥ BHRIE AR &

PR 5 2 0 HE AR IR BRI I BIE M, HOIR A BRI
B £h HT . Bio-gel P-30 #t I ik 3 JZ #T . High Q
Support BH 25122 #t JZ #7 Fll SP- Sepharose fast flow
PHES FACH E T S 2 AN IR oy s alifh. % ik
YRR 7 1 G2 I 1) Ak s &5 TR 23l L&) 16 A
K le. & LiRE AP, NGAL & A 244 34l
T BB vk b —4katr. TP A H R A
HAL RS 52 56 &5 2R 3= 2 52 B pHL 8.2 1 pH 7.8 P i
417y, VEWKE 1d. ZEA DL g R, BLEE AR STl
%M NGAL AWM 24l 2 il &, H 5 bR,
NGAL S AARGANAF G e Bk, 4
DIZ AT fie A2 R A0 AR B A S A AS ] 3E F )

(@) 12 3456 78 9

® ki NGAL  (©) NGAL Marker ku
= B -
34— .

23 — | —— F 3

(d  pH Marker NGAL
9.6— =
82—
7.8—
71—
6.5—
6.0— -
51— =
45— -

Fig. 1 Purification of NGAL protein from
yeast supernatant

(a) Evaluation of NGAL protein expression level in yeast supernatant by
Western blot analysis. Yeast supernatant were diluted to 128 times,
64 times, 32 times, 16 times, 8 times and 4 times (Land I ~6)
respectively. Land 7 ~9 represent 1, 2 and 4 mg/L NGAL protein
purified from E. coli respectively. Molecular mass of NGAL protein
expressed in yeast is about 25 ku, while that in E. coli is about 21 ku,
due to absent of glycosylation modification. Identify of NGAL protein
expression: (b) Coomassie blue staining of the gel. (c) Western blot
analysis. (d) Ampholine electrophoresis.

22 BEREMAEIE NGALR X HE NGAL &5
RES

o g B IR R F g 98 O B B R I EC1.71 A
EC109 41 g *F NGALR %5 [ 2 ik 175 4 1 &5 31 L
Kl 2a F1[E 2b. PRRHEEEAI M RAHLL, BECL71 %
15 NGALR £ 18 5%, 1 EC109 ik NGALR #&
FASS. XA 0] A SCER AN AR NGAL 3 i )
T NGALR PSS A0 N R FEAH Y. (1) A= P24 V6 Tl 42
BT X M 11 B A e A M A .

76 FIRSEIG IR b, HE— DA A i AN
Mfi & EC1.71 #1 EC109 4 NGAL & I ItEHL, M
K 3a. by c Ml d AL, ECI1.71 Fl EC109 & ] LA
WA NGAL tE 2400y, {H EC1.71 W& NGAL
EAMAE W B EL EC109 58, XATfES EC1.71 %
X NGALR %945 .
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Anti-NGALR

Anti-NGALR

Fig. 2 Analysis of NGALR expression in EC1.71
and EC109 cells

(a) Western blot analysis of NGALR expression in EC1.71 (land 2, 4, 6)
and ECI109 (land 7, 3, 5) cells. Lands 5 and 6 incubated with an
anti-human NGALR antibody as probes and developed with goat
anti-rabbit IgG HRP, whereas land 7 and 2 using PBS as control. Land 3
and 4 incubated with an anti-human NGALR antibody plus with ten fold
concentration of NGALR peptides. (b) Immunofluorescence staining
analysis of NGALR expression.

(@) (b)
ECL.71

© (d)
EC109

Fig. 3 Binding and internalization of NGAL protein
into the EC1.71 and EC109 cells
EC1.71 and EC109 cells were incubated with FAM-NGAL protein
(50 mg/L) in the presence (b or d) or absence (a or ¢) of NGAL (5 g/L)
for 1 h. Cells were washed with PBS and washing buffer (50 mmol/L
glycine, 150 mmol/L NaCl, pH 3.0) for 1 min and observed under
fluorescence microscopy and the magnification was 400 x.

NGAL(mg/L) 0 0.05

ECI1.71

23 NGAL EHIFSRERMMEESHTE

FHZE WABE LS, INAAS [ B 1f) NGAL %5
F, WHE 24 h, %S ECL.71 1 EC109 40 o 1 &k
RGN, R 4. SXEAMEE, NGAL A
WA, PR 41 i EC1.71 1 EC109 (1)
TESBIAR NI Wk, a0 e iy, Mptis)iE
B, [ INE 20 5 H ARG 8 %2 . TR NGAL &
FIAR BE B AR E iy, Rl Rk FE T 3 50 mg/L
i, WA EEEARKESY AT BERL, A
LB e i AR N TEAARIR . [R] IR 4E R 5 B
b WEERE ) W TR, SR TRER A T A A
WEE R T T PR R 4 ML ECL1.71 A1 EC109 AH
bt, X NGAL S E %G FEH, BECL71 LT H i
KL, TR W, AN R . XA
BE PRI M) NGALR 1A DL HA AR 24 11
ZESPEA A K.

24 NGAL EHFSEERMMALE B

0 A BT A B WA R, P
Pt /%~ % (monodansylcadaverine, MDC) & — Ff 55 i
PEER S, Relip s ARG, BIkH MDC
Fric R AR 1 Wk R 40 3 5 4 W s R I SR (. 581G
ALAH S 45 L 5. XA, biE
NGAL i R BEZ8 i3 &, Rl 2 SR T iy
LB 5~50 mg/L I, YRR B e 4 i EC1.71 Al
EC109 2t 986w (a3 B0, KRG EH
g B B R AR TP RP R R 40 R ECL.71
EC109 #H Lk, 7F NGAL & (R BEAH R 44, 1Bl
PRI TSR (9 W (A i — 28 XA RERIAE S
Fh4H B NGALR 1A LA S HARAH G 731 1 2 Sk
AT K.

LC3 5P EE) ATGS(autophagy-related protein 8)
Y. EIER AR, LC3 W iR a4 140 i 3%
. BRI, AL R /SRS AR N R AR A
Wk, LC3 o RAEG A AR Ak, K RAEAE /T

Fig. 4 The effect of NGAL protein on the cellular morphology

ECI1.71 and EC109 cells were incubated in medium in the presence of indicated concentration of NGAL protein for 24 h. The morphology of cells was

observed under phase contrast microscopy and the magnification was 200x.
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NGAL(mg/L) 0

EC1.71

EC109

0.05

Fig. 5 Identification of NGAL protein inducing autophagy by MDC staining

ECI1.71 and EC109 cells were incubated in medium in the presence of NGAL protein for 24 h. MDC was used to label the autophagic vacuoles. Cells

were observed under fluorescence microscopy and the magnification was 400 x.

W A Bl 1Y A T, BT IR AS ) LC3 19 43 A7 AR
A S R PR 0 B 15 A2 E R TR e A 2
ARICTRAE A pLC3-GFP il & R 43 53l %% 4% EC1.71
ATEC109, #RJ5AE26 W N %S 50 mg/L (1)
NGAL HEFEER G, @b g8, B LC3
AT DL, S5 R ILE 6. TLig & ECL.71, &
J& EC109, P3R4 T BB LC3 S 40 A A%
1, S I TR (R IS ) (7 SR AEAEAE 3R W 4 i i

KT HE.
50

Fig. 6 Alteration of LC3-GFP distribution induced by
NGAL in EC1.71 and EC109 esophageal carcinoma cells
ECI1.71 and EC109 esophageal carcinoma cells transfected with LC3-

NGAL(mg/L) 0

ECI1.71

EC109

GFP were subjected to NGAL protein (50 mg/L) treatments and analyzed

by fluorescence microscopy and the magnification was 400 x.

25 NGAL EEMREEMEANSEFSH%ER
IKTFRIFNE
HAWIFUIRIE, NGAL fEWS 4 & it &5
HUNY 75 MR P o, & — PRk
kLA H, Wik NGALR, 2585 115

32 LU A A BRARE O SR T A A SC IR At P AR
SR AT, AMEYE NGAL & F AR R 51
2R A (DK 2 A P WIS 5, T 4 L N B A T
RIERTBARZBI W m, TEUE 7. X,

(2)

NS} w N w
T T T T

Iron content/pmol-g™

—
T

(=)

DMEM NI N2 N3 N4 DFO

(b)
DMEM N1 N2 N3 N4 DFO

B

‘P - ?t Ferritin

Fig. 7 The effect of internalized NGAL protein on the
concentration of intracellular iron and ferritin in EC1.71
and EC109 cells
(a) The concentration of intracellular iron was analyzed by ferrozine
assays. ll: EC1.71; O: EC109. (b) Analysis of intracellular ferritin
protein levels by Western blot. B-actin level was monitored as loading
control. Cells were treated with NGAL (N1/0.05 mg/L, N2/0.5 mg/L,
N3/5 mg/L, N4/50 mg/L), DMEM as negative control or DFO

(1 mmol/L) as positive control for 24 h.

EC1.71

EC109
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NGAL #1258k 2 75 i 0a DL R 40 i iy 2 AR
AT REIE A ILA PR R A ). A SCHE A S A A Y
ZAE R H AR NGAL 5 10N 31 40 o 35 55
W, VPTG IE X LA B I E, B R
AhEME NGAL 5 A IAE 5 40 i N2 AR R g7
MUERAE—ilE, MR — I IER H NGALS (146
IR IS AR .
2.6 NGAL EE¥EREREMAE ERK12 RE
X} B g E e [ R iK B 22N

AMJEPE NGAL 5 765 T 41 i A b ot s 2
WO B A0 M I — 4R A A S A R AR, AR
SEE 45 LI 8. 50 mg/L NGAL 25 A4 BIAE
5min, PIRPEEEA NI HILT p-ERK1/2 /K1)
BT, 1T HAE SR ORI 0.5~ 24 h i jR] Y
W—ERFEE X RIKF, e /T, % /> NGAL
HEAMER 6 h, B0 A G R K AR B R A RIS
X ERK1/2 St & 40 Mo B W3 i 1R 2B 4k 27 I
FHE, WIHER NGAL & AF S @&l k4 A
Wk P73 F BT DG BEEA 45 P 7

(a) 0 min 5 min 10 minl5 min20 min30 min 24 h
Y L T T T TR
ECLTI- e A S - 12

e AT D T B-Actin

(b)

— s - —
S S S -ERK 1/2

EC109—

s D R SIS NS GRS (- A\l

Fig. 8 Internalization of NGAL stimulates ERK1/2
activation in EC1.71 and EC109 cells
Cells were treated with NGAL (50 mg/L) for indicated number of times.
Western blot was used to evaluate the expression of associated proteins.

B-Actin level was monitored as loading control.

T RS, W A B SR, TR
I 255 A5 B 2% A, R ERK1/2 ¥l nl fig i
IE R R Ak SP-1 2556 5% K 7 TS apgS. beclinl Al
DAPK %5 H AR OCHE R 1) 45k, 2 5 40 i Ak it
RSy sEG 25 AR HH, NGAL £ 1A H A 1)
WhRENS A EC1.71 A1 EC109 7 1 W% ERK1/2 2
Jei s BRI E RO WA OC KL R L S,

B9, IXEAISC RS I uEds, 8 ERK1/2
MAME 5 R TREN S T NGAL S H 531
AN AW R A HEE PR ML 75 2
i anE % ERK1/2 K] RNA T4 5 5 v 25 440
A S Bk — A IR K.

Oh 2h 4h 8h 16h 24h

Apg5
Beclinl
EC1.71+

DAPK

GAPDH

Apg5

Beclinl
EC109—

Fig. 9 Internalization of NGAL induces the expression of
autophagy associated genes in EC1.71 and EC109 cells

Cells were treated with NGAL (50 mg/L) for 0~ 24 h. RT-PCR analysis
was used to evaluate the mRNA expression of associated proteins.

GAPDH level was monitored as a control.

FiA s ARSCE R RSO T p38 A1 INK 41 {5
S S/ NGAL 2 A5 S & & 40 5 e
TG PR AR A L (R DGR A A S50 45 R 7 i),
RILAE NGAL S EEM T, 4 M p38 Al INK 45
MAPK [fE A —w 481k, HAU ERK IR, X
VLB ERK1/2 4 fff5 5 7% 3 %42 2 /v 5 NGAL 1
7 RN M R A BV TR

3 it it

UCAESR, ORI BTN, B T &8
AR, NGAL K 1) 21K 18 15 FUIR B« 155 e e
RSN . FLIRE . . DR, ARG
111995 55 FLAth T 22 2P J e 1 A 2B R R B IS O R
PO, PLORIZEE N fE T P2 EE ) R
FHOGIEIN,  HLAT T3 s A= 4 2 A P A

7E NGAL 5 & I UUAE R ABE 5T, AT
(RS20 45 B2 W], NGAL e 7E N A b iz 40 i g
A g R R, BAT R A AR 2810 Th
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e, [RINHELERE AN I AS R, mrfe S 2hd@ it
S A0 M S8 F-actin (O EE AL, 5200 40 MU 1) 2
e R AEVE T, ER D)0 AE F AL VAT
AN S T b NGAL 74 £ /89 40 o b
DI R A= 2= A AL, BRAT e AE i Rl rh ek 4l
A AN [ BE 1) NGAL #5143 A 2] EC1.71
FTEC109 P9 RAS [7] 1 £ 557 9o 40 Mo ¥ 35 7% 13 vh i
H 24 h, KIBEFE NGAL & U 20T Ak 2 s,
) 2 S T v ik 3] 50 mg/L INF, A A g 4
MBI RAE T W48 b, ATRER& KL T 41 A
L T N SO (T 1S e W1 U 0 NN
DNA £f JE 4% 17 ARy = PE Caspases 1544 5547 5 I
T 40 RS0 4 A 380 5 B 1 &5 R R A S 50 25 L0
1 R)s LLRCER G AN M 1 TR R R MDC %4
Fric s LC3 Wk 5747 Fl apg5. beclinl 5 DAPK %%
1 W52 X I DR R S A 0 457 52 30 B 1k 45 TR 4 R 1) S 50
HEHOR, — IR E M AN NGAL & A 1EH
— 2 I DA AT A5 3 B T A M R A S TS 2
T

AT TG KB, e M E A
NGALR, ifif Hi& ] e A7 70 —Fogt i a8 X )
TP BB SSAR RS, ARITAN R 1 B0 A0 R ik
NGALR 77645 W R I e it 1t HLIE R R IA A &
1652 DNA % H BEA S R 31, XRG4
i [ El NGALR [0 F ] B & —Fhlk s %
AR . Goetz ZEBHF5TIE I, NGALZE —
PP T Transferrin FIRERRIEZREE 1, 5 BYT3E
PR AT LN 7 FRCARI TR A EE R, etk
Si G MR T, SN T AH N 32 44 NGALR,
RAFES R IRE. AR, AEARSCIO PR i 40
MurF, i ECL.71 I8 /& EC109, 7541 Huks 75
N NSNS NGAL 25 1, 392K W6 40 g A
BRE AU AR . HEINX R RE R BT
AR SCH SR AB I R 48 AN AE B = FE R AR IR A
BUN> FECARIE By, BIIFARHAMETE NGAL &
TR FH -5 40 P PR s AR R e H L AT —
i, P — AN IR R AMETE NGAL & A 4630 1)
IReME S Fia#1K & . Devireddy 25WHF 5T IEH ,
24p3 L FI(NGAL [/ BRI 5 A ) i M 2k 5 4 34
FHEA T DIAROC, B T IEA A LN T B4
BT, 24p3 Bt A8 IR TT e & XA 1Y, BE
AT LA A Bk 28 LIS 2 A0 Py, R eT DA Al
P AR B AR IS B Ak, dman i ah it ke
HIZFIANMI N I, MR AR, A, 4Fmgn i

W Bk 8 1 e Az 2 AR, 2 i ) A A kg e
FEIXME LT, WERALASOAR ) 5236 45 Pk R AE
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Abstract
transformation and development of esophageal carcinoma. Alteration of NGAL expression can trigger the change

Previous studies suggest that NGAL (neutro phil gelatinase-associated lipocalin) is involved in the

of cellular morphology in esophageal carcinoma cells. However, the mechanisms remain unclear. To get a better
understanding of NGAL function in esophageal carcinoma, NGAL protein was expressed in methylotrophic yeast,
Pichia pastoris, and purified by chromatography. EC1.71 cells expressed high levels of NGALR (NGAL receptor)
and EC109 cells expressed low levels of NGALR were used as cells model. The trafficking and the possible
function of NGAL protein were then analyzed in the esophageal carcinoma cells. The results showed that
5-FAM-labeled recombinant NGAL protein could internalize into the EC1.71 and EC109 cells. Furthermore, the
internalized NGAL protein could induce the alteration of cellular morphology, resulting in generation of
autophagosome, transcriptional up-regulation of genes associated with autophagy and increase of phospho-ERK1/2
(p-ERK1/2). Interestingly, the treatment with the NGAL protein did not affect the intracellular iron level. These
data indicate that induced autophagy by exogenous NGAL protein is a mechanism that internalized NGAL plays
important roles in esophageal carcinoma cells, independent with NGAL-mediated iron transport process, while
ERK1/2 signal pathway is involved in activation of autophagy by exogenous NGAL protein.
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